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THE  QUALITY  OF  THE  SURFACE  WATERS  OF 
CALIFORNIA. 


By  Walton  Van  Winkle  and  Frederick  M.  Eaton. 


INTRODUCTION. 
OUTLINS  OP  mVESTIOATION. 

On  the  Ist  of  July,  1905,  the  Director  of  the  United  States  Greo- 
logical  Survey  made  a  contract  with  the  state  engineer  of  California 
for  the  purpose  of  carrying  on  a  study  of  the  '^  natural  waters  of  the 
State  of  California,  their  seasonal  variation  in  composition  and  in 
physical  characteristics,  and  the  damage  which  they  have  sustained 
by  reason  of  pollution."  The  agreement  provided  that  the  work 
should  be  carried  on  by  a  member  of  the  United  States  Geological 
Survey,  and  Frederick  M.  Eaton,  hydrographic  aid,  was  detailed  for 
this  purpose.  Through  the  courtesy  of  the  University  of  California, 
laboratory  space  was  procured  in  the  basement  of  the  chemical  build- 
ing, and  all  determinations  were  made  there. 

In  December,  1905,  sampling  stations  were  established  at  the  fol- 
lowing points: 

Feather  River  at  Oroville;  gaging  station  at  bridge. 

Yuba  River  near  Smartsville;  gaging  station  at  Narrows. 

Sacramento  River  above  Sacramento;  3  miles  above  railroad  bridge. 

American  River  at  Fairoaks  bridge;  gaging  station  at  bridge. 

Mokelumne  River  at  Clements;  gaging  station  near  bridge. 

Stanislaus  River  at  Knights  Ferry;  above  power  company's  dam. 

Tuolumne  River  at  Lagrange;  gaging  station  near  bridge. 

Merced  River  at  Merced  Falls;  gaging  station  above  Merced  Falls. 

Kern  River  at  Oil  Center;  gaging  station  known  as  "First  point  of  measurement.'' 

San  Joaquin  River  near  Lathrop;  Southern  Pacific  drawbridge. 

Alameda  Creek  near  Niles;  above  stone  dam. 

San  Lorenzo  Creek  at  Big  Trees;  at  bridge. 

Arroyo  Seco  near  Soledad;  gaging  station  at  Petti t's  ranch. 

San  Benito  River  near  HoUister;  above  dam. 

Santa  Maria  River  above  Santa  Maria;  gaging  station  on  Dutard  ranch. 

Santa  Ynez  River  near  Santa  Barbara;  gaging  station  at  Gibraltar  dam  site. 

Malibu  Creek  near  Calabasas;  gaging  station  on  Chapman  ranch. 

Santa  Ana  River  above  Mentone;  gaging  station  near  power  house. 

San  Luis  Rey  River  near  Pala;  gaging  station  near  mills. 
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6  QUALITY   OP   CALIFORNIA  SURFACE   WATERS. 

At  each  of  these  nineteen  places  some  person  was  engaged  and  m- 
structed  to  take  regular  daily  samples  from  the  stream  at  the  point 
selected  and  forward  them  to  the  laboratory  at  Berkeley.  The  work 
was  begun  on  January  1,  1906,  with  the  intention  of  continuing  it, 
as  far  as  possible,  without  interruption  imtil  December  31,  1906;  but 
the  earthquake  of  April  not  only  interrupted  the  collection  and  trans- 
portation of  some  samples,  but  destroyed  others  already  on  hand  in 
the  laboratory,  and  therefore  certain  gaps  appear  in  the  records  for 
the  year.  Most  of  the  stations  were  inspected  by  Mr.  Eaton  on  the 
first  part  of  April  and  last  part  of  October,  and  some  of  the  more  ac- 
cessible stations  were  also  visited  from  time  to  time  during  the  inves- 
tigation. 

On  July  1,  1907,  a  new  agreement  was  entered  into  by  the  State 
Department  of  Engineering  and  the  United  States  Geological  Survey, 
imder  which  the  work  done  in  1905-6  could  be  continued  and  the 
scope  of  the  investigation  broadened.  The  essential  details  of  the 
new  agreement  were  identical  with  those  of  the  contract  for  1905,  and 
the  work  was  carried  out  along  the  same  general  lines.  Walton  Van 
Winkle,  assistant  analyst  in  the  water-resources  branch  of  the  Survey, 
was  detailed  to  carry  on  the  laboratory  and  field  work  and  to  compile, 
in  collaboration  with  Mr.  Eaton,  the  present  report. 

Sampling  stations  were  established  on  the  following  rivers : 

Russian  River  above  Ukiah;  2  miles  above  town. 

Cache  Creek  at  Yolo;  gaging  station  at  bridge. 

Sacramento  River  above  Sacramento;  3  miles  above  railroad  bridge. 

San  Joaquin  River  near  Lathrop;  Southern  Pacific  drawbridge. 

Estrella  River  near  San  Miguel;  one-half  mile  above  ford. 

Salinas  River  at  Paso  Robles;  at  wagon  bridge. 

San  Antonio  River  above  Bradley;  at  Branch's  ranch  house. 

Nacimiento  River  near  San  Miguel;  one-eighth  mile  above  Nuoimiento  ranch 
house. 

Santa  Ynez  River  near  Santa  Barbara;  gaging  station  at  Gibraltar  dam  nite. 

Ventura  River  above  Ventura;  at  Ventura  Coimty  Power  (-ompany's  diver- 
sion dam. 

San  Gabriel  River  above  Azusa;  gaging  station  near  power  house. 

San  Gabriel  River  near  Rivera;  at  upper  end  of  old  canal. 

Santa  Ana  River  above  Mentone;  gaging  station  near  power  house. 

Santa  Ana  River  near  Corona;  at  Aubumdale  bridge. 

Santa  Ysabel  River  near  Escondido;  gaging  station  near  Pott's  ranch. 

Cottonwood  Creek  near  San  Diego;  gaging  station  at  Barrett  dam. 

Owens  River  near  Tinemaha:  gaging  station  at  Charlies  Butte. 

Owens  River  near  Round  Valley;  gaging  station. 

Arrangements  for  sampling  and  forwarding  were  the  same  as  those 
during  1905-6.  The  collection  of  samples  was  begun  in  Decem- 
ber, 1907,  and  the  work  was  continued  without  interruption  until 
December  31,  1908.  All  accessible  stations  were  inspected  from  time 
to  time.  In  order  to  obtain  some  knowledge  of  the  surface  waters 
of  those  sections  of  the  State  which  could  not  be  exhaustively  studied, 
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single  samples  were  collected  by  Mr.  Van  Winkle  from  the  following 
streams: 

Mad  River  at  Blue  Lake;  at  ford. 

Eel  River  at  Fortuna;  at  ferry. 

Noyo  River  near  Fort  Bragg;  below  Alpine  station. 

Pescadero  Creek  near  Hollister;  at  Grass  Valley. 

San  Lorenzo  Creek  near  Kings  City;  at  proposed  dam  site. 

Gaviota  Creek  near  San  Ardo;  2  miles  above  town. 

Indian  Valley  Creek  near  San  Miguel;  at  Douglas's  ranch  house. 

San  Juan  Creek  near  Shandon;  at  ford. 

Cholame  Creek  near  Shandon;  150  feet  above  mouth. 

Huer  Huero  Creek  near  Paso  Robles;  at  ford  on  Cholame  road. 

Carmel  River  near  Carmel  by  the  Sea;  4  miles  above  mouth. 

Rio  Hondo  near  Rivera;  at  Rivera  bridge. 

Mohave  River  near  Victor ville;  at  "Narrowtf.** 

Salton  Sea  a  near  Mecca. 

The  analytical  work  connected  with  the  investigation  prior  to 
March,  1906,  was  conducted  by  F.  M.  Eaton;  for  the  remainder  of 
that  year  the  analyses  were  made  by  P.  L.  McCreary,  field  assistant. 
During  1908  the  analyses  were  made  by  Walton  Van  Winkle,  who 
was  assisted  during  the  greater  part  of  the  year  by  W.  J.  McGee, 
field  assistant,  and  during  the  later  part  of  the  period  by  William 
Reinhart  and  W.  C.  Packard,  field  assistants. 

A  minute  study  of  municipal  water  suppUes  was  not  attempted, 
the  principal  object  of  the  work  being  to  determine  the  value  of  the 
raw  and  undeveloped  resources  and  the  possible  uses  to  which  the 
water  could  best  be  put.  For  this  purpose  a  broad  field  was  covered 
and  the  results  show  the  character  of  the  principal  drainage  waters 
of  the  various  areas. 

In  order  that  the  report  might  contain  statistical  information 
regarding  municipal  water  supply,  inquiries  were  sent  to  the  clerks 
and  health  officers  of  the  171  incorporated  cities  and  towns  of  the 
State.  RepUes  were  received  from  155,  and  the  information  is  here 
given.  The  following  table  by  George  D.  LesUe,  statistician  of  the 
state  board  of  health,  is  inserted  to  show  the  prevalence  of  water- 
borne  diseases  in  a  number  of  incorporated  towns  and  cities : 

Deaths  Jrom  certain  causes,  with  proportion  per  1,000  total  deaths,  for  California ,  2906 

and  1907. 

I  Proportion  per 
Deaths.  1,000  total 

Cause  of  death.  !        deaths. 


Trphold  fever 

Material  fever* 

Diarrhea  and  enteritis,  under  2  years. 


657 

ill 

930 

Diarrhea  and  enteritis,  2  years  and  over 338 


190C. 


1907.        1906, 


558  22.4 

70  3.8 

899  31.7 

288  14.4 


1907. 


17.9 
2.2 

28.9 
9.3 


a  One  sample  submitted  by  Q.  K.  (Gilbert,  United  States  Geologk^al  Survey;  one  analysis  submitted 
by  Doctor  Bailey,  University  of  Texas,  Austin,  Tex. 
ft  Probably  typhoid  in  part. 
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METHODS  OF  EXAMINATION. 

The  methods  of  examination  employed  were,  with  few  exceptions, 
those  outlined  in  Water-Supply  Paper  236."  Departures  from  the 
procedures  were  made  in  the  analyses  of  all  rivers  studied  in  1906,  in 
the  determinations  of  ^suspended  matter,  dissolved  matter,  and 
magnesium;  and  in  the  analyses  of  those  studied  in  1908,  in  magne- 
sium, alkaUes,  and  chlorine. 

In  1906  suspended  matter  was  determined  as  follows:  One  hun- 
dred cubic  centimeters  of  the  well-shaken  samples  were  evaporated 
to  dryness  on  the  water  bath  in  a  tared  silver  dish,  dried  at  100®  C.  for 
one  hour,  cooled,  and  weighed.  The  diflference  between  this  weight 
and  the  weight  of  dissolved  matter,  both  in  parts  per  milUon,  repre- 
sents suspended  matter.  Dissolved  matter  was  determined  as  in  the 
regular  procedure,*  except  that  the  residue  was  dried  at  100°  C.  for 
one  hour.  Magnesium  was  determined  gravimetrically  as  the  pyro- 
phosphate, according  to  the  method  of  Fresenius.*^  Potassium  and 
sodium  were  determined  by  the  indirect  method  from  the  weight  of 
their  combined  chlorides  and  the  amount  of  chlorine  found  by  titrating 
the  aqueous  solution  with  silver  nitrate. 

In  1908  magnesium  was  determined  gravimetrically  as  in  1906, 
suspended  and  dissolved  matter  being  determined  according  to  the 
procedure  outlined  in  Water-Supply  Paper  236.^  Sodium  and 
potassium  were  determined  in  a  separate  250  cubic  centimeter  sample, 
as  follows:  The  sample  in  a  Jena  beaker  was  made  slightly  acid  with 
hydrochloric  acid,  evaporated  to  dryness  on  the  water  bath,  and 
heated  on  the  hot  plate  until  no  acid  odor  could  be  detected.  The 
residue  was  then  digested  with  10  cubic  centimeters  of  hot  distilled 

a  Dole,  R.  B.,  The  quality  of  surface  waters  in  the  United  States,  part  I:  Water-Supply  Paper  U.  8.  Geol. 
Survey  No.  236, 1909,  pp.  ^26. 
b  Dole,  R.  B.,  op.  cit.,  p.  13. 

cFresenius,  C.  R.,  Quantitative  chemical  analysis  (transl.  of  6th  German  ed.;,  vol.  1, 1900,  p.  275. 
4  Dole,  R.  B.,  op.  cit.,  pp.  12, 13. 
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water,  barium  hydrate  was  added  in  slight  excess,  and  the  solution 
was  filtered,  the  precipitate  being  washed  with  hot  distilled  water. 
The  filtrate  from  this  operation  was  heated,  and  calcium  and  barium 
were  removed  by  precipitation  with  anmionium  carbonate  and  filtra- 
tion. The  resulting  filtrate  was  evaporated  to  dryness  in  a  porcelain 
dish,  and  heated  to  remove  ammonium  salts.  The  residue  was  then 
digested  with  4  or  6  cubic  centimeters  of  hot  water,  and  treated  again 
with  ammonium  carbonate  to  insure  complete  removal  of  calcium 
and  barium.  The  solution  was  filtered  into  a  small  platinum  dish,  a 
small  amount  of  hydrochloric  acid  added,  the  solution  evaporated  to 
dryness  and  cautiously  heated  nearly  to  fusion,  cooled,  and  weighed. 
The  residue  in  the  dish  was  then  treated  with  hot  water,  filtered 
through  ashless  filter  paper,  the  paper  being  washed  with  hot  water, 
ignited,  and  weighed  in  the  dish.  The  difference  between  the  weights 
was  calculated  to  ''sodium  and  potassium.''^ 

Chlorine  was  ordinarily  present  in  relatively  large  amounts,  and 
the  amount  of  this  radicle  was  determined  by  direct  titration  of  50 
cubic  centimeters  of  water.  When  the  amount  of  chlorine  exceeded 
40  parts  per  million,  smaller  quantities  of  water  were  used  for  titration, 
or  chlorine  was  estimated  by  the  gravimetric  method. 

EXPRESSION  OF  AlfALYTICAL  RESULTS. 

The  results  of  the  analyses  in  this  paper  are  stated  in  parts  per 
million,  the  ionic  form  of  statement  being  used.^ 

NATURAL  FEATURES. 
GEOGRAPHY. 

The  State  of  California  extends  from  latitude  32°  40'  north  to  42*" 
north.  Its  average  length  is  nearly  800  miles,  its  average  width  is 
about  200  miles,  and  its  area  is  166,980  square  miles.  The  width 
gradually  increases  from  a  little  more  than  150  miles  at  the  northern 
end  to  nearly  300  miles  across  the  south-central  part  of  the  State, 
narrowing  to  about  150  miles  at  the  southern  end. 

Two  principal  mountain  ranges  more  than  100  miles  apart  run 
from  northwest  to  southeast  through  the  whole  length  of  the  State,  a 
broad  valley  lying  between.  The  western  range,  known  as  the  Coast 
Range,  is  made  up  of  numerous  small  ranges.  Named  in  order  from 
San  Francisco  Bay  southward  these  are  the  Mount  Diablo,  Santa 
Cruz,  Santa  Lucia,  San  Rafael,  and  Santa  Ynez.  In  southern  Cali- 
fornia the  Coast  Range  spreads  out  across  the  State  in  a  confused 
mass,  the  Sierra  Madre,  San  Bernardino,  San  Jacinto,  and  other 
chains,  of  which  the  Santa  Ana  and  Ysidro  Mountains  are  of  the 
greatest  importance,  extending  toward  the  south.     North  of  San 

a  Dole,  R.  B.,  op.  clt,  p.  20.  b  Dole,  R.  B.,  op.  clt.,  p.  39. 
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Francisco  Bay  the  Coast  Range  is  made  up  of  the  St.  Helena,  Trinity, 
and  Siskiyou  mountains,  with  smaller  ranges  between  these  and  the 
coast.  The  great  eastern  range,  the  Sierra  Nevada,  forms  the  eastern 
boundary  of  the  State  for  a  great  part  of  the  distance.  The  Klamath 
Mountains  of  volcanic  origin  cross  the  north  end  of  the  State,  forming 
a  sort  of  barrier  between  California  and  Or^on;  and  the  Tehachapi, 
lying  between  the  Coast  Range  and  the  Sierra  in  the  south-central 
part  of  the  State,  forms  the  line  of  division  between  northern  and 
southern  California. 

The  Grreat  Valley,  lying  between  the  Coast  Range  and  the  Sierra 
Nevada,  is  about  400  miles  long  and  from  40  to  50  miles  wide.  Other 
large  valleys,  some  of  which  are  fertile  and  others  waterless  and 
barren,  lie  between  the  smaller  ranges  of  the  coast.  South  of  the 
Sierra  Madre  and  between  the  coast  and  the  San  Jacinto  Mountains 
lies  the  far-famed  *' orange  belt''  of  California,  while  beyond  the^e 
mountains  are  the  Colorado  Desert  and  the  Salton  Sea. 

For  the  greater  part  of  its  length  the  Coast  Range  follows  the  shore 
line  so  closely  that  few  large  rivers  flow  directly  into  the  ocean,  and 
only  one  of  these — Salinas  River — is  navigable.  There  are  therefore 
very  few  natural  inlets  or  harbors. 

CLIMATE. 

A  great  variety  of  climate,  ranging  from  fairly  humid  in  the  north- 
western redwood  belt,  through  semiarid  in  the  Great  Valley,  to  desert 
in  the  eastern  and  southeastern  parts  of  the  State,  renders  it  difficult 
to  discuss  this  subject  briefly.  The  mean  annual  rainfall  varies  from 
1  inch  to  75  inches  in  different  localities,  the  extremes  ranging  from 
0  to  over  100  inches.  Temperatures  show  equally  wide  variation. 
In  the  desert  monthly  mean  temperatures  not  much  below  100°  are 
common,  with  an  extreme  of  130°.  In  the  Sierras  in  the  vicinity  of 
Lake  Tahoe  a  temperature  of  —30°  has  been  recorded,  and  on  other 
high  peaks  temperatures  ranging  from  — 17°  to— 30°  are  common. 
Snowfall  is  in  general  confined  to  the  central  and  northern  parts  of 
the  State  and  to  the  mountains  of  the  south. 

Prof.  E.  W.  Hilgard,  of  the  University  of  California,  sunmiarizes 
the  climates  of  the  various  sections  of  the  State  as  follows: 

(1)  Bay  and  coast  region  characteristics:  Small  range  of  temperature,  the  extremes 
being  only  53®  apart.  Means  of  summer  and  winter  are  only  6°  apart.  There  is  no 
intense  heat,  and  frosts  are  very  rare.  Fogs  from  the  sea  are  quite  common  on  summer 
afternoons.  Rainfall  averages  27.3  inches,  about  25  inches  of  which  falls  between 
December  and  May. 

(2)  Great  Valley  characteristics:  Average  winter  temperatures  lower  than  those 
of  the  coast,  though  minimum  is  about  the  same.  Frosts  are  rare.  Summer  heat 
is  very  intense,  often  above  100°.  The  nights  are  warm,  but  dry,  and  are  therefore 
less  oppressive.  Extreme  range  of  temperature  76°,  mean  i^nge  23.6°.  Rainfall 
averages  about  21.5  inches,  of  which  19.8  inches  fall  between  December  and  May. 


Digitized  by  VjOOQ IC 


HYDROGRAPHY. 


11 


(3)  Sierra  slope  characteristics:  Cool  summers  with  frequent  thunderstorms. 
The  winters  are  often  severe,  with  much  rain  and  snow.  Mean  summer  temperatures, 
57.5°,  with  a  mean  range  of  14°  between  that  and  the  winter  temperature  of  43.5°. 
Rainfall  averages  57.24  inches,  fairly  well  distributed  throughout  the  season. 

Besides  these  general  types  there  are  many  local  varieties.  The 
predominant  features  can  be  inferred  from  an  examination  of  the 
accompanying  table,  which  presents  summarized  data  for  the  prin- 
cipal stations  of  the  Weather  Bureau. 

Temperature  and  precipitation  at  principal  stations  of  the  Weather  Bureau  in  the  State  of 

(California. o^ 


Location. 


Temperature  (degrees 
Fahrenheit). 


Mean.    ■  Extremes. 


Precipitation 
(inches).   , 


Mean.      Extremes. 


Eureka 

Red  Bluff 

Sacramento 

San  Francisco 

San  Jose 

Fresno 

Independence 

San  Luis  Obispo. 
San  Diego 


61.5 
62.4 

eo.o 

56.1 
58.1 
63.0 

sa? 

58.9 
61.4 


84-20 
114-18 
110-19 
100-29 
104-18 
114-20 
105-11 
106-24 
101-32 


46.04 
25.40 
19.41 
22.75 
14.88 
10.13 

2.78 
17.32 

9.62 


59.62-30.91 
49.01-12.91 
34.92-  8.44 
49. 27-  7. 40 
25.55-6.51 
19.45-  4.94 
4.22-2.76 
26.3^  6.93 
27.69-  3.02 


aU.  S.  Dept.  Agr.,  Weather  Bureau,  Bulletin  L. 


HYDROGRAPHY. 


DRAINAGE  AREAS. 


California  may  be  divided  into  five  great  hydrographic  provinces: 

1.  The  north  Pacific  Ocean  drainage,  comprising  that  portion  of 
the  State  lying  between  the  Oregon  Hne  on  the  north  and  the  Golden 
Gate  on  the  south,  the  Pacific  Ocean  on  the  west  and  the  Coast  Range 
on  the  east.  It  is  a  heavily  wooded,  broken  country,  contains  several 
large  rivers,  and  occupies  13  per  cent  of  the  State. 

2.  San  Francisco  Bay  drainage,  consisting  of  that  portion  of  the 
State  bounded  by  the  Sierra  on  the  east,  the  Coast  Ranges  on  the 
west,  the  Klamath  Mountains  on  the  north,  and  the  Tehachapi  on 
the  south.  This  basin  divides  into  two  smaller  areas,  one  drained 
by  the  Sacramento,  whose  valley,  lying  between  the  Coast  Ranges 
and  the  Sierra  on  the  east,  slopes  gradually  southward  from  Klamath 
Mountains;  the  other,  which  contains  the  San  Joaquin  and  Tulare 
valleys,  comprising  the  area  lying  between  the  Coast  and  Mount 
Diablo  ranges  on  the  west  and  the  Sierra  on  the  east  and  sloping 
gradually  northward  from  the  Tehachapi.  These  two  basins  unite 
at  Suisun  Bay,  where  a  break  in  the  coastal  mountains  allows  their 
confluent  waters  to  flow  through  the  Straits  of  Carquinez  into  San 
Francisco  Bay. 
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3.  The  south  Pacific  Ocean  dramage,  extendmg  from  the  Golden 
Gate  on  the  north  to  the  Mexican  line  on  the  south  and  bordered 
on  the  east  by  the  Coast  Ranges,  San  Bernardino  Mountains,  and 
San  Jacinto  Mountains.  In  this  area  are  many  fertile  valleys,  most 
important  of  which  is  the  valley  of  southern  California,  the  center  of 
the  citrus  mdustry  of  the  State. 

4.  The  interior  basin,  including  all  the  land  east  of  the  Sierra  and 
comprising  two  lesser  divisions,  designated,  respectively,  the  minor 
Great  Basin  and  the  Sierra  subdrainage.  The  waters  of  the  interior 
basin  are  entirely  landlocked,  either  sinking  into  the  sands  of  the 
deserts,  as  do  the  river  waters  of  the  Mohave  Desert,  or  flowing  into 
dead  seas,  as  do  Owens  and  Susan  rivers. 

5.  Colorado  River  drainage,  which  includes  a  very  small  portion 
of  the  southeastern  comer  of  the  State  in  San  Bernardino,  Riverside, 
San  Diego,  and  Imperial  counties.  In  general  this  area  drains  into 
Colorado  River,  but  a  considerable  part  of  it  discharges  its  run-oflf 
into  Salton  Sea,  which  lies  at  the  northern  end  of  Imperial  Valley 
in  a  depression  273^  feet  below  sea  level."  This  inland  sea,  or  sink, 
receives  whatever  drainage  there  is  from  the  Coachella  Valley  on  the 
northwest  and  from  the  Imperial  Valley  on  the  southeast. 

LAKES. 

The  total  water  surface  of  California,  including  San  Francisco  Bay, 
is  2,205  square  nules,^  in  greater  part  large  inland  lakes.  Chief 
among  these  lakes  may  be  mentioned  Lake  Tahoe,  at  an  elevation 
of  6,225  feet;*  Honey  Lake,  3,949  feet  above  sea  level;  Owens  Lake, 
approximately  3,600  feet;  Tulare  Lake,  averaging  about  200  feet  in 
elevation;  and  Salton  Sea,  whose  surface  on  December  31, 1908,  stood 
206  feet  below  sea  level  and  whose  volume  is  slowly  diminishing. 
Parts  of  Little  Klamath  and  Goose  lakes  are  in  Oregon,  and  a  part  of 
Lake  Tahoe  is  in  Nevada.  The  parts  of  the  surfaces  of  these  lakes 
that  are  outside  the  borders  of  California  have  been  omitted  in  calcu- 
lating the  total  water  surface. 

Many  of  the  lakes  of  the  State,  such  as  Tahoe,  Goose,  Little  Kla- 
math, and  Eleanor,  are  fresh,  draining  regularly  through  some  well- 
defined  outlet.  Others,  as,  for  example,  Tulare  Lake,  have  an  irreg- 
ular drainage,  discharging  through  a  regular  channel  during  periods 
of  flood,  but  becoming  at  other  times  landlocked  seas.  Still  others 
have  no  outlets  whatever  and  retain  their  size  only  by  means  of  the 
adjustment  between  the  inflowing  waters  and  percolation  and  sur- 

oClapp,  W.  B.,  The  surface  water  supply  of  CaUfomia,  1906:  Water-Supply  Paper  U.  S.  Geol.  Survey 
No.  213,  1907,  p.  30. 

b  Gannett,  Henry,  The  areas  of  the  United  States,  the  States,  and  the  Territories:  Bull.  U.  S.  deol. 
Survey  No.  302, 1906,  p.  5. 

c  Gannett,  Henry,  A  dictionary  of  altitudes  In  the  United  States,  4th  edition:  Bull.  U.  S.  Geol.  Survey 
No.  274, 1906,  p.  131. 
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face  evaporation.  In  this  class  are  Owens  and  Mono  lakes  and  Salton 
Sea.  The  mineral  content  of  the  waters  of  these  various  lakes  ranges 
from  almost  nothing  in  the  snow-fed  lakes  of  the  Sierra  to  thousands 
of  parts  per  million  in  some  of  the  inland  seas.  No  extended  study 
of  all  these  lakes  has  been  made,  but  a  few  analyses  are  here  recorded. 
Owens  Lake,  however,  is  treated  in  somewhat  greater  detail,  for  this 
body  of  water  is  one  of  the  State's  valuable  economic  assets.  Less 
exhaustive  studies  are  recorded  of  Salton  Sea,  which  is  at  present 
attracting  the  attention  of  engineers  and  scientists  because  it  affords 
possibilities  for  solving  some  of  the  important  problems  of  evapora- 
tion and  concentration. 

FLOODS. 

The  two  periods  of  high  water  in  the  streams  of  California  are 
caused  by  the  rainfall  of  the  wet  season  and  by  the  melting  of  snow. 
The  early  rains  of  the  wet  season  soak  into  the  ground  and  increase 
the  stream  flow  to  only  a  slight  extent.  Later  winter  rains,  usually 
heavier  and  more  prolonged,  fall  on  saturated  ground  and  produce 
floods.  The  soil  covering  of  humus  and  organic  detritus  upon  the 
drainage  area  is  washed  into  the  streams,  especially  where  forests  and 
vegetation  are  scant. 

The  later  floods  depend  for  their  size  and  violence,  first,  on  the 
amount  of  snow  on  the  ground  at  the  close  of  winter;  second,  on  the 
age  of  this  snow;  and,  third,  on  the  rapidity  of  climatic  change. 
That  the  amount  of  snow  is  an  important  factor  is  obvious;  that  its 
age  also  is  important  requires,  perhaps,  a  word  of  explanation. 
Newly  fallen  snow,  if  moderately  dry,  settles  upon  the  ground  as  a 
light,  feathery  covering.  Resting  there  it  slowly  settles  from  its  own 
weight,  becoming  continually  denser  and  more  compact.  Each  suc- 
cessive snowfall  presses  the  already  compacted  mass  still  farther,  and 
the  process  of  settling  continues  until  the  mass  attains  a  hard,  icelike 
consistency  similar  to  that  of  glacier  ice.  Snow  so  compacted  melts 
more  slowly  than  that  recently  fallen.  The  third  factor — rapidity  of 
climatic  change — is  important,  because  slow  increase  of  temperature 
will  cause  slow  melting,  while  a  rapid  increase,  especially  if  accom- 
panied by  rain,  will  cause  very  rapid  melting. 

The  snow-covered  areas  in  CaUfomia  he  in  regions  of  rough  and 
broken  topography  and  much  of  the  underlying  soil  is  frozen.  The 
melting  snow  therefore  yields  a  very  high  percentage  of  run-off  and 
very  little  of  the  soil  covering  is  carried  into  the  streams,  the  small 
amount  so  carried  being  for  the  most  part  in  a  finely  divided  state. 
Hence,  although  many  of  the  floods  are  of  great  magnitude  they  are 
unaccompanied  by  a  large  increase  in  turbidity. 
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Floods  caused  by  the  rainfall  of  the  wet  season  occlir  m  all  parts 
of  the  State;  those  caused  by  the  meltmg  of  the  snow  occur  only  on 
streams  which  drain  the  higher  mountain  regions. 

The  rivers  of  the  southern  coastal  region  are  perhaps  most  subject 
to  sudden  floods.  Most  of  these  streams  are  short  "arroyos,"  which 
are  without  flow  during  the  dry  season,  but  which  become  swollen  to 
raging  torrents  during  the  heavier  rains  of  the  middle  and  late  winter. 
It  has  been  found  by  measurement  that  over  one-half  of  the  total 
annual  discharge  of  some  of  these  streams  occurs  during  a  period  of 
two  weeks  or  less. 

The  winter  floods  of  the  Sacramento  and  San  Joaquin  are  due 
primarily  to  the  very  heavy  rainfall  in  the  mountain  regions  and  to 
the  steep  slopes  of  the  tributary  streams.  Many  of  these  rains  occur 
simultaneously  on  both  sides  of  the  valley  and  tliroughout  its  extent. 
The  tributary  streams,  swollen  to  flood  size,  pour  their  waters  into 
the  main  river  valley,  causing  great  loss  of  property  and  temporary 
blocking  of  transportation,  both  by  land  and  water.  These  rivers  are 
also  subject  to  severe  floods  during  the  spring,  when  the  snows  that 
have  accumulated  on  the  Sierra  slopes  in  the  winter  are  melted. 
Flowing  off  from  the  already  saturated  groimd,  these  snow  waters 
form  spring  flot)ds,  some  of  which  equal  or  surpass  in  magnitude  those 
of  the  winter  season. 

Ordinarily  floods  on  a  watershed  wash  off  the  finely  divided  surface 
soil  and  humus  and  carry  these  rich  materials  downstream  to  be 
deposited  in  the  lower  valleys.  Great  alluvial  fans  and  fertile  val- 
ley lands  have  thus  been  formed.  But  the  flood  waters  of  the  Sac- 
ramento Valley  have  washed  also  from  the  hillsides  immense  quan- 
tities of  material  left  by  the  placer  miner  and  deposited  it  along  the 
lower  reaches  of  the  streams.  In  thirty  years  the  bed  of  Yuba  River 
alone  has  been  raised  at  Marysville  between  20  and  30  feet  and  at 
the  mouth  of  the  canyon  more  than  100  feet.*  This  mass  of  detritus 
is  not  rich  alluvial  matter  that  will  benefit  the  country  over  which 
it  is  spread,  but  is  composed  of  rock,  gravel,  and  granitic  sand  which 
will  not  sustain  vegetation.  Rivers  which  were  formerly  clear  and 
navigable  are  now  shallow,  turbid  streams,  with  broad,  shifting  bot- 
toms, and  even  constant  dredging  scarcely  serves  to  keep  them  open 
to  vessels. 

INDUSTRIAL  DEVELOPMENT. 

Up  to  the  time  of  the  discovery  of  gold  settlements  in  California 
were  mostly  clustered  about  places  which  had  been  chosen  for  tlie 
establishment  of  the  missions.  These  places  either  afforded  good 
harbors,  as  San  Diego  and  San  Francisco,  or  possessed  good  agricul- 
tural and  grazing  lands,  as  Santa  Barbara,  San  Gabriel,  Soledad,  and 

a  Report  of  State  Engineer  of  California  for  1908,  p.  160. 
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San  Juan.  Later  those  interested  went  farther  into  the  interior  to 
the  fertile  valleys  of  the  Sacramento  and  San  Joaquin,  but  never  far 
from  streams  of  good  size.  Thus  at  this  period  the  settlements  were 
confined  almost  wholly  to  the  coast  and  to  the  navigable  streams  of 
the  State.  When  gold  was  discovered  a  rush  for  the  mountains 
immediately  began,  and  numerous  little  mining  communities  sprang 
up  along  the  smaller  creeks  in  the  hills.  Gradually  commercial  cen- 
ters formed  on  the  coast  and  in  the  valleys — ^markets  through  which 
the  agriculturists  found  an  outlet  for  their  products  and  from  which 
the  mining  population  could  obtain  its  supplies.  With  the  growth 
of  the  State  other  industries  developed,  such  as  lumbering  and  fishing. 
As  the  products  of  the  country  became  more  numerous  and  diversi- 
fied, manufactiuing  of  various  kinds  took  its  place  with  the  other 
industries. 

The  mineral  output  of  California  includes  gold,  silver,  copper,  mer- 
cury, bituminous  coal,  granite,  sandstone,  cement,  borax,  i>etroleum, 
mineral  waters,  salt,  and  building  stones. 

Irrigation  is  carried  on  extensively  in  all  parts  of  the  State,  both 
surface  and  underground  waters  being  used.  The  largest  irrigated 
districts  at  present  are  in  the  San  Joaquin  and  Sacramento  valleys, 
which  derive  the  greater  part  of  their  waters  from  the  Sierra  streams. 
Smaller  districts  in  the  valleys  are  watered  from  undergroimd  supplies. 

The  most  important  field  crops  of  the  State  are  hay,  wheat,  barley, 
and  potatoes.  Sugar  beets  are  cultivated  extensively  in  the  San 
Joaquin  and  Salinas  valleys.  Citrus  fruits,  peaches,  plums,  pears, 
and  apples  are  the  chief  orchard  products. 

According  to  the  census  of  1900  there  were  over  12,000  manufac- 
turing establishments  in  the  State.  These  had  a  combined  capital 
of  $205,000,000  and  had  products  valued  at  $303,000,000.  The 
products  include  ipining  and  agricultural  machinery;  lumber  for 
building;  tanning  and  dressing  of  leather;  woolen  goods;  flouring 
mills;  silk  fiber  and  fabrics;  wine  and  brandy;  refined  sugar,  sirup, 
and  candies;  grain  bags;  dynamite;  giant  powder;  and  heavy  chem- 
icals for  mining  use. 

The  census  of  1900  reported  also  6,890  persons  employed  in  the 
fisheries  of  California,  $3,278,500  invested  as  capital,  and  product 
valued  at  $4,872,620.  The  products  include  oysters,  herring,  sal- 
mon, whale,  and  seals. 

The  principal  trading  centers  of  California  are  San  Francisco  and 
Los  Angeles.  Smaller  trading  centers  located  in  the  valleys,  such  as 
Sacramento,  Stockton,  Fresno,  and  Bakersfield,  are  points  of  ship- 
ment for  the  products  of  these  regions.  San  Bernardino,  Riverside, 
Redlands,  and  San  Diego  are  the  greatest  centers  for  the  shipment  of 
citrus  fruits;  Sacramento  and  San  Joaquin  valleys  for  the  shipment 
of  grain  and  deciduous  fruits  and  grapes;  and  the  north  Pacific  coast. 
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in  the  vicinity  of  Mendocino  and  Humboldt  counties,  for  the  ship- 
ment of  redwood  Imnber. 

NORTH  PACIFIC  OCEAN  DRAINAGE. 

DESCRIPTIOlf. 

The  north  Pacific  Ocean  drainage  basin  comprises  a  total  area  of 
20,000  square  miles  and  includes  the  counties  of  Del  Norte,  Hum- 
boldt, Trinity,  and  Mendocino,  the  greater  part  of  Siskiyou,  Modoc, 
and  Sonoma  counties,  and  a  portion  of  Marin  County. 

The  principal  streams  of  this  basin  are  the  Klamath  (whose  chief 
tributary  is  Trinity  River),  Eel,  and  Russian  rivers.  The  basin 
contains  also  many  other  smaller  but  important  streams.  The 
larger  streams  fluctuate  in  flow  and  their  channels  are  as  a  rule 
normal  to  the  mountain  ranges  until  they  reach  their  middle  courses. 
Here,  with  one  notable  exception,  they  turn  to  the  northwest, 
flowing  through  long,  deep  valleys  to  the  coast.  Immediately 
before  entering  the  ocean  they  bend  sharply  to  the  west  and  join  the 
sea  at  right  angles  to  the  coast  line.  The  exception  noted — Russian 
River — flows  in  a  general  southeasterly  direction  through  its  upper 
and  middle  course,  then,  turning  sharply  toward  the  sea,  it  enters 
it  from  the  northwest.  Most  of  the  shallow  coastal  streams  flow 
through  short,  steep  valleys  directly  from  the  mountains  to  the 
ocean,  cutting  deep  gorges  in  the  soft  sedimentary  rocks  of  the 
coastal  terraces. 

As  rainfall  is  generally  abundant  throughout  this  region,  the 
stream  flow  is  large,  both  in  winter  and  in  summer,  and  the  rivers 
swell  into  torrents  in  the  rainy  season  and  on  the  melting  of  the 
snows. 

Little  has  been  written  on  the  geology  of  the  Coast  Ranges;  hence 
it  is  not  possible  even  to  summarize  with  accuracy  or  completeness 
the  rock  types  there  present.  The  few  general  statements  made 
are  based  on  the  work  of  Professor  Lawson,"  or  on  personal  observa- 
tion. The  oldest  rocks  of  the  area  are  probably  granitic  igneous 
rocks  and  pre-Cretaceous  sediments.  Overlying  these  are  various 
later  gravels,  clays,  sandstones,  shales,  and  conglomerates,  for  the 
most  part  soft  and  easily  weathered,  and  intruded  here  and  there 
by  basic  eruptives.  Many  of  these  later  sedimentaries  have  great 
thickness. 

The  soil  is  thin  or  lacking  in  the  higher  altitudes,  but  the  middle 
and  coastal  sections  of  the  area  are  characterized  by  a  deep,  rich  soil 
which  bears  a  heavy  stand  of  redwood.  The  great  fertility  of  this 
soil    and    the   generally   suflicient    rainfall    render    agriculture    very 

o  Lawson,  A.  C,  Qeoraorphology  of  the  coast  of  northern  California:  Bull.  Geoi.  Dept.  Univ.  Callfcmia, 
vol.  1,  No.  8. 
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profitable,  and  where  transportation  facilities  exist,  as  in  the  valley 
of  Russian  River,  extensive  farming  industries  are  maintained. 

The  forests  of  the  north  Pacific  coast  area  are  among  the  most 
extensive  in  the  State.  According  to  figures  of  the  United  States 
Forest  Service  "  there  are  within  the  Siskiyou,  Klamath,  and  Trinity 
national  forests,  lying  chiefly  in  this  drainage  basin,  560,670  acres, 
containing  5,211,360,000  feet  b.  m.  of  timber.  The  national  lands 
of  these  forests  comprise  3,820,195  acres,  upon  which  is  standing 
31,505,337,000  feet  b.  m.  of  timber.  According  to  an  estimate  made 
by  Merrill  and  Hodge  for  the  Forest  Service,  the  coast  redwood  region, 
all  of  which  is  within  this  drainage  area,  contains  76,000,000,000  feet 
b.  m.  of  redwood  timber.  There  are  abo  many  square  miles  of  pri- 
vately owned  timber  land  in  Humboldt,  Mendocino,  Sonoma,  and 
Marin  counties,  upon  which  a  varied  growth  of  evergreens  is  found. 
In  Mendocino  and  Humboldt  counties  lumbering  is  a  principal 
industry,  and  the  coast  cities  of  Eureka,  Areata,  Fort  Bragg,  and 
Mendocino  owe  their  existence  chiefly  to  the  lumber  trade.  The 
private  lands  are  fast  being  deforested  by  large  lumber  camps, 
whose  operations  cause  ever-increasing  danger  from  forest  fires, 
floods,  and  summer  droughts. 

The  climate  of  the  area  is  cool,  the  mean  annual  temperature 
being  51.2°  at  Eureka,  56.1''  at  Healdsburg,  57.6''  at  Ukiah,  and 
52.2°  at  Point  Reyes.  It  is  slightly  cooler  on  the  coast  than  in  the 
interior.  In  summer  the  coastal  region  is  visited  by  heavy  fogs, 
which  sometimes  persist  for  weeks.  During  these  months  the 
rainfall  is  slight,  but  in  the  winter  the  precipitation  ranges  from 
about  30  inches  in  Russian  River  Valley  to  more  than  120  inches  in 
the  northernmost  section.  The  rainfall  in  the  coastal  region  prob- 
ably ranges  from  about  25  inches  in  the  southern  part  to  about  60 
inches  in  the  northern. 

The  population  of  the  area,  except  along  the  coast  and  in  the  val- 
ley of  Russian  River,  is  small.  Trinity  County,  in  the  mountainous 
inland  district,  has  a  population  of  less  than  5,000 ;  Del  Norte  County, 
an  isolated,  inaccessible  region,  has  only  half  that  number.  Most  of 
the  inhabitants  are  concentrated  in  the  coastal  cities  of  Humboldt 
Bay  and  in  the  middle  and  lower  valley  of  Russian  River.  The  total 
population  of  the  entire  drainage  area  is  about  95,000.* 

The  principal  industries  of  the  northern  portion  of  the  drainage 
basin  are  lumbering  and  dairying.  Wherever  the  lumber  has  .been 
cleared  dairying  is  the  chief  occupation.  The  abundant  rainfall,  rich 
soil,  rolling  hills,  and  pure  water  well  adapt  this  section  to  the  dairy 
industry,  and  it  yields  some  of  the  finest  dairy  products  of  the  State. 

a  Data  submitted  by  L.  D.  Woodbury,  Forest  Service,  U.  S.  Dept.  Agr.,  San  Fraoclsoo,  Cal. 
b  CaUfomla  Blue  Book  for  1006. 

35560— IBB  237—10 2 

Digitized  by  VjOOQIC 


18  QUALITY  OF   CALIFORNIA  SURFACE   WATERS. 

The  southern  portion  of  the  drainage  area,  represented  by  the  valley 
of  Russian  River,  is  given  over  chiefly  to  vineyard  and  hop  industries. 

WESTERN  SUBDRAINAGE. 

MAD    RIVER. 
DESCRIPTION. 

Mad  River  rises  near  the  Yallo  Bally  Mountains,  in  the  Trinity 
Range,  and  flows  in  a  general  northwesterly  direction  to  the  Pacific 
Ocean.  Its  basin  is  separated  by  the  South  Fork  Mountains  from 
the  valley  of  Trinity  River  on  the  northeast  and  by  steep  broken 
ridges  from  the  basin  of  Eel  River  on  the  southwest.  Its  valley  is 
long  and  narrow,  and  it  receives  no  tributaries  of  importance.  The 
broken  hills  are  of  sedimentary  rocks — clays,  sandstones,  and  con- 
glomerates forming  the  greater  part  of  the  strata.  Forestation  is 
heavy,  lumbering  is  the  principal  occupation  near  the  coast,  and  the 
cleared  lands  are  used  for  dairying. 

The  river  has  a  steep  grade  and  in  times  of  flood  it  is  very  danger- 
ous. Its  violence  at  these  times  suggested  its  name.  As  the  basin 
receives  an  abundant  winter  rainfall  the  run-off  is  large,  but  unfor- 
tunately it  has  not  been  measured. 

At  Blue  Lake  Mad  River  emerges  from  its  narrow  valley  and  flows 
for  a  short  distance  in  a  sinuous  course  over  a  sandy  plain,  finally 
entering  another  narrow  valley  farther  down. 

CHARACTER  OP  WATER. 

A  sample  of  water  was  taken  from  Mad  River  directly  opposite  the 
lumber  town  of  Blue  Lake  on  June  10,  1908.  At  this  time  the  river 
was  at  medium  low  stage,  the  velocity  was  high,  and  the  water  was 
free  from  suspended  matter.  At  the  point  where  the  sample  was 
taken  the  river  bottom  was  of  gravel,  with  short  reaches  of  coarse 
sand. 

The  following  analyses  show  the  character  of  this  sample  and  of  a 
sample  taken  from  Mad  River  a  few  miles  below  Blue  Lake  later  in 
the  year,  through  the  kindness  of  Mr.  J.  B.  Lentell,  of  Eureka.  As 
but  little  drainage  water  enters  the  river  between  the  points  of 
sampling,  the  analyses  are  fairly  comparable.  The  later  sample  was 
taken  in  the  dry  season,  as  the  analysis  clearly  shows. 
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Analyses  of  water  from  Mad  River  near  Blue  Lake,  Calif  omia. 
[Analyst,  Walton  Van  Winkle.    Quantities  in  parts  per  million.] 


Silica  (SiOs) 

Iron  (Fe) 

Calcium  (Ca) 

Magnesiam  (lig) 

Sodium      and       potassium 

(Na+K) 

Carbonate  radicle  (COi) 


1. 

2. 

9.2 

8.0 

.03 

.16 

21 

34 

4.3 

6.7 

ft.3 

10 

0.0 

ao 

Bicarbonate  radicle  (HCOs). 

Sulphate  radicle  (800 

Chlorine  (CI) 

Nitrate  radicle  (NOs) 

Total  solids 

Turbidity 


77 
13 
3.9 
.28 
92 
Trace. 


127 
21 
0.3 
.78 
153 
Trace. 


1.  Sample  collected  by  Walton  Van  Winkle,  June  10, 1908,  at  Blue  Lake,  California.    Water  at  medium 
low  stage. 

2.  Sample  collected  by  J.  B.  Lenteil,  on  or  about  October  1, 1908,  near  mouth  of  Bug  Creek.    Discharge 
estimated  at  60Q-700  inches. 

These  analyses  indicate  that  although  the  river,  even  at  low  stage, 
contains  little  dissolved  mineral  matter,  yet  the  variation  in  mineral 
content  between  high  and  low  stages  is  considerable.  In  June,  1908, 
at  time  of  moderately  low  stage,  the  total  dissolved  solids  were  92 
parts  per  million.  The  flood  waters  of  the  winter  undoubtedly  con- 
tain much  less  dissolved  matter  than  that  shown  by  the  analysis  of 
sample  1,  taken  in  June. 

The  chlorine  content  is  low — about  what  might  be  expected  in  a 
coastal  stream.  Chlorine  is  an  ever-present  constituent  of  atmos- 
pheric water,  the  quantity  being  greatest  near  the  sea  and  diminishing 
rapidly  inland.  This  is  strikingly  shown  by  the  **isochlors" — lines 
of  equal  normal  chlorine — which  have  been  platted  for  the  unpolluted 
waters  of  various  locaUties  and  which  follow  rather  closely  the  contour 
of  the  coast  line.  The  small  chlorine  content  of  the  samples  analyzed 
does  not  show  the  presence  of  the  surface  saline  deposits  found  so 
abundantly  in  some  parts  of  the  State.  Indeed,  even  had  such 
deposits  been  present  at  some  former  time,  the  heavy  rainfall  of  the 
region  would  long  since  have  washed  them  out  into  the  streams  and 
thence  to  the  ocean,  as  such  saline  beds  can  persist  only  in  regions  of 
generally  deficient  rainfall. 

The  principal  basic  material  present  is  calcium;  the  chief  acid 
constituents  are  carbonates  and  sulphates.  The  greater  portion  of 
the  nitrates  found  is  probably  due  to  vegetal  material  from  upstream 
lumbering  and  is  not  the  result  of  animal  decomposition. 

Engineers  familiar  with  this  river  state  that  the  water  has  at  times 
a  decided  reddish  color,  due  to  the  dissolved  organic  matter  from  the 
cut  lumber.  At  such  times,  it  is  said,  the  water  has  an  unpleasant 
laxative  effect  and  is  not  well  adapted  for  drinking.  Aside  from  this 
it  would,  if  properly  protected  from  bacterial  pollution,  make  an 
acceptable  town  supply.  The  water  is  of  first  grade  for  steaming 
and  would  give  little  or  no  trouble  in  boilers. 

Another  evil  resulting  from  the  lumbering  industry  is  the  clogging 
of  the  streams  by  sawdust,  which  not  only  increases  the  organic  ma- 
terial in  the  water,  but  drives  away  trout  and  other  fish. 
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At  present  the  principal  timber  cut  along  Mad  River  is  the  redwood. 
Eventually  the  fir  and  pine  forests  bordering  the  redwood  belt  will  be 
attacked,  and  it  is  possible  that  paper  mills  will  be  introduced.  The 
waters  of  Mad  River  are  well  adapted  to  paper-mill  use,  as  the  small 
amounts  of  objectionable  matter  present  could  be  removed  by  slight 
treatment. 

EEL   RIVER. 
DESCRIPTION. 

Eel  River  rises  on  the  eastern  border  of  Mendocino  County  and 
flows  in  a  northwesterly  direction  into  Humboldt  Bay.  Its  basin  is 
separated  from  that  of  Mad  River  on  the  northeast  by  a  broken  range 
of  mountains,  and  from  the  valleys  of  Bear  Creek,  Mattole  River,  and 
the  ocean  drainage  by  the  rough  summits  of  the  Bear  River,  Rainbow, 
and  Elk  ridges.  It  receives  numerous  tributaries,  of  which  the  chief 
and  only  large  one,  aside  from  its  three  main  forks,  is  Van  Duzen 
Fork.  This  stream,  flowing  from  the  east,  joins  the  main  river  above 
Alton.  The  total  area  of  the  basin  is  approximately  488  square 
miles." 

The  valley  of  Eel  River  is  long  and  narrow  and  is  broken  near  the 
source  into  a  fan-shaped  series  of  smaller  valleys.  The  surface  of 
the  basin  is  rough  and  irregular,  deep  canyons  and  valleys  marking 
the  courses  of  the  streams  and  high  plateaus  forming  the  tops  of  the 
ridges.  The  valleys  have  the  general  southeast-northwest  trend 
common  to  all  the  valleys  of  this  portion  of  the  State. 

The  soil  is  rich  and  deep  near  the  coast  and  thins  out  toward  the 
summits  of  the  coast  ranges.  The  geologic  formations  include  clays, 
sandstones,  schists,  and  shales,  with  intrusions  of  basic  igneous  rocks, 
of  which  the  ferromagnesian  silicates  form  a  large  portion.  Forests 
are  found  in  all  parts  of  the  valley,  the  lower  course  of  the  river  lying 
across  the  great  coastal  redwood  region.     Rainfall  is  plentiful. 

Along  the  upper  reaches  of  the  stream  there  are  few  habitations, 
but  toward  the  mouth,  from  Pepperwood  to  Humboldt  Bay,  there  is  a 
constantly  increasing  population,  chiefly  in  lumber  camps  and  dairy 
farms. 

The  river  bottom  is  rocky  near  its  source,  gradually  becoming 
gravelly  and  finally,  near  the  coast,  sandy.  Some  distance  above 
Fortuna  the  river  leaves  its  narrow  canyon  and  flows  out  through  its 
broad,  flat  coastal  plain. 

CHARACTER  OF  THE  WATER. 

A  sample  of  the  water  of  Eel  River  was  taken  at  the  ferry  at  For- 
tuna on  June  11,  1908,  the  river  being  at  that  time  at  moderately  low 
stage.     At  this  point  the  bed  of  the  stream  is  sandy,  the  river  flowing 

a  Hall,  W.  H.,  Physical  data  and  statistics  of  California,  p.  386. 
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in  a  winding  course  and  with  swift  current.     Results  of  ttie  analysis 
of  the  sample  are  here  presented : 

Analyns  o/ivaterfrom  Eel  River  at  Fortuna, 
(Analyst,  Walton  Van  Winkle.    QiianUUes  in  pArts  per  million.] 


SUica  (SiOj) 9. 4 

Iron(Fe) 18 

C^cium  (Ca) 23 

Magnesium  (Mg) 7.0 

Sodium  and  potaadum  (Na-f  K) .        8. 5 

Carbonate  ladicle  (CO,) 2. 4 

CoUeoted  June  11, 1908,  by  Walton  Van  Winkle. 


Bicarbonate  radicle  (HCO,) 96 

Sulphate  radicle  (SO4) 21 

Chlorine  (CI) 4.9 

Nitrate  radicle  (NO,) 2 

Total  solids 112 

Turbidity Trace. 


This  analysis  indicates  that  the  water  resembles  that  of  Mad  River, 
except  that  it  shows  some  normal  carbonate  alkalinity  and  also  a 
higher  magnesium  content  in  proportion  to  its  total  dissolved 
minerals. 

It  is  said  that  the  water  of  this  river  also  causes  unpleasant 
diuretic  effects,  due  to  organic  matter  added  to  the  stream  by  lum- 
bering operations;  but  aside  from  this,  if  proper  precautions  were 
taken  to  remove  bacteria,  the  river  would  be  a  suitable  source  of 
supply  for  town  use.  It  is  well  adapted  for  use  without  treatment  for 
dairying  and  similar  industries.  At  high  stages  it  would  undoubtedly 
be  low  in  dissolved  minerals,  and  the  small  amount  of  suspended 
matter  could  readily  be  removed.  The  water  may  be  used  without 
treatment  for  steam  making. 

NOYO  RIVER. 
DESCRIPTION. 

Noyo  River  is  a  small  stream  rising  in  the  Coast  Range  near  Sher- 
wood, in  the  central  part  of  Mendocino  County,  flowing  generally 
eastward,  and  emptying  into  the  Pacific  Ocean  near  Fort  Bragg.  Its 
total  length  is  approximately  25  miles.  Throughout  its  whole  course 
it  descends  with  steep  slope  through  a  narrow  valley  among  heavily 
wooded  moimtains.  The  rocks  in  this  valley,  like  those  of  the  region 
farther  north,  are  sedimentary  and  contain  basic  igneous  intrusions. 

CHARACTER  OP  THE  WATER. 

A  sample  of  the  water  of  Noyo  River  was  taken  on  June  15,  1908, 
at  Alpine  station,  about  8  miles  from  Fort  Bragg.  At  this  point *the 
bottom  of  the  river  is  gravelly,  the  current  is  swift,  and  the  banks 
are  high  and  precipitous.  The  water  of  this  river  was  assumed  to 
be  typical  for  this  section  of  the  State,  and  hence  samples  were  not 
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taken  from  other  streams, 
the  following  table: 


An  analysis  of  the  water  is  presented  in 


Analysis  of  water  from  Noyo  River,  near  Alpine  station,  Mendocino  County. 
(Analyst,  Walton  Van  Winkle.    Quantities  in  parts  per  mlUion.] 


Bicarbonate  radicle  (nCO,) 109 

Sulphate  radicle  (SO4) 18 

Chlorine  (CI) 7.  2 

Nitrate  radicle  (NO,) 64 

Total  solids 132 

Turbidity Trace. 


Silica(Si02) 17 

Iron(Fe) 18 

Calcium  (Ca) 20 

Magnesium  (Mg) 7.2 

Sodium  and  potassium  (Na+K).      15 

Carbonate  radicle  (CO,) 0 

Collected  June  15, 1906,  by  Walton  Van  Winkle. 

The  water  is  shown  by  the  analysis  to  be  moderately  low  in  dis- 
solved material.  It  is  of  the  calcic  carbonate  type  common  to  rivers 
in  regions  of  abundant  rainfall.  The  water  is  not  so  good  for  steam- 
ing as  that  of  streams  farther  north,  but  its  scale-forming  materials 
could  readily  be  removed.  For  manufacture  of  white  paper  the 
organic  constituents  would  have  to  be  removed,  as  they  are  present 
in  sufficient  quantity  to  cause  annoyance. 

SOUTHERN  SUBDRAINAGE. 

RUSSIAN    RIVER. 
DBSCRIPTION. 

Russian  River  rises  in  the  north-central  part  of  Mendocino  County, 
near  the  town  of  Redwood,  flows  in  a  general  southeasterly  direction 
for  about  60  miles,  then  turning  to  the  southwest  it  empties  into  the 
Pacific  Ocean.  In  its  upper  course  it  traverses  a  narrow  valley 
surrounded  by  wooded  hills.  It  receives  no  large  tributaries,  but 
numerous  small  creeks  join  it  throughout  its  course. 

The  mountains  in  this  area  are  somewhat  lower  and  less  broken 
than  farther  north  on  the  coast,  giving  way  to  rolling  hills  toward 
the  southern  part  of  the  basin,  and  the  valley  is  broader  and  more 
mature.  Basic  magnesian  rocks  are  also  present  in  greater  propor- 
tion than  in  areas  farther  north.  The  soil  of  the  valley  proper  is  an 
alluvial  deposit  of  considerable  richness. 

Rainfall  in  this  valley  is  plentiful.  Precipitation  from  June  to 
September  is  very  light,  but  for  the  remaining  months  it  is  quite 
heavy,  the  region  around  Ukiah  apparently  receiving  the  smallest 
share.  This  abundant  rainfall  causes  a  very  good  flow  in  the  streams, 
but  measurements  are  lacking.  As  the  foothills  and  mountains  of 
the  basin  are  in  general  covered  with  a  good  growth  of  timber,  con- 
ditions are  favorable  for  ground  storage  of  rain  water  and  distribution 
of  stream  flow,  the  summer  flow  being  increased  and  the  volume  of 
the  freshets  diminished. 
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CHARACTER  OF  THE  WATER. 

A  sampling  station  was  established  on  Russian  River  about  2 
miles  above  Ukiah  late  in  1907,  and  during  1908  samples  of  the  water 
were  collected  daily  by  Miss  Gertrude  Howard.  The  valley  of  the 
river  at  this  point  is  moderately  wide  and  is  bordered  by  foothills 
covered  with  a  heavy  growth  of  brush.  The  river  winds  through  its 
valley  in  a  bed  of  coarse  sand  and  gravel  and  it  receives  near  the  town 
several  small  tributaries.  The  drainage  area  at  this  point  is  about 
253  square  miles." 

The  results  of  the  analyses  are  shown  in  the  following  table: 

Mineral  analyses  o/tvaUrfrom  Russian  River  near  Ukiah. 
I Draina^  area,  253  square  miles.    Quantities  lo  parts  per  million  unless  otherwise  stated.  ] 


Date. 


From- 


1907. 
Dec.  31 

1W8. 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Feb.  29 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  19 
May  29 
June  8 
June  18 
June  28 
July  8 
July  18 
July  28 
Aug.  7 
Aug.  17 
Aug.  27 
Sept.  6 
Sept.  16 
Sept.  26 
Oct.  6 
Oct.  16 
Oct.  28 
Nov.  5 
Nov.  15 
Nov.  25 
Dec.  5 
Dec.  15 
Dec.  25 


To- 


1908. 
Jan.     9 


Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  17 
July  27 
Aug.  6 
Aug.  16 
Aug.  26 
Sept.  5 
Sept.  15 
Sept.  25 
Oct.  6 
Oct.  15 
Oct.  25 
Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
Dec.  14 
Dec.  24 
Dec.  31 


Mean 

Percent  of  anhy- 
drous residue. 


3 


35 


15 
60 
50 
30 
5 
20 
5 

Trace. 
5 
10 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
5 

Trace. 
Trace. 
5 

Trace. 
Trace. 
4 
5 

Trace. 
Trace. 
10 
Trace. 
Trace. 
Trace. 
5 
20 
15 
18 
5 


24 
39 
53 
145 


34 


27 
8.8 
12 


.38 
.45 
.38 
.32 
.20 
.43 
.18 
.07 
.08 
.07 
.03 
.03 
.06 
.15 
.15 
.06 
.04 
.18 
.40 
.05 
.04 
.37 
.13 
.43 
.20 
.05 
.04 
.04 
.02 
.04 
.10 
.14 
.28 
.38 
.40 
.30 


.19 
.1 


7.2 


6.4 
7.9 
6.3 
8.2 

11 
8.0 
7.8 
9.3 

11 

12 

11 

U 

12 

12 

12 

12 

13 

13 

12 

14 

15 

15 

14 

15 

14 

15 

14 

17 

15 

16 

16 

16 

14 

13 

13 

11 


12 
7.6 


I. 
ll 


9.8 


9.2 
10 
12 
15 
12 
14 
13 
10 

9.6 
12 
10 
12 
12 
15 
14 
11 
12 
20 
14 
15 
14 
16 
16 
15 
14 
13 
14 
23 
23 
26 
28 
26 
31 
15 
15 
27 


16 
10.1 


I 


.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

ft3.6 
.0 
.0 
.0 
.0 

b9.6 
.0 
.0 
.0 

54.8 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


0.0 
39.4 


I 


83 
71 
67 
76 
102 
82 
107 
109 
116 
115 
118 
122 
120 
112 
124 
125 
128 
138 
120 


■22. 
5 


140  15 
144  12 
151  18 
146  18 
163  ,  17 
150  !  17 
149  17 
158  15 
155  I  20 
166  :  16 

166  I  16 

167  16 
169  ,  19 
120  22 
117  20 
117  18 
115  ,  19 


125 


17 
10.8 


f 


1.6 


1.8 

1.4 
.80 
.77 

2.1 

2.1 

1.1 

2.0 

2.0 

3.0 

1.1 

1.9 

2.0 
.86 
.96 

1.0 

2.0 
.66 
.92 
.92 
.70 

1.4 


i    1 

i   5 


3.8   107 


.56 
.10 
.80 
.52 
.40 
.18 
.28 
.66 
.36 

1.5 

1.8 

1.0 

1.1 

1.2 
0.8 


4.1 
4.0 
3.2 
3.0 
4.3 
5.7 
5.1 
4.2 
4.5 
4.5 
4.5 
5.4 
4.6 
5.2 
4.6 
5.9 
5.5 
7.0 
6.0 
7.0 
7.4 
7.5 
8.0 
8.0 
8.0 
9.0 
8.0 

11 

14 

18 

20 

16 

11 
8.2 
8.5 
8.5 

7.4 

4.6 


116 
101 
99 
107 
126 
112 
131 
128 
131 
131 
127 
132 
130 
141 
131 
137 
131 
145 
155 
149 
148 
160 
172 
173 
179 
151 
150 
192 
189 
187 
192 
183 
158 
156 
150 
144 

145 


«  Planimeter  measurement  on  U.  8.  Land  Office  map. 
5  Abnormal.    Computed  as  HCOa  in  the  average. 
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The  water  is  of  the  calcic  carbonate  class.  Chlorine  is  higher 
than  in  waters  previously  considered,  averaging  7.4  parts  per  million. 
Sodium  and  sulphates  each  form  about  10  per  cent  of  the  total  dis- 
solved material.  Normal  carbonates  are  encoimtered  at  rare  inter- 
vals. The  amoimt  of  dissolved  material  and  the  slight  amount  of 
silt  and  other  material  carried  in  suspension  vary  little  throughout 
the  year.  The  heavy  winter  rains  increase  the  suspended  matter  but 
slightly,  the  greatest  turbidity  recorded  during  1908  being  only  60 
parts  per  million  during  the  period  from  January  20  to  29.  The 
greatest  amoimt  of  suspended  matter,  by  weight,  in  1908  was  only 
145  parts  per  million,  February  9  to  18,  when  the  large  run-off  and 
high  velocity  of  the  river  permitted  it  to  carry  in  suspension  coarse- 
grained sand. 

This  water  is  suitable  for  use  in  boilers.  Containing  chiefly  hard- 
ness of  a  temporary  nature,  it  may  be  effectively  treated  with  very 
small  amounts  of  reagents  and  by  preheating  before  introduction  into 
the  boiler.  It  is  also  well  adapted  for  use  in  laundries,  because  its 
soap-consumiug  power  while  noticeable  is  not  excessive.  For  both 
municipal  and  irrigation  use  it  is  excellent,  requiring  only  sand  filtra- 
tion to  make  it  safe  and  palatable  for  drinking.  Its  use  without 
treatment  in  wine  making  will  not  impair  the  quality  of  the  wines. 
Paper  making  may  some  day  occupy  an  important  place  among  the 
industries  of  the  Russian  River  valley,  and  for  this  purpose  slight 
treatment  should  render  the  water  perfectly  satisfactory. 

NOTES  ON  MUNICIPALmES. 

Reports  were  received  from  16  settlements  in  the  north  Pacific 
Ocean  drainage  area.  Of  these  three  reported  water  supplies  obtained 
from  wells,  the  others  all  using  surface  waters,  wholly  or  in  part. 
Three  cities  use  filtration  in  connection  with  their  water  supply,  the 
rest  taking  no  means  to  insure  purity  of  supply. 

The  following  table  gives  statistics  of  water  supply  of  these  incor- 
porated settlements: 
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HAN  FRANCISCO  BAY  DRAINAGE. 
DESCRIPTION. 

The  San  Francisco  Bay  drainage  area  comprises  a  large  basin  o 
valley  extending  lengthwise  throughout  the  northern  and  middl 
portions  of  the  State  and  rimmed  m  on  all  sides  by  moimtainsy  thi 
only  outlet  being  the  narrow  break  in  the  coastal  hills  at  the  Strait 
of  Carquinez.  The  northern  extremity  of  this  area  lies  on  the  crest: 
of  the  broken  ranges  which  form  the  Klamath  Mountains.  Th< 
summits  of  the  Sierra  on  the  east,  of  the  Tehachapi  on  the  south,  anc 
of  the  Coast  Ranges  on  the  west  complete  the  bordering  rim 
Inclosed  within  this  oval  of  mountains  are  64,000  square  miles  of  lane 
surface — about  40  per  cent  of  the  total  area  of  the  State.  The  north 
em  portion  of  the  basin  makes  the  Sacramento  Valley,  the  middle 
portion  the  San  Joaquin  Valley,  and  the  southern  portion,  separated 
from  the  San  Joaquin  Valley  by  a  low,  alluvial  divide,  the  Tulare 
Valley.  These  three  valleys  form  a  long,  narrow  plain,  having  an 
average  width  of  50  miles  and  a  length  of  400  miles,  and  include  about 
20,000  square  miles  of  valley  land.«  On  the  west  the  Coast  Ranges 
rise  with  great  abruptness  from  the  alluvial  plain,  while  on  the  east 
the  rise  is  gradual  and  in  places  almost  imperceptible,  forming  a  long, 
gentle  slope  to  the  smnmits  of  the  Sierra,  from  6,000  to  10,000  feet 
above  the  valley  floor. 

The  area  is  drained  by  the  two  largest  rivers  in  California,  the  Sac- 
ramento and  the  San  Joaquin,  which  unite  at  Suisun  Bay.  A  num- 
ber of  other  streams,  important  merely  as  sources  of  water  supply  for 
the  bay  cities  of  San  Francisco,  Alameda,  Oakland,  and  Berkeley, 
and  the  smaller  towns,  empty  directly  into  San  Francisco  and  San 
Pablo  bays,  the  most  important  of  these  being  Alameda  Creek  and 
Coyote  River  in  the  southern  portion  and  Napa  Creek  on  the  northern 
shore. 

The  rock  floor  of  the  Sierra  Nevada  region  consists  of  metamor- 
phosed sediments  and  eruptives  and  later  intrusive  granitic  or  dio- 
ritic  masses,  except  where  scattered  late  eflFusives — rhyolites,  andes- 
ites,  and  basalts — appear,  or  where  weathering  and  stream  action 
have  caused  local  deposits,  such  as  the  auriferous  gravels  of  the  Ter- 
tiary period. 

The  soil  of  the  San  Francisco  Bay  drainage  area  can  not  be  con- 
sidered as  a  unit,  owing  to  the  extent  of  the  area,  the  varying  char- 
acter of  the  bed  rock,  and  the  vast  differences  in  climatic  conditions 
and  in  alluviation.  In  the  high  regions  of  the  Sierra  there  is  little 
soil  of  any  kind,  but  toward  the  valley  the  rich,  iron-bearing,  red  soil 

o  Ransome,  F.  L.,  The  Great  Valley  of  California:  Bull.  Dept.  Geology  Univ.  California,  vol.  1,  No.  14, 
p.  373. 
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of  the  slopes  increases  steadily  in  depth.  Lower  down  in  the  foot- 
hills is  a  great  depth  of  rich  red  soil,  interspersed  here  and  there  with 
clay  deposits  and  giving  place  locally  to  white  ash  or  to  black  adobe 
soils.  The  valley  floor  is  alluvium,  portions  of  it  semisubmerged,  as 
tule  swamps,  and  other  portions  choked  with  alkaU.  The  soil  of  the 
Bay  region  is  largely  black  adobe,  merging  into  alluvium  on  the  one 
hand  and  bed  rock  on  the  other. 

The  northern  and  eastern  slopes  of  this  drainage  area  are  generally 
well  forested,  while,  except  in  the  northwestern  portion,  the  western 
slopes  are  nearly  bare.  Much  of  the  forest  land  is  now  held  as 
national  forests,  but  skirting  these  reserves  are  large  areas  of  pri- 
vately owned  timber  lands,  extending  from  the  Shasta  National 
Forest  on  the  north  to  the  Stanislaus  Forest  on  the  south,  and  con- 
taining probably  over  a  milUon  acres. 

In  the  reserved  lands  are  11,451,565  acres  of  woodland,  comprising 
the  Shasta,  Lassen,  Plumas,  Tahoe,*  Stanislaus,  Sierra,  and  Sequoia 
national  forests.  It  is  estimated  **  that  these  national  forests  contain 
53,961,213,000*'  feet  b.  m.  green  saw  timber,  as  well  as  about  35,000,000 
feet  cordwood  and  over  375,250  feet  dead  saw  timber.  The  private 
timber  claims  within  the  limits  of  the  national  forests  mentioned 
contain  about  28,542,350,000  feet  b.  m.  merchantable  timber.  It  is 
estimated  that  in  the  Yosemite,  General  Grant,  and  Sequoia  national 
parks  the  total  stand  is  3,949,120,000  feet  b.  m.  merchantable  timber, 
and  6,380,896  cords  of  wood.  Thus,  with  the  private  timber  standing 
upon  unreserved  lands,  the  total  amount  of  timber  in  the  basin  is 
very  close  to  90,000,000,000  feet  b.  m.— 43  per  cent  of  the  total  tim- 
ber of  the  State.  Almost  all  of  this  stands  within  the  borders  of  the 
San  Francisco  Bay  drainage  area,  small  sections  only  over  lapping 
into  the  north  Pacific  and  Interior  Basin  drainage  areas. 

The  principal  industries  of  the  Great  Valley  include  mining,  smelt- 
ing, lumbering,  dairying,  grazing,  orchard  farming,  graniculture, 
sugar  manufacture,  and  fishing.  The  chief  mine  products  are  gold 
and  copper,  and  there  are  also  extensive  quarries  of  granite,  sand- 
stone, and  other  rocks,  and  a  number  of  mineral  springs  of  economic 
importance.  Dairying  is  growing  rapidly  in  importance,  as  are  also 
all  agricultural  industries  except  wheat  production.  Rice  culture 
has  recently  been  started  in  Glenn  County.^  In  the  alluvial  plain 
and  foothill  regions  agriculture,  fruit  growing,  and  dairying  are  the 
principal  industries. 

Fishing  as  an  industr}^  deserves  more  prominent  mention  than  is 
usually  given  to  it.     Sacramento  River  alone  yields  annually  nearly 

a  Exdading  57,675  acres  in  the  State  of  Nevada. 

b  Communicated  by  T.  D.  Woodbury,  acting  chief  of  silviculture,  District  5,  U.  S.  D.  S.,  Forest  Service, 
March  12, 1909. 
c  Indoding  dead  timber  of  the  Stanislaus  National  Forest,  for  which  estimate  is  laclcing. 
d  Eighteenth  Ann.  Rept.  California  State  Board  of  Trade,  1908,  p.  23. 
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$1,250,000  worth  of  fish,  representing  about  one-thu*d  of  the  total 
catch  for  the  State.  This  whole  industry  is  threatened  with  destruc- 
tion if  steps  are  not  taken  to  prevent  the  pollution  of  the  streams  by 
mining  and  industrial  wastes  and  municipal  sewage.  Directly  above 
the  city  of  Sacramento  scores  of  fishermen's  houseboats  are  anchored 
along  the  banks.  The  fish  caught  by  these  men  are  sold  chiefly  in 
such  places  as  Sacramento  and  the  bay  cities.  The  river  at  Sacra- 
mento is  a  muddy,  uninviting-looking  stream,  containing,  besides  all 
manner  of  d6bris,  more  or  less  pollution  from  all  the  settlements  in 
the  drainage  area.  The  fish  will  eventually  disappear  from  the  river 
as  the  pollution  becomes  more  pronounced.  Acid  and  other  indus- 
trial wastes,  although  at  present  not  of  great  enough  extent  to  be 
important,  should  nevertheless  be  prevented  from  contaminating  the 
river  and  its  tributaries,  and  sawdust  from  mills  should  not  be  allowed 
to  fill  the  beds  of  the  smaller  streams  to  the  destruction  of  the  brook 
trout. 

In  some  sections  of  this  drainage  area  extensive  irrigation  projects 
are  in  construction  or  operation,  while  in  other  sections  schemes  for 
draining  the  fertile  tule  lands  are  being  considered.  According  to  the 
state  engineer,  the  proper  control  of  Sacramento  River,  together  with 
necessary  irrigation  and  the  drainage  of  the  tule  swamps,  would  add 
to  the  permanently  available  area  of  the  Sacramento  Valley  1,000,000 
acres."  The  Reclamation  Service  is  constructing  a  dam  and  an 
impounding  reservoir  on  Stony  Creek,  in  Glenn  County,  and  on  the 
completion  of  this  project  14,000  acres  will  be  placed  under  irrigation. 

In  the  southern  sections  of  the  area,  in  the  Tulare  and  San  Joaquin 
valleys,  the  principal  industries  are  grain  and  fruit  raising,  grazing, 
and  mining.  The  Sierra  slopes  are  used  for  grazing,  for  fruit  growing, 
and  for  mining.  In  the  western  portion  of  the  valley,  near  Coalinga 
and  at  Bakersfield,  the  pumping  and  refining  of  asphaltum  and 
petroleum  are  the  chief  industries. 

SACRAMENTO  RIVER  SYSTEM. 
DESCRIPTION. 

The  Sacramento  Valley,  which  lies  between  the  Sierra  Nevada  on 
the  east,  the  Klamath  Mountains  on  the  north,  and  the  Coast  Range 
on  the  west,  is  narrow  and  winding  at  its  northern  extremity,  in 
places  scarcely  10  miles  wide,  but  near  Red  Bluff  it  widens  out 
abruptly  and  becomes  a  broad,  alluvial  valley  floor,  sloping  gently 
southward  to  its  junction  with  the  San  Joaquin  Valley.  Sacramento 
River,  the  largest  stream  in  California,  rises  in  the  Shasta  Mountains 
and  winds  tortuously  along  the  axis  of  the  valley,  skirting  the  ste^p 
bases  of  the  Coast  Ranges  on  one  side  and  the  long,  gentle  slopes  of  the 

ft  .lept.  State  Engineer  of  California  for  1908.  p.  tiS. 
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Sierra  Nevada  on  the  other.  The  river  flows  in  a  general  southerly 
course  for  about  200  miles;  then  turning  to  the  west  it  meanders 
sluggishly  through  tule  swamps  into  Suisun  Bay.  Thence  its  waters 
pass  through  the  Straits  of  Carquinez  into  San  Pablo  Bay  and  reach 
the  Pacific  by  way  of  San  Francisco  Bay  and  the  Golden  Gate. 

The  river  drains  all  of  the  territory  south  of  Mount  Shasta  between 
the  Coast  Range  and  the  Sierra  Nevada.  The  portion  of  the  drainage 
basin  above  Red  Bluff  extends  from  the  Trinity  Mountains  on  the 
west  to  the  Warner  Mountains,  near  the  California-Nevada  line,  on 
the  east.  The  area  on  the  west,  bordered  by  the  Trinity  Mountains, 
is  comparatively  narrow — ranging  in  width  from  10  to  35  miles — and 
furnishes  a  very  small  proportion  of  the  discharge  of  the  river,  but 
that  on  the  east  includes  Pit  River,  the  most  important  tributary. 
The  western  portion  of  the  basin  is  well  timbered,  as  is  also  that 
portion  of  the  drainage  area  in  the  Sierra  Nevada  lying  between 
Mount  Shasta  and  Lassen  Peak.  Farther  east,  however,  there  is 
little  or  no  forest  covering,  and  the  country  is  used  extensively  for 
pasturage. 

Below  Red  Bluff  the  Sacramento  enters  a  long,  broad,  flat  valley, 
through  which  it  flows  on  a  comparatively  light  grade  until  it  reaches 
Suisun  Bay.  In  its  course  through  the  valley  it  receives  many 
tributaries,  the  largest  from  the  eastern  side. 

Farming  is  the  principal  industry  in  this  region.  On  the  tributary 
streams  mining  and  lumbering  are  followed  extensively.  Many  large 
towns  on  the  banks  of  the  river  owe  their  existence  to  the  shipping 
which  is  carried  on  by  boat  and  rail.  The  fishing  trade  is  also  very 
important  along  the  Sacramento.  In  the  central  part  of  the  valley 
considerable  areas  are  given  up  to  the  cultivation  of  sugar  beets. 

TRIBUTARIES. 

The  Sacramento  receives  numerous  important  tributary  streams 
from  the  Sierra  and  smaller  ones  from  the  Coast  Ranges.  At  many 
places  in  its  middle  and  lower  course  the  river  is  bordered  by  tule 
swamps,  in  which  the  smaller  western  tributaries  lose  themselves,  few 
of  them  reaching  the  Sacramento  through  well-defined  channels. 
The  larger  and  stronger  tributaries  from  the  east,  however,  have 
formed  definite  and  regular  channels  that  run  directly  to  the  main 
river.  Most  of  these  tributary  streams  from  the  Sierra  flow  south- 
westward,  forming  deep,  narrow  canyons,  which  give  to  the  otherwise 
gently  sloping  land  a  very  rugged  appearance.  The  streams  rising  in 
the  Coast  Ranges,  however,  cut  much  snialler  canyons,  most  of  them 
trending  distinctly  west-east. 

Pit  River,  the  largest  tributary  of  the  Sacramento,  drains  an  area 
extending  about  120  miles  eastward  from  the  main  stream  and  lying 
between  Mount  Shasta  on  the  north  and  Lassen  Peak  on  the  south. 
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The  greater  part  of  this  basin  is  composed  of  lava  and  shows  other 
evidences  of  volcanic  activity,  such  as  volcanic  cones  and  craters. 
Nearly  all  the  tributaries  of  Pit  River  rise  in  large  springs.  The  most 
important  tributary  of  the  Pit  is  the  McCloud,  which  drains  the 
southern  slope  of  Mount  Shasta  and  derives  its  waters  principally 
from  the  melting  snow  from  the  high  elevations  of  this  mountain. 

The  principal  tributaries  below  Red  Bluff  are  Feather  and  Ameri- 
can rivers,  draining  the  western  slopes  of  the  Sierra,  and  Stony,  Cache, 
and  Putah  creeks,  draining  the  eastern  slopes  of  the  Coast  Ranges. 

The  following  table  shows  the  names,  relations,  and  geographic 
order  from  north  to  south  of  the  more  important  tributaries  of  the 
Sacramento: 

Principal  tributctries  of  Sacramento  River. 


From  the  west. 


Clear  Creek. 

Cotton w(K)d  Creek. 

Red  Bank  Creek. 
Toms  Creek. 
Stony  Creek. 
Willow  Creek. 
Cache  Creek. 
Puta  Creek. 


[North  Fork. 

..  I  Middle  Fork. 

[South  Fork. 


From  the  east. 

T>..  n-  /North  Fork, 

Pit  River <^     .u  17    1 

I  South  Fork. 

Ash  Creek. 

Falls  River. 

Hat  Creek. 

Burney  Creek. 

Squaw  Creek. 

McCloud  Creek. 

Cow  Creek. 

Mills  Creek. 

Chico  Creek. 


Feather  River. 


Butte  Creek. 
Deep  Creek. 
Big  Butte  Creek. 
North  Fork. 
Middle  Fork. 
South  Fork. 
Honcut  Creek. 

[North  Fork. 

Yuba  River |  Middle  Fork. 

[South  Fork. 
Bear  River. 

{North  Fork. 
Middle  Fork. 
South  Fork. 
Rubicon  River. 

The  streams  here  described  are  typical,  and  descriptions  of  the 
others  are  therefore  not  given  in  this  report. 

SACRAMENTO  RIVER  AT  SACRAMENTO. 
CHARACTER  OF  WATER. 

Samples  of  water  for  this  investio^ation  were  collected  from  the 
river  at  a  point  about  3  miles  above  the  railroad  bridge  at  Sacra- 
mento, where  the  stream  is  wide,  shallow,  and  sluggish  at  low  stages, 
but  during  flood  periods  is  exceedingly  swift  and  liable  to  overflow." 

a  For  data  eomerninp  gage  heights  and  discharges  of  the  river  at  the  Red  BIiilI  gaging  st:ition,  see  Water- 
Supply  Papers  U.  S.  Geol.  Survey  Nos.  81, 100, 134, 177,  and  213. 
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The  chemical  analyses  (see  table  following)  show  that  the  water 
of  Sacramento  River  should  be  classed  as  carbonate — calcium, 
magnesium,  and  bicarbonates  forming  the  greater  part  of  the  dis- 
solved mineral  mattei.  The  total  dissolved  material  is  not  high, 
and  the  water  is  fit  for  almost  any  industry  that  can  use  moderately 
hard  water.  It  may  readily  be  softened,  however,  by  adding  to  it 
a  small  amount  of  soda  ash,  which  will  remove  the  excess  of  Ume 
and  magnesia. 

Mineral  analyses  of  water  from  Sacramento  River  above  Sacramento. 
[Parts  per  milUon  unless  otherwise  stated.) 


Date. 


From— 


1906. 
Jan.  1 
Jan.  11 
Jan.  21 
Feb.  4 
Feb.  10 
Feb.  22 
Mar.  2 
Mar.  12 
Apr.  1 
Apr.  12 
Apr.  21 
May  1 
May  10 
May  21 
May  31 
Jane  11 
June  21 


July  1 
July  11 
July  21 
Aug.  1 
Aug.  11 
Aug.  21 
Sept.  1 
Sept.  11 
Sept.  21 
Oct.  1 
Oct.  11 
Oct.  21 
Nov.  1 
Nov.  11 
Nov.  21 
Dec.  1 
Dec.  11 
Dec.  21 


To— 


1006. 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  17 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  4 
Apr.  20 
Apr.  30 
Mfay  9 
May  20 
May  30 
June  10 
June  20 
June  30 


July  10 
July  20 
July  31 
Aug.  10 
Aug.  20 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  31 


Mean 

Per  cent  of  anhy- 
drous residue. . 


100 
20 
20 
15 
100 
100 


10 
210 
174 


96 
122 
62 
22 
114 
64 
58 
56 
26 
42 
24 
22 
32 


54 
140 
152 


60 


31 
27 
20 
28 
24 
16 
18 
16 
10 
16 
13 
9.2 
15 
10 
20 
15 
12 


16 
32 
19 
36 
23 
15 
22 
21 
24 
18 
26 
25 
17 
21 
18 
22 
18 
6.0 


19 
16.6 


< 
+ 

I 


2.4 
2.8 
.8 
5.4 
2.4 
4.2 
5.8 
6.0 
4.0 
6.8 
4.4 
4.8 
3.6 
2.8 
4.2 
4.0 
4.8 


Fe. 

.20 
.fiO 
.10 
.08 
.15 
.13 
.25 
.30 
.20 
.25 
.35 
.17 
.75 
.25 
.35 
.20 
.20 
.8 


b.TQ 
.2 


15 
13.0 


6.5 
5.1 
6.2 
6.1 
5.9 
6.0 
9.5 
4.8 
8.4 
6.2 
6.0 
6.1 
5.9 
5.5 
5.2 
10 
4.9 


6.8 
5.9 
5.9 
9.3 
9.0 
8.1 
8.1 
9.5 
8.5 
7.8 
9.3 
7.7 
6.3 
7.1 
6.9 
7.9 
5.0 
5.9 


7.0 


18 

21 

18 

12 
9.5 
8.5 

11 
7.1 

12 

11 

a7 

6.3 
7.4 
6.0 
9.6 

10 

12 


3.0 
2.8 
.8 
.9 
2.5 
1.1 
2.3 
4.2 
1.8 
2.3 
1.9 
1.3 
1.2 
0.9 
2.1 
1.7 


16 
10 
15 
21 
19 
18 
19 
16 
19 
19 
19 
13 
18 
14 
27 
15 
13 
26 


"^   ?^ 

^    -So 
50  go 

f  I"- 

i 


15 
13.0 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
.0 
.0 
.0 
.0 
.0 
.0 
a2.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
32.2 


89 
121 
46 
73 
73 
59 
58 
60 
49 
57 
58 
58 
53 
54 
60 
51 
53 


73 
81 

102 

102 
98 

100 
96 
97 
90 

104 


102 
90 
93 


5CD 


8.4 

18 

19 

10 

10 

14 

25 
8.4 

14 
9.7 
8.2 
8.2 
8.7 

13 

16 

16 
7.1 


13 
16 
12 
17 
16 
15 
15 
14 
16 
12 
14 

8.2 
13 
13 
16 

8.7 


65  16 
65  I  14 


13 
11.3 


6.9 
18 
6.9 
8.2 
7.6 
9.0 
7.4 
8.3 
5.1 
4.9 
4.9 
5.9 
6.4 
6.2 
6.2 
6.7 
6.8 


5.8 
7.8 
7.2 

13 

14 

16 

13 

13 

12 

12 
9.1 
8.1 
8.1 
8.6 
8.6 
8.1 
7.7 
9.2 


8.7 
7.6 


144 

118 

56 

176 

106 

66 

130 

212 

104 

102 

112 

98 

80 

88 

100 

94 

80 


106 
126 
130 
176 
162 
142 
136 
148 
154 
138 
160 
134 
120 
146 
166 
118 
118 
100 


124 


0  Abnormal,   Computed  as  HCOi  Iq  th«  »yerage. 


^  Mean  of  Fe  values  after  July  1. 
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Mineral  analyses  oftoaUrfrom  Sacramento  River  above  5(KTam^n/o— Continued . 


Date. 

1 

* 

•^ 

i. 

1 

9) 

I 

jO> 

^ 

5 

It 
li 

r 

1^ 

t  ' 

1. 

1   . 

From— 

To- 
190B. 

1 

} 

O 

t 
1 

1 

o 

1 

r 

go 

s 

4 
1 

*• 

S 
1 

ja 
O 

1 

1907. 

Dec.  31 

Jan.     0 

230 

3<X) 

26 

1.0 

13 

5.1 

10 

0.0 

54 

21 

1.0 

4.3 

104 

1908. 

Jan.   10 

Jan.   19 

115 

102 

24 

.51 

16 

7.0 

6.2 

.0 

66 

25 

1.4 

4.9 

114 

Jan.   ao 

Jan.    29 

85 

106 

24 

.40 

13 

2.0 

11 

.0 

49 

16 

1.1 

4.1 

VM 

Jan.   80 

Feb.    8 

75 

117 

27 

.51 

12 

3.1 

15 

.0 

60 

24 

.80 

4.0 

lt)5 

Feb.    9 

Feb.  18 

100 

135 

36 

.80 

11 

5.9 

11 

.0 

51 

23 

1.6 

4.4 

ICo 

Feb.  19 

Feb.  28 

85 

91 

28 

.30 

13 

6.4 

10 

.0 

66 

18 

.37 

6.0 

107 

Feb.  29 

Mar.    9 

50 

91 

27 

.48 

15 

4.8 

17 

.0 

71 

25 

.34 

5.1 

111 

Mar.  10 

Mar.  19 

85 

178 

30 

.75 

13 

6.1 

13 

.0 

71 

13 

1.0 

5.1 

113 

Mar.  20 

Mar.  29 

95 

175 

27 

.50 

13 

4.0 

9.5 

.0 

61 

26 

.48 

3.6 

107 

Mar.  30 

^pr.    8 

20 

148 

27 

.50 

13 

6.7 

15 

.0 

63 

21 

Tr. 

4.1 

102 

Apr.    9 

Apr.  18 

110 

332 

21 

.85 

10 

5.2 

10 

.0 

69 

20 

.70 

4.0 

85 

Apr.  19 

Apr.  28 
May    8 

135 

100 

26 

.55 

11 

4.4 

8.8 

.0 

66 

16 

1.0 

3.4 

94 

Apr.  29 
May    9 

108 

92 

22 

.28 

9.7 

4.4 

8.8 

.0 

62 

17 

.68 

4.0 

88 

May  18 

40 

48 

19 

.23 

10 

8.1 

7.1 

.0 

56 

13 

.74 

2.5 

86 

May  19 

May  28 

95 

61 

'    18 

.30 

9.7 

3.8 

5.8 

.0 

54 

9.9 

2.5 

80 

May  29 

June    7 

50 

52 

19 

.38 

12 

4.7 

8.5 

.0 

56 

13 

'".'48 

3.4 

81 

June    8 

June  17 

50 

43 

22 

.25 

12 

3.7 

9.0 

.0 

50 

11 

1.0 

4.2 

89 

June  18 

June  27 

45 

46 

26 

.38 

12 

6.7 

12 

.0 

71 

18 

.22 

7.0 

112 

June  28 

July     7 

55 

77 

33 

1.0 

12 

7.3 

13 

.0 

73 

13 

.70 

7.0 

132 

July     8 

July  17 

60 

81 

28 

.38 

15 

9.4 

11 

.0 

84 

18 

.92 

6.5 

124 

July  18 

July  27 

60 

78 

24 

.18 

14 

7.9 

13 

.0 

87 

12 

1.2 

6.0 

118 

July  28 

Aug.    6 

50 

145 

27 

.31 

16 

10 

14 

.0 

89 

16 

7.5 

\n 

Aug.    7 

Aug.  16 

40 

55 

29 

.25 

16 

8.7 

16 

01.2 

99 

16 

**.'46" 

7.2 

131 

Aug.  17 

Aug.  26 

45 

97 

32 

.20 

15 

9.3 

17 

.0 

95 

16 

.56 

8.0 

131 

Aug.  27 

Sept.    6 

30 

58 

29 

.60 

16 

9.4 

16 

.0 

95 

16 

.78 

8.0 

134 

Sept.    6 

Sept.  15 

30 

58 

34 

.38 

17 

7.9 

15 

.0 

90 

16 

.10 

7.2 

132 

Sept.  16 

Sept.  25 

25 

43 

24 

.21 

15 

8.0 

14 

.0 

92 

16 

.30 

6.5 

Kt) 

Sept.  26 

Oct.     6 

45 

68 

29 

.04 

14 

8.9 

11 

.0 

96 

13 

.54 

5.5 

120 

Oct.     6 

Oct.    15 

50 

80 

33 

.13 

14 

8.3 

14 

.0 

93 

21 

.40 

6.5 

120 

Oct.    16 

Oct.   25 

85 

126 

31 

.55 

13 

7.8 

15 

.0 

82 

18 

.50 

6.6 

\S\ 

Oct.    26 

Nov.    4 

65 

116 

31 

.18 

12 

7.9 

17 

.0 

85 

13 

.32 

5.9 

114 

Nov.  11 

Nov.  14 

40 

75 

28 

.18 

12 

7.1 

19 

.0 

87 

12 

.20 

4.0 

117 

Nov.  15 

Nov.  24 

45 

76 

34 

.40 

12 

8.7 

16 

.0 

86 

14 

.30 

5.6 

12H 

Nov.  25 

Dec.     4 

45 

84 

28 

.40 

15 

7.9 

15 

.0 

77 

17 

.44 

6.0 

114 

Dec.     6 

Dec.   14 

50 

90 

43 

.50 

14 

7.3 

13 

.0 

81 

15 

.70 

6.2 

i;w 

Doc.   15 

Dec.  24 

50 

63 

31 

.45 

14 

7.2 

19 

.0 

83 

13 

.48 

6.2 

128 

Dec.  25 

Dec.  31 

30 

38 

40 

.60 

15 

9.8 

23 

.0 

87 

16 

.54 

7.0 

140 

Mean 

66 

102 

28 

.43 

13 

6.7 

13 

.0 

74 

17 

.64 

5.4 

113 

Per  cent  of  anhy- 

drous 

residue .. 

23.2 

0.4 

10.8 

5.6 

10.8 

30.0 

14.1 

0.5 

4.6 



a  Abnormal.    Computed  as  UCO|  in  the  average. 
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At  high  stages  the  water  is  exceedingly  turbid  and  the  suspended 
matter  is  fine  and  does  not  settle  readily.  At  other  seasons  the 
water  is  not  so  turbid,  but  it  is  not  very  clear  at  any  time. 

The  water  of  the  river  is  used  to  some  extent  for  irrigation  and  for 
the  municipal  supplies  of  several  small  towns  along  its  course,  and 
forms  the  main  source  of  supply  for  the  city  of  Sacramento.  The  water 
is  pumped  into  the  mains  from  the  river  without  any  treatment,  the 
users  depending  solely  upon  faucet  filters  for  its  purification.  Owing 
to  the  possibility  of  sewage  contamination  from  the  towns  on  its 
banks  and  from  the  boats  that  are  constantly  passing  up  and  down 
the  river,  its  water  can  not  be  recommended  for  domestic  use  unless 
it  is  thoroughly  purified. 

CACHE   CREEK. 
DESCRIPTION. 

Cache  Creek  rises  in  Clear  Lake,  which  lies  in  a  narrow  valley  in 
the  central  part  of  Lake  County  directly  west  of  the  St.  Helena 
Mountains.  The  lake  is  about  22  miles  long  and  7i  miles  wide,  ex- 
tends generally  northwest  and  southeast,  and  receives  the  drainage 
from  approximately  500  square  miles  of  land.  Cache  Creek,  flowing 
toward  the  southeast,  finally  disappears  in  the  swamp  lands  below 
Yolo,  the  total  drainage  area  above  Yolo  being  1,230  square  miles. 
Several  tributaries  join  the  creek  in  its  short  course,  the  largest  of 
these  being  the  North  Fork,  which  rises  to  the  northeast  of  Clear  Lake 
and  flows  generally  parallel  to  that  body  of  water,  joining  Cache 
Creek  at  the  point  where  that  stream  turns  to  the  southeast.  A 
short  distance  above  Yolo  Cache  Creek  emerges  from  the  foothills 
and  crosses  a  narrow  alluvial  plain  extending  from  the  foothills  to 
Sacramento.  Practically  none  of  the  water  of  the  creek  finds  its 
way  above  ground  to  the  Sacramento  during  the  summer  months, 
because  of  its  extensive  use  for  irrigation  near  Yolo. 

CHARACTER  OF  WATER. 

Waters  of  the  region. — In  the  vicinity  of  Clear  Lake  are  mercury 
deposits  of  considerable  importance,  and  other  evidences  of  intrusive 
disturbances  appear  in  the  numerous  mineral  springs  of  the  vicinity. 
In  a  monograph  relating  to  the  mercury  deposits  of  this  section  G.  F. 
Becker*  cites  analyses  of  two  of  the  sulphur  springs,  and  these 
analyses  are  reproduced  here  to  indicate  the  character  of  the  soluble 
mineral  matter  of  this  region.  An  analysis  of  the  water  of  Borax 
Lake,  from  the  same  source,  is  also  given  here.'' 

•  B«cker.  G.  F..  Mon.  U.  8.  Geol.  Survey,  vol.  13, 1888,  p.  259.  *  Idem,  p.  205. 

35550— IBB  237—10 3 
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Analyses  of  waters  of  Sulphur  Springs,  Borax  Lake,  and  Clear  Lake, 
(Parta  per  rolllion.] 


SIUca(8IOt) 

Alumina  (AlfOa) 

Ferric  oxide  ( FeiOj) 

Manganese  ( Mn) 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  ( Na) 

Potassium(K) 

Ammonium  (N  HO 

Borate  radicle  ( B^O?) 

Carbonate  radicle  (COa) . . . 

Sulphate  radicle  (SCO 

Chlorlne(Cl) 

Bromine  (Br) 

Phosphate  radicle  ( POO- .  - 

Organic  matter 

Hydrogen  sulphide  ( HtS) . 

Carbon  dioxide  (COt) 

Fixed  organic  matter 


Sulphur  Springs. 


Hermann 
shaft. 


37 


21 

5.5 

1,706 

25 

2.4 

1.451 
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a  Analyst,  Doctor  Melville. 


*  Analyst,  Profewor  Price. 


Borax  Lake  was,  at  the  time  of  Becker's  description,  a  small  shallow 
pond.  It  was  at  one  time  a  part  of  Clear  Lake  but  was  subsequently 
cut  off  from  it  and  deprived  of  all  outlet  except,  possibly,  during  rare 
periods  of  overflow.  The  analysis  is  cited  here  to  show  the  unusual 
magnesium  content  of  the  lake  waters  as  compared  with  the  calcium 
content,  and  also  to  show  the  presence  of  large  quantities  of  borax  in 
the  waters  of  both  lake  and  springs.  An  analysis  of  the  water  of  Clear 
Lake,  made  by  Professor  Price,  in  1874,  for  the  city  of  San  Francisco, 
and  cited  by  A.  E.  Chandler  in  his  paper  on  the  water-storage  possi- 
bilities of  Cache  Creek*  also  given,  shows  the  radically  different 
character  of  this  water  and  at  the  same  time  the  high  magnesium  con- 
tent peculiar  to  the  waters  of  this  region.  Clear  Lake  contained  at  the 
time  of  the  sampling  considerably  less  dissolved  mineral  matter  than 
was  found  at  any  time  in  the  water  near  Yolo.  However,  except  for 
large  differences  in  percentage  composition  of  alkalies,  chlorides,  and 
sulphates,  the  relations  of  the  elements  are  similar.  It  is  possible 
that  the  sample  from  Clear  Lake  was  taken  after  a  period  of  heavy 
rainfall,  when  the  chlorine  and  alkali  content  would  be  low,  and  it  is 
probable  that  the  average  content  is  greater  than  that  recorded. 

In  Borax  Lake,  where  the  water  exists  in  a  closed  basin,  the 
magnesium-calcium  ratio  attains  the  surprising  value  of  11  i  to 
1,  while  in  Clear  Lake,  immediately  adjacent,  the  ratio  is  1  to  1  J. 

Waters  of  Cache  Creek  at  Yolo, — At  the  town  of  Yolo  the  course 
of  the  creek  is  practically  straight  for  a  quarter  of  a  mile,  and  its 

a  Water-Supply  Paper  U.  S.  GeoL  Surrey  No.  45,  p.  33. 
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steep  banks  are  crowned  by  protecting  levees  and  by  a  growth  of 
small  trees.  The  river  bottom  is  gravelly,  with  loamy  stretches, 
and;  except  at  low  stage,  the  current  is  swift.  As  the  bed  is  sandy 
and  gravelly  for  a  long  distance  upstream,  the  water  shows  high 
turbidity  in  flood  season.  During  1908  daily  samples  were  col- 
lected by  Mrs.  Cornelia  Bigelow  at  the  United  States  Geological 
Survey's  gaging  station  until  August  7;  for  the  remainder  of  the 
year  the  river  was  dry. 

In  the  early  part  of  the  year  the  rainfall  was  heavy,  and  for  the 
period  between  January  30  and  February  8  the  run-off  reached  an 
average  of  4,711  acre-feet  a  day.  This  period  was  also  the  period 
of  maximum  suspended  matter,  but  not  of  minimum  dissolved  matter, 
which  occurred  in  the  following  ten  days  and  resulted  from  a  greatly 
decreased  sodium  and  chlorine  content.  The  flood  waters  receded 
after  the  middle  of  February,  and  there  was  a  short  period  of  lower 
discharge,  followed  by  another  flood  period  between  February  29  and 
March  10.  The  turbidity  at  this  time  was  much  less — the  soil  had 
recently  been  washed  clean  of  easily  transported  detritus  and  time 
for  new  accumulations  was  small — attaining  an  average  of  only  150 
parts  per  million,  as  compared  with  500  parts  in  the  previous  flood. 
The  minimum  value  for  dissolved  matter  was  again  found  ten  days 
later,  this  time  not  because  of  any  change  in  the  sodium  chloride 
content,  but  because  of  decrease  in  amount  of  alkaline  earths  and 
carbonates.  Sulphates  and  chlorides  also  show  a  slight  diminution 
in  the  later  analysis.  From  this  time  on  the  records  show  a  steady 
decrease  in  stream  flow  and  suspended  m^^tter  and  a  fairly  constant 
increase  in  dissolved  mineral  matter  until  the  surface  flow  ceased 
entirely,  when  a  maximum  of  nearly  300  parts  per  milUon  was 
reached. 

The  results  of  the  chemical  analyses  are  presented  in  the  accom- 
panying table.  The  water  is  of  the  calcic  and  magnesic  carbonate 
type.  Normal  carbonates  were  noted  at  various  times,  especially 
during  the  early  part  of  July,  when  the  tests  showed  about  12  parts 
per  million.  The  water  may  be  fitted  for  municipal  use  by  sedi- 
mentary and  bacterial  purification.  In  its  raw  state  it  is  not  suited 
for  use  in  laundries,  as  its  high  magnesium  content  and  its  relative 
hardness  would  cause  fairly  large  consumption  of  soap.  For  econom- 
ical steam  production  the  addition  of  small  amounts  of  softening 
reagents  is  desirable. 
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Mineral  analytes  of  tvaUrfrom  Cache  Creek  at  Yolo, 
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•  Creek  dry  during  the  rest  of  the  year. 


FEATHER   RIVER. 


DBSCRIPTION. 

Feather  River  drains  a  portion  of  the  western  slope  of  the  Sierra 
Nevada,  extending  eastward  almost  to  the  Nevada  line,  a  distance  of 
nearly  75  miles,  and  north  and  south  a  distance  of  30  to  40  miles. 
The  general  course  of  the  stream  is  west  to  southwest  to  the  point  at 
which  it  empties  into  Sacramento  River  near  Verona. 

The  Feather  receives  numerous  tributaries,  the  principal  ones  being 
the  North,  Middle,  and  South  forks.  The  greater  part  of  the  basin 
is  rough  and  mountainous.  The  bed  rock  in  the  southern  and  east- 
ern parts  of  the  basin  is  granite,  on  which  rests  the  comparatively 
deep  soil.  Lava  and  other  volcanic  materials  cover  considerable 
areas  in  the  middle  and  northern  portions  of  the  basin.  The  ground 
storage  provided  by  the  many  meadows  and  valleys  tends  to  main- 
tain a  steady  stream  flow  during  the  summer  months. 

The  entire  basin,  except  the  meadow  lands,  is  well  covered  with  a 
growth  of  brush  and  timber,  much  of  which  is  large  enough  to  make 
lumbering  a  profitable  industry.    The  meadow  lands  are  used  for 
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stock  raising  and  grazing.  Numerous  large  springs  are  found,  espe- 
cially in  the  lava  districts,  which  supply  a  more  or  less  constant  flow 
throughout  the  year.  Little  artificial  storage  has  been  developed  in 
the  drainage  area,  and  the  water  used  for  irrigation  in  the  valleys  is 
taken  from  the  natural  flow  of  the  stream. 

The  principal  industries  of  the  region  are  mining,  stock  raising, 
lumbering,  and  power  development  in  the  upper  basin,  while  in  the 
lower  valleys  agriculture  and  placer  mining  or  dredging  compete  for 
mastery  of  the  ground. 

CHARACTRR  OF  WATBR  AT  OROVUXB. 

Samples  for  this  investigation  were  collected  by  the  gage  reader 
at  the  gaging  station  near  Oroville."  The  river  at  this  point  flows  in 
a  rocky  channel  filled  with  coarse  gravel.  The  current  is  sluggish 
at  low  stages  and  very  swift  at  flood  seasons. 

During  the  winter  and  early  spring  the  river  is  swollen  from  heavy 
rains  and  at  this  time  carries  a  large  quantity  of  suspended  matter. 
Later  in  the  season  another  period  of  high  water  is  caused  by  the  melt- 
ing snow  on  the  mountains,  but  at  this  time  a  much  smaller  propor- 
tion of  suspended  matter  is  carried  and  the  water  is  of  better  quality. 

Results  of  the  analytical  study  are  presented  in  the  following  table. 
Calcium,  magnesium,  and  bicarbonates  constitute  the  greater  part  of 
the  dissolved  mineral  matter,  and  the  water  would  therefore  be 
classed  as  carbonate. 

The  water  is  well  adapted  for  industrial  and  domestic  use.  It 
could  be  used  in  boilers  with  little  danger  of  causing  scale,  and  if 
properly  filtered  would  form  an  admirable  municipal  supply.  At 
present  the  water  is  used  for  irrigation,  hydrauHc  mining,  power 
development,  and  for  a  pubUc  supply  for  the  town  of  Oroville. 

«  For  data  conoernlng  gage  heights  and  dlachaiges  see  Water-Supply  Papers  U.  S.  Geol.  Survey  Noa. 
81,86,100, 134,177,  and  213.  , 
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Mineral  analyses  of  water  from  Feather  River  at  Oroville. 
(Parts  per  million  unless  otherwise  stated.] 


a  Mean  of  Fe  values  after  July  1. 

YUBA   RIVER. 
DESCRIPTION. 

Yuba  River,  fourth  in  size  in  the  Sacramento  Valley,  unites  with 
Feather  River  at  Marysville,  30  miles  above  its  mouth.  It  drains 
about  1,357  square  miles  of  the  western  slope  of  the  Sierra  Nevada, 
comprising  portions  of  Sierra,  Nevada,  Plumas,  and  Yuba  counties. 
The  extreme  length  of  its  basin  is  about  71  miles;  the  extreme  width 
is  36  miles. 

For  the  lower  10  miles  of  its  course  in  the  foothills  the  bed  of  the 
river  is  badly  clogged  with  d6bris  from  hydraulic  mining  camps  and 
is  held  between  levees  which  have  been  raised  from  year  to  year  to 
meet  the  overflow  caused  by  the  filling  up  of  the  area  between  them. 
The  channel  of  the  river  in  the  lower  foothills  has  been  filled  with 
cobbles  and  bowlders  to  a  depth  of  more  than  100  feet.     From  the 
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foothills  to  the  mouth  of  the  river  at  Marysville  the  stream  flows 
over  a  bed  of  gravel,  sand,  and  clay  recently  built  up  from  the  mines 
above.  The  channels  are  irregular  and  change  from  winter  to  winter 
and  sometimes  during  the  summer. 

The  drainage  basin  may  be  subdivided  into  five  small  basins, 
namely:  North  Fork,  491.6  square  miles  in  extent;  Middle  Fork,  218 
square  miles;  South  Fork,  360  square  miles;  Deer  Creek,  89.6  square 
miles;  and  Dry  Creek,  105.5  square  miles.  In  addition  to  these  an 
area  of  92.5  square  miles  drains  into  the  main  stream  just*  above  the 
100-foot  contour.  Dry  Creek  joins  the  river  from  the  north  just  as 
it  leaves  the  foothills;  the  other  streams  imite  with  it  in  the  moim- 
tains. 

In  the  western  and  lower  portions  of  the  drainage  area  are  slates 
and  kindred  rocks,  very  much  eroded,  and  merging  into  the  gravel 
and  alluvial  deposits  of  the  Great  Valley  of  California.     The  rocks 
of  the  upper  portions  of  the  basin  are  principally  lavas  and  granites, 
all  deeply  eroded.    A  stratum  of  serpentine  traverses  this  basin  in  a 
direction  generally  parallel  with  the  crest  of  the  Sierra.     It  is  inter- 
cepted by  the  North  Fork  at  Goodyears  Bar,  by  the  Middle  Fork  at 
Moores  Flat,  and  by  the  South  Fork  just  east  of  Washington.     This 
stratum  is  generally  softer  than  adjoining  strata,  and  through  it  the 
canyons  of  the  various  forks  are  upon  lighter  grades  than  immediately 
above  and  below  and  are  generally  much  wider.     It  is  of  fmther  in- 
terest because  it  forms  the  dividing  line  between  the  axuiferous 
strata  in  the  basin;  west  of  it  the  mines  are  more  extensive;  east  of  it 
the  gold-bearing  rock  occurs  irregularly  and  is  traced  with  difficulty. 
The  middle  and  upper  portions  of  the  basins  of  the  three  forks 
differ  materially.     The  North  Fork  rises  in  a  region  of  lavas  which 
vary  much  in  composition  and  hardness  but  which  generally  afford 
a  deep  soil  for  timber  and  shrub  growth.     The  Middle  Fork  rises  in 
similar  lavas  and  in  granite.     The  mean  elevation  of  the  crest  of 
the  Sierras  at  the  heads  of  these  forks  is  about  8,200  feet.     The 
main  and  tributary  streams  fall  rapidly  and  their  canyons  head  well 
back  into  the  mountains.     The  sides  of  these  canyons  are  covered  with 
timber  and  brush,  which,  with  the  deep  soil,  retain  the  moisture 
and  feed  numerous  perennial  springs.     This  condition  is  particularly 
noticeable  on  the  North  Fork*.     The  mean  annual  precipitation  upon 
the  drainage  areas  of  the  North  and  Middle  forks  is  about  54  inches. 
Warm  rains  and  soft  snow  sometimes  give  a  high  flood  run-off,  but 
snow  remains  on  the  peaks  imtil  midsummer.     The  headwaters  of 
the  South  Fork  lie  upon  a  broad  granite  surface  into  which  the 
streams  have  not  cut  deeply  imtil  the  main  stream  reaches  a  point 
16  miles  from  the  summit,  where  it  drops  rapidly  into  a  deeply  eroded 
canyon.     This  broad  surface  has  been  denuded  by  glacial  action, 
and  the  harder  nature  of  the  granite  has  not  permitted  a  deep  soil 
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to  form.  The  area  is,  therefore,  less  heavily  timbered  than  the  drain- 
age areas  of  the  other  two  forks.  This  topography  gives  a  broader 
and  more  gently  sloping  surface  than  characterizes  the  headwaters 
of  other  Sierra  Nevada  streams.  Over  the  surface  are  scattered 
nearly  100  glacial  lakelets  and  valleys,  affording  many  excellent 
reservoir  sites  which  have  been  or  are  to  be  utilized.  This  elevated 
area  receives  a  mean  annual  precipitation  of  60  inches,  most  of  which 
is  in  the  form  of  snow.  The  melting  of  tliis  snow  maintains  the  dis- 
charge of  the  tributaries  until  June  or  July,  and  with  the  natural 
and  artificial  reservoirs,  makes  the  South  Fork  of  the  Yuba  a  highly 
valuable  and  reliable  source  of  supply. 

The  basin  of  the  Yuba  is  not  thickly  populated,  most  of  the  towns 
being  mining  communities  of  between  100  and  200  inhabitants. 
The  principal  industries  in  the  upper  reaches  are  mining,  lumbering, 
and  stock  raising.  Irrigation  headworks  of  considerable  size  are 
located  in  the  foothills,  and  these  supply  water  for  agricultural  pur- 
poses in  the  lower  valleys. 

CHARACTER  OF  WATER  NEAR  SMARTSVILLE. 

Samples  of  water  for  this  investigation  were  collected  at  the 
gaging  station  near  Smartsville  °  by  J.  R.  McKeel,  the  gage  reader. 
The  stream  at  this  point  is  swift  at  all  stages.  Both  banks  are  steep 
and  rocky  and  are  not  subject  to  overflow.  The  bed  of  the  stream 
is  composed  of  gravel  and  sand  and  is  constantly  shifting. 

Calcium,  magnesium,  and  bicarbonates  constitute  the  greater  part 
of  the  mineral  matter  in  solution,  and  the  water  would  therefore  be 
classed  as  carbonate.  Suspended  matter  is  high  during  periods  of 
extreme  flood,  but  is  at  all  times  coarse  and  could  be  readily  removed 
by  sedimentation  or  filtration. 

The  water  of  the  Yuba  is  used  in  no  manufacturing  industries  at 
the  present  time,  although,  like  that  of  other  Sierra  streams,  it  is 
fitted  for  almost  any  industrial  use  if  properly  clarified. 

a  For  data  relative  to  gage  heights  and  discharges  for  the  years  1903  to  1906  see  Water-Supply  Papers 
U.  S.  Oeol.  Survey  Nos.  100, 134, 177,  and  213. 
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Mineral  analyses  of  water  from  Yuba  River  at  SmartiviUe, 
[Parts  per  million  unless  otherwise  stated.) 
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30 
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9 
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.0 
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23 

4.9 
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Feb. 

19 
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13 

2.6 
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3.4 
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1.9 

.0 

41 
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5.9 

94 

8,923 
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Feb.  20 

Feb. 

28 
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15 

2.4 

6.7 

3.3 

3.5 

2.7 

.0 

36 

7.1 

6.3 

56 
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8,211 
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11 
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13 

3.0 

8.3 

4.4 

5.2 

1.0 

.0 

41 

13 

5.9 
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liar.  12 
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21 
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3.3 

.4 

.0 
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8.9 
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1.7 

.0 

33 

a7 

3.9 

64 
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20 
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7.2 

4.0 

7.7 

4.5 

8.7 

2.2 

.0 

21 

7.1 

3.9 

56 

16,354 
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Apr.  21 
May     3 
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29 

352 

11 

2.4 

8.0 

2.8 

6.1 

1.5 

.0 

33 

7.9 

4.9 

70 

15,273 

7,700 

May 

10 

290 

15 

3.0 

8.9 

3.4 

6.6 

1.3 

.0 

27 

11 

6.4 

50 

25,117 

12,663 
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20 
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14 

1.8 

6.7 

2.9 

7.4 

.7 

.0 

26 

6.8 

4.9 

60 

17.416 

8.785 
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31 
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12 

2.0 
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4.2 

6.6 

.6 

.0 

28 

3.1 

4.9 

62 

22.604 

11,346 

June    1 
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9 
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12 

3.6 

7.7 

4.7 
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.0 

28 

9.7 

4.9 

62 
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12.528 
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19 
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i.7 

.0 
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5.1 

64 
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>0 
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11 
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4.6 

10 

7.7 
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3.8 
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8 

.6 
.4 

.0 
.0 

31 
35 

12 
11 

5.8 
4.9 

68 
74 
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July     2 
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0.30 
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July   11 
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20 
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16 

.15 

6.9 

2.8 

7 

.3 

.0 

3^ 

8.4 

4.9 

70 

6,413 
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31 

264 

14 

.10 

11 

3.1 

9 

.1 

.0 

46 

8.6 

5.4 

80 

1,624 

Aug.    1 
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10 

96 

13 

.15 

18 

5.0 

11 

.0 

69 

12 

4.9 

88 

872 

Aug.  11 

Aug. 

20 

74 

20 

.20 

23 

5.1 

10 

.0 

72 

12 

4.9 

114 

1.694 

Aug.  21 

Aug. 

30 

84 

15 

.20 

18 

4.5 

12 

.0 

60 

13 

4.4 

88 

1,283 

647 

Sept.    1     Sept 

10 

50 

13 

.13 

23 

4.7 

13 

.0 

^\ 

10 

4.4 

98 

1,099 

664 

Sept.  11  ;  Sept. 

20 

36 

14 

.30 

20 

6.4 

14 

.0 

64 

13 

5.1 

104 

1,016 

612 

8epL  21     Sept. 

30 

30 

11 

.15 

17 

4.9 

12 

.0 

62 

17 

4.6 
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979 

494 

Oct.     1 
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10 

34 

10 

.05 

23 

3.8 

9 

.6 

.0 

80 

12 
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94 

813 
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Oct.    11 
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20 

28 

8.4 

.10 

21 

5.2 

10 

.0 

76 

16 

5.6 
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801 

404 

Oct.   21 
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31 

9.6 

.25 

18 

4.6 

12 

.0 

73 

13 

5.0 
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2,284 

.396 

Nov.    1 

Nov. 

10 

13 

.76 

12 

4.9 

16 

.0 

58 

19 

&6 

no 

1.152 

Nov.  11 
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20 

18 

14 

.25 

15 

4.9 

10 

.0 

63 

23 
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1,756 
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30 

13 

.10 

20 

5.4 

14 

.0 

67 

22 

7.1 
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10 
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12 

.07 

18 

4.5 

.8 

.0 

.0 

69 

15 

ai 
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885 

Dec  11     Dec 

20 
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10 

.30 

11 

3.9 

8 

.7 

.6 

46 

19 

6.1 

84 

4,520 

Dec  21     Dec 

31 
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11 

.25 

8.6 

3.5 

10 

.0 

33 

10 

ai 

70 

13,542 

a  827 

Mean. 
Per  con 

191 

14 

a.21 

13 

4.3 

10 

.0 

48 

13 

6.5 

84 

9,814 

4,950 

tor  anhy- 

drous  residue.. 

ia7 

0.2 

15.6 

6.1 

11 

.9 

28.6 

15.5 

a6 

o  Mean  of  Fe  values  after  July  1. 


AMERICAN   RIVER. 


DESCRIPTION. 


American  River  rises  in  the  high  Sierra  at  an  elevation  of  about 
9,000  feet  above  sea  level  and  flows  generally  westward,  emptying 
into  Sacramento  River  just  above  the  city  of  Sacramento.  The 
river  is  80  miles  long  and  drains  about  2,000  square  miles  of  terri- 
tory lying  between  the  basins  of  Bear  and  Yuba  rivers  on  the  north 
and  Cosumnes  River  on  the  south.  The  higher  portions  of  the  basin 
are  composed  of  the  characteristic  granite  of  the  Sierra,  with  fair 
soil  covering  and  good  timber  growth.  The  river  has  three  main 
tributaries — the  North,  Middle,  and  South  forks — and  many  smaller 
ones. 
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The  territory  drained  by  the  American  is  not  thickly  settled,  few 
of  the  towns  having  a  population  greater  than  1,000.  The  principal 
industries  are  mining  in  the  upper  reaches  and  on  the  smaller  tribu- 
taries and  agriculture  in  the  lower  valleys.  In  the  past  much  hy- 
draulic mining  has  been  carried  on,  and  at  some  places  the  stream  bed 
has  been  filled  with  quantities  of  debris. 

CHARACTER  OF  RIVBR  WATER  AT  FAIROAKS. 

Samples  of  water  for  this  investigation  were  collected  by  the  gage 
reader  at  Fairoaks  Bridge,"  about  18  miles  above  the  mouth  of  the 
river.  The  channel  at  this  point  is  straight  for  400  feet  above  and 
below  the  station.  The  bed  of  the  stream  is  composed  of  gravel  and 
is  subject  to  slight  changes  at  times  of  high  water.  At  ordinary 
stages  the  river  is  about  210  feet  wide  and  4  feet  deep. 

During  the  winter  months  the  flow  of  the  stream  is  rather  torren- 
tial, because  of  the  large  areas  of  barren  and  sparsely  timbered 
country  in  the  lower  portions  of  the  watershed,  and  the  river  carries 
a  large  quantity  of  suspended  matter,  much  of  which  is  deposited  in 
a  short  time  if  the  water  is  allowed  to  remain  at  rest.  Later  in  the 
season  another  period  of  high  water  is  caused  by  the  melting  snow 
from  the  mountains;  at  this  time  the  water  carries  considerable  sus- 
pended matter,  generally  finer  than  that  of  the  winter  season.  This 
suspended  material  does  not  settle  readily  from  the  water,  but  remains 
to  impart  a  decided  turbidity  for  a  long  time. 

As  calcium,  magnesium,  and  bicarbonates  constitute  by  far  the 
greater  part  of  its  dissolved  material,  the  water  from  American  River 
would  be  classed  as  carbonate.  The  total  amount  of  dissolved  min- 
eral matter  is  not  high,  although  it  is  somewhat  greater  than  that  in 
more  southerly  streams  from  the  Sierra. 

The  water  of  this  river  is  used  for  mining,  power  development, 
irrigation,  and,  in  a  small  way,  for  the  municipal  supply  of  a  few 
towns  along  its  course,  but  it  is  not  at  present  employed  in  manu- 
factures, although  it  would  be  suitable  for  use  in  almost  any  industry 
if  the  suspended  matter  were  removed  by  sedimentation  or  filtration. 

tt  For  gage  heights  and  discharge  data  for  this  stream  see  Water-Supply  Papers  U.  S.  Geol.  Survey  Nos. 
184, 177,  and  213. 
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Mineral  analyses  of  water  from  American  River  at  Fairoais, 
(Parts  per  million  unless  otherwise  stated.) 
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4.6 

17 
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•  Mean  of  Fe  values  after  July  1. 
SAN  JOAQUIN  VALLEY. 


DESCRIPTION. 


San  Joaquin  Valley  proper  and  the  Tulare  Valley  are  so  closely 
related  and  so  merge  into  each  other  that  they  may  be  considered 
together.  A  low  alluvial  divide  scarce  serves  to  separate  the  two, 
80  that,  although  at  times  of  insufficient  rainfall  they  form  two 
distinct  drainage  areas,  at  other  times  the  waters  of  Tulare  Valley 
drain  through  Tulare  Lake  and  Kings  River  into  the  San  Joaquin. 

The  basin  is  in  general  a  southern  complement  of  the  Sacramento, 
being  bounded  on  the  west  by  the  Coast  Range,  on  the  east  by  the 
Sierra  Nevada,  and  on  the  south  by  the  Tehachapi  Mountains.  The 
total  length  of  the  valley  is  about  270  miles  and  its  area  is  approxi- 
mately  15,000  square  miles.     Owing  to  the  great  aridity  of  the 
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eastern  slopes  of  the  Coast  Range  practically  no  streams  flow  into 
the  valley  from  the  west,  but  from  the  east  several  large  rivers  join 
the  axial  San  Joaquin  to  form  the  sec^ond  most  important  river  system 
in  the  State.  As  a  result  of  the  great  drainage  from  the  east  and 
the  slight  drainage  from  the  west  the  San  Joaquin  has  been  gradually 
pushed  westward  by  the  deposition  of  detritus  along  the  banks  of 
the  eastern  tributaries  which  have  built  large,  gently  sloping  fans 
across  the  valley. 

SAN  JOAQUIN   RIVER. 
DESCRIPTION. 

San  Joaquin  River  drains  the  western  slope  of  the  Sierra  Nevada 
between  Merced  River  on  the  north  and  Kings  River  on  the  south, 
the  crest  of  its  divide  lying  at  an  elevation  of  13,000  to  14,000  feet 
above  sea  level  in  the  vicinity  of  Mount  Lyell  and  Mount  Groddard. 
The  river  has  numerous  tributaries  in  this  part  of  its  drainage  basin, 
many  of  which  rise  at  high  elevations. 

The  bed  rock  is  granite,  which  in  the  upper  reaches  is  bare  and 
sharply  marked  by  glacial  action.  The  middle  reaches  are  well 
timbered,  the  timber  diminishing  in  the  lower  foothills  as  the  stream 
approaches  the  valley,  where  the  soil  is  well  covered  with  brush 
and  grass.  The  precipitation  is  largely  in  the  form  of  snow  on  the 
higher  elevations,  which  melts  slowly  and  maintains  a  fairly  constant 
stream  flow  throughout  the  season.  Numerous  small  lakes  also 
aid  in  equalizing  the  flow. 

As  the  stream  flows  through  the  mountains  its  course  is  south- 
westward;  as  it  reaches  the  valley  it  turns  sharply  to  the  northwest 
and  flows  along  the  axis  of  the  valley.  In  this  lower  part  of  its 
course  its  fall  is  very  slight,  and  the  river  is  navigable  for  100  miles 
or  more  from  its  mouth. 

From  its  source  in  the  high  Sierra  to  the  point  where  it  joins  the 
Sacramento  at  Suisun  Bay  the  San  Joaquin  is  about  200  miles  long. 
It  receives  the  discharges  of  all  the  Sierra  streams  south  of  the 
Mokelumne  and  from  all  the  smaller  creeks  draining  from  the  eastern 
slope  of  the  Coast  Range  between  San  Francisco  Bay  and  the  Teha- 
chapi.  The  rivers  flowing  from  the  Sierra  to  the  San  Joaquin  run 
in  a  general  southeasterly  direction;  the  few  creeks  coming  from 
the  Coast  Range  flow  northwestward.  A  list  of  the  more  important 
tributaries  follows. 
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Principal  tributaries  of  San  Joaquin  River. 


From  the  west. 

pjorth  Fork. 
Kings  River {Middle  Fork. 

[South  Fork. 
Tule  River. 
Kaweah  River. 
Kern  River. 


From  the  c 

Mokelumne  River. 

Coeimmes  Creek. 
Calaveras  River. 

Stanislaus  River. 


North  Fork. 

Middle  Fork. 

South  Fork. 

[North  Fork. 

Middle  Fork. 

South  Fork. 


Tuolumne  River. . . 

Eleanor  Creek. 
Merced  River. 

Yosemite  River. 

Tanaya  Creek. 
Chowchilla  River. 
Fresno  River. 

Lumbering  and  mining  are  carried  on  in  the  upper  part  of  the 
drainage  basin.  In  the  valley  agricultiu*e  is  the  principal  industry, 
and  much  fruit  is  produced  in  this  section  of  the  State.  Grain  is 
raised  on  the  flat  lands  along  the  river  bottoms.  Water  for  irrigation 
is  obtained  from  the  Sierra  streams. 

CHARACTER  OP  WATER  NEAR  LATHROP. 

Samples  of  water  for  this  investigation  were  collected  from  the  river 
at  a  point  near  the  Southern  Pacific  Railroad  drawbridge,  between 
Lathrop  and  Tracy.  The  river  at  this  point  is  sluggish  at  low- 
water  stages,  but  during  high  water  it  overflows  the  levees  that 
are  built  to  confine  it  to  its  channel  and  floods  the  country  for  miles 
around.  At  the  drawbridge  the  river  is  more  or  less  influenced  by 
the  tides  at  periods  of  very  low  water.     No  gage  records  are  available. 

The  chemical  investigation  shows  the  water  to  be  of  good  quality, 
as  regards  dissolved  mineral  matter.  It  is,  however,  turbid  at  all 
seasons  of  the  year,  owing  to  the  exceedingly  fine  silt  which  is  brought 
down  from  the  hiUs  on  the  west  side  of  the  vaUey. 

The  presence  near  the  river  of  so  many  large  towns,  sewage  from 
which  may  contaminate  the  water,  is  sufficient  to  condemn  the  river 
as  a  source  of  public  supply.  There  is  no  reason  to  beUeve,  however, 
that  the  water  could  not  be  made  pure  and  wholesome  at  slight 
expense  by  proper  filtration  and  purification. 
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QUALITY  OF  CALIFORNIA  SURFACE   WATERS. 


Mineral  analyses  of  loaierfrom  San  Joaquin  River  at  Lathrop, 
[Parts  per  million  onleaB  othenriae  stated.] 


Date. 


From — 


To- 


I 


4 
r 

5 


1^ 

s6 

f- 


3i 

4 
I 


I 
1 

a 


190tt. 


Jan. 
Jan. 
Jan. 
Jan 
Feb.  10 
Feb.  20 
Mar.  2 
Mar.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  21 
May  3 
May  11 
May  21 
May  31 
Jane  11 
June  21 


July  1 
July  11 
July  21 
Aug.  1 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  10 
Sept.  21 
Oct.  1 
Oct.  11 
Oct.  21 
Nov.  1 
Nov.  11 
Nov.  21 
Dec.  1 
Dec.  11 
Dec.  21 


190G. 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Mar.  31 
Apr.  10 
Apr.  20 
Apr.  27 
May  10 
May  20 
May  30 
June  10 
June  20 
June  30 


July  7 
July  20 
July  30 
Aug.  10 
Aug.  20 
Aug.  30 
Sept.  9 
Sept.  19 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Nov.  30 
Dec.  10 
Dec.  20 
Deo.  31 


Mean 

Percentof  anhy- 
drous residue. 


82 

264 

160 

16 

84 

130 

128 

48 

78 

10 

76 

SO 

58 

18 

32 

26 

8 

6 


40 
20 
30 
200 
20 


38 
24 
38 
26 
32 
12 
34 
16 
28 
194 
78 


27 
22 
21 
22 
17 
21 
20 
16 
22 
20 
16 
11 
10 
10 
10 
10 

ao 

14 


9.4 

25 

11 

11 
9.8 
9.8 

17 

13 

17 

18 

19 

17 

17 

17 

19 

18 

15 

15 


3.0 
2.4 
1.2 
2.4 
1.6 
3.8 
6.0 
5.2 
4.0 
4.0 
2.0 
4.8 
2.4 
3.8 
2.0 
3.0 
3.2 
4.8 


Fe. 

.20 

.20 

.10 

.15 

.27 

.30 

.25 

.20 

.20 

.15 

.10 

.10 

.7 

.30 

.20 

.25 

.40 

.15 


32 

20 

10 
9.1 

15 

14 

13 

16 

15 

36 

11 
9.7 
8.6 
9.1 
8.9 
8.3 
8.8 

11 


ao 
a6 
ao 

16 

11 
11 

19- 
25 
29 
36 
41 


16 


1.23 
0.1 


18 
11.4 


12 
7.9 
5.0 

a7 

5.9 
5.9 
6.4 
7.4 
6.5 
7.8 
5.2 
5.3 
2.9 
3.5 
3.6 
5.7 
4.6 
&4 


a7 

2.9 
3.2 
4.6 
Z.9 
4.5 

as 
as 

12 
13 
16 
16 
14 
12 
14 
13 

as 
a  4 


ao 
ai 


55 
30 
22 
38 
17 
16 
11 
5.2 

a7 

15 
13 

9.6 

a7 
a5 
a9 
a2 

10 

a2 


a6 

2.9 
4.2 
2.7 
1.3 
1.9 
1.3 
1.2 
2.0 
4.4 
2.0 
1.3 
2.1 
2.2 
3.7 
1.0 
.9 


9.5 

a4 

12 
15 
12 
15 
20 
27 
37 
64 
68 
56 
52 
52 
48 
68 
25 
26 


ao 


118 
76 
50 
85 
61 
57 
63 
64 
51 
71 
51 


33 
42 
40 
38 
38 
44 
62 
72 
88 
102 
123 
122 
117 
110 
109 
HI 
73 
73 


59 
46 
17 
36 
18 
15 
16 
22 
15 
15 
9.1 
11 

a6 

9.1 

a7 

9.7 
12 
14 


9.2 
11 

as 
a9 
11 

16 
20 
30 
42 
59 
60 
60 
51 
47 
62 
56 
38 
23 


72 
39 
13 
20 
24 
12 
14 
15 
13 
15 
9.3 

a9 

7.8 
7.9 

as 

9.6 
7.8 
7.8 


as 

7.8 
7.8 
7.8 

a7 

11 
28 
40 


27 
17.1 


2a9 


26 

ia4 


30 

lao 


260 
186 
88 
204 
140 
122 
126 
138 
106 
186 
84 
84 
76 
GO 
60 
68 
72 
70 


70 
74 
80 
82 
72 
94 

iffi 
252 
328 
358 
324 


320 
310 
182 
158 


161 


a  Mean  of  Fe  values  after  July  1. 
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Mineral  analyses  o/tvater/rom  San  Joaquin  River  at  Lathrop — Continued. 


Date. 


From—      To — 


O 

s 

i 


1907. 
Dec.  31 

1908. 
Jtn.  10  j 
Jan.  20 
Jan.  30  ! 
Feb.  9 
Feb.  19 
Feb.  29 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  19 
May  29 
June  8 
June  18 
Jane  28 
July  8 
July  18 
July  28 
Aug.  7 
Aug.  17  _ 
Aug.  27 
Sept.  6 
Sept  16 
Sept  26 
Oct  6 
Oct.  16 
Oct.  26 
Nov.  5 
Nov.  15 
Nov.  25 
Dec  5 
Dec  15 
Dec  25 


1908. 
Jan.     9 


Jan.  10 
Jan.  20 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  17 
July  27 
Aug.  6 
Aug.  16 
Aug  26 
Sept.  5 
Sept.  16 
Sept  25 
Oct  5 
Oct  16 
Oct  25 
Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
Dec.  14 
Dec.  24 
Dee.  31 


Mean 

Percent  of  anhy- 
drous residue.. 


37 
84 
91 
193 


i 


18 


12 
22 

6 

30 
25| 
lOi 
40 
35 

9 
Tr. 

5 
26 
18 
25 


18 
25 


34 


30 
26 


52 


20 
22 
23 
21 
23 
21 
26| 
23 
20 
13 
14 
12 
14 
17 
13 
12 
11 
16 
15 
23 
15 
16 
16 
19 
25 
20 
19 
24 
19 
18 
17 
19 
20 
17 
27 
20 


10 
9.1 


a40  19 


.30 
0.1 


.251  14 

.39;  14 

.55,  8. 4 

.38  14 

.18  10 

.36'  6.8 

.45*  6.6 


5.5 

8.6 
6.0 
6.8 
7.8 

20 

17 

21 

29 

25 

33 


.20  40 

.29  37 

.10  34 

.15  37 

.12  25 

.10  25 

.18  29 

.751  31 

.28  28 

.38  25 

.50  21 

.50  23 


20 
9.6 


5.8 


8.7 

7.9 

5.5 

6.7 

8.8 

9.8 

6.3 

3.1 

6.4 

3.3 

2.3 

3.1 

2.0 

3. 

2.4 

2.8 

2.9 

7.2 

4.4 

11 

15 

16 

18 

20 

21 

20 

18 

19 

14 

14 

15 

18 

15 

15 

13 

14 


10 

4.8 


is 


25 

25 

26 

26 

33 

21 

24 

14 

17 

15 
8.2 
6.1 
6.5 
5.5 
8,0 
6.2 

12 

17 

21 

34 

52 

68 

70 

72 

77 

70 


43 
49 
56 
73 
60 
49 
46 
49 


17.3 


SO 

r 


0.0    61 


IS 

r 

S 


17.3 


57 
59 
59 
61 
73 
66 
63 
42 
37 
37 
29 
22 
26 
32 
27 
29 
32 
55 
53 
76 
98 
107 
116 
128 
139 
126 
123 
124 
98 
95 
104 
107 
105 
85 
90 
90 


74 


31 


18.7 


0.84 


2.4 

1.4 

1.2 
.80 
.88 
.50 
.34 

1.4 

1.1 

1.2 

1.2 

Tr. 

1.7 
.78 

1.3 
.92 
.52 

1.4 
.35 
.36 

2.0 


2.0 
1.0 
.64 
.36 
Tr. 
.94 
.86 
.68 
.70 
1.4 
1.0 
2.1 
1.7 
1.5 


1.0 
0.5 


22 

22 

22 

31 

31 

23 

17 
9.0 

19 

13 
6.0 
4.0 
5.0 
6.0 
4.5 
6.1 

11 

16 

28 

40 

77 
103 

98 
108 
116 
119 

87 
103 

73 

69 

80 

97 

79 

50 

54 

58 


47 
22.6 


147 


155 

146 

149 

145 

172 

138 

124 

94 

112 

84 

62 

52 

58 

63 

58 

56 

66 

131 

125 

203 

286 

357 

347 

396 

416 

391 

364 

373 

297 

268 

302 

372 

324 

256 

234 

247 


205 
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48  QUALITY  OF   CALIFORNIA  SURFACE   WATERS. 

MOKELUMNE   RIVER. 
DESCRIPTION. 

Mokelumne  River  rises  on  the  western  slope  of  the  Sierra  Nevada 
in  about  the  east  central  part  of  the  State.  It  flows  generally  west- 
ward to  southwestward  and  empties  into  the  series  of  sloughs  near 
the  confluence  of  San  Joaquin  and  Sacramento  rivers.  The  drainage 
basin  comprises  about  657  square  miles  of  territory,  heading  well 
back  toward  the  crest  of  the  Sierra  at  an  elevation  of  8,000  feet  above 
sea  level. 

The  bed  rock  is  granite,  with  good  soil  covering  and  heavy  timber 
growth  in  the  middle  and  upper  portions  of  the  basin;  in  the  lower 
portions  the  slopes  are  less  rugged,  the  vegetation  is  brush  and  scat- 
tered oak  timber,  and  there  are  large  areas  of  cultivated  land  and  pas- 
ture. Numerous  small  glacial  lakes  and  moraines  occur  in  the  upper 
reaches  of  the  basin.  On  the  upper  levels  the  precipitation  is  partly 
in  the  form  of  snow,  which  melts  in  the  early  spring,  causing  the 
greatest  stream  discharge  to  come  during  the  months  of  April,  May, 
and  June.  The  river  is  diverted  at  several  points  for  the  purposes 
of  mining  and  power  development,  but  the  diversions  have  no  appre- 
ciable effect  on  the  discharge. 

CHARACTER  OF  RIVER  WATER  NEAR  CLEMENTS. 

Samples  of  water  for  this  investigation  were  collected  by  the  gage 
reader  at  the  station  near  Clements."  The  stream  at  this  point  is 
straight  and  the  lower  of  its  banks  is  liable  to  overflow  at  high  stages. 
The  bed  is  composed  of  gravel  and  is  subject  to  slight  change. 

Except  during  periods  of  extremely  high  water  the  Mokelunme 
carries  Uttle  suspended  matter,  and  even  this  is  such  as  can  be  re- 
moved easily  by  filtration. 

The  water  may  be  classed  as  carbonate,  for  bicarbonates,  calcium, 
and  magnesium  constitute  the  greater  part  of  the  dissolved  mineral 
matter.  Total  soUds  are  not  high,  showing  that  the  water  is  fitted 
for  almost  any  industrial  use.  It  should  give  no  trouble  in  boilers, 
even  without  preUminary  treatment,  and  if  filtered  should  furnish  a 
satisfactory  domestic  supply. 

a  For  data  regarding  gage  heights  and  discharge  see  Water-Supply  Papers  U.  8.  Geol.  Sorvey  Nos.  134, 
177,  and  213. 
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Mineral  analyses  o/vxiUrfrom  Mokelumne  River  at  Clements. 
(Parts  per  million  unless  otherwise  stated.] 


Date. 

i 

J{ 

9t 

Mean  dis- 

1 

00 

O 

1 

i 

< 
+ 

1 

t 

B 

a 

38 

1 

i 

s 

a 

a 

2id 

2^ 

go 

r 

1. 

I 

I 

charge. 

From— 

To- 

1^ 

it 
51 

1906. 

1906. 

Jan.      1 

Jan.    10 

12ft  25 

1.6 

25 

6.7 

23 

0.0 

ao 

84 

24 

19 

126 

122 

61.6 

Jan     11 

Jan.    20 

504 

22 

5.0 

23 

3.4 

16 

2.3 

.3 

45 

19 

7.6 

70 

4,  .580   2,300 

Jan.    21 

Jan.    30 

19 

2.6 

12 

3.1 

2.3 

.0 

40 

10 

7.4 

1,345,      678 

Jan.    31 

Feb.     9 

"*66 

22 

2.2 

13 

4.0 

*  "7.'6 

1.0 

.0 

40 

17 

8.8 

"   "86 

742|      374 

Feb.    10 

Feb.   19 

46 

17 

2.0 

10 

3.0 

13 

2.0 

.0 

47 

11 

9.8 

84 

1.3.331      672 

Feb.   20 

Mar.     1 

m 

16 

2.4 

9.1 

3.2 

9.9 

.9 

.0 

41 

11 

7.5 

86  2,713;  1,368 

Mar.     2     Mar.   11 

16 

2.2 

9.1 

2.7 

5.2 

2.4 

.0 

40 

8.7 

8.7 

2,050   1,034 

Mar.    12     Mar.  21 

'92 

17 

3.0 

9.4 

3.8 

6.9 

2.6 

.0 

43 

14 

8.8 

■     '86 

4.562  2,300 

Mar.    22 

Mar.  31 

126 

11 

6.0 

11 

3.8 

7.9 

2.5 

.0 

36 

8.7 

7.8 

74 

8.678   4.375 

Apr.      I 

Apr.   10 

84 

15 

3.0 

7.1 

3.2 

9.6 

1.5 

.0 

35 

a4 

4.9 

70,  5,725 

2,886 

Apr.    11 

Apr.  20 

60 

7.6 

3.8 

7.7 

4.4 

5.7 

1.7 

.0 

28 

4.0 

8.9 

521  5.500 

2,773 

Apr.    21 

Apr.   30 
May    10 

28    13 

8.4 

17 

7.2 

6.9 

1.2 

.0 

24 

11 

5.9 

461  6,276 

3,164 

May      1 

6» 

11 

2.6 

6.6 

1.8 

6.0 

1.7 

.0 

24 

7.9 

3.9 

54  10,747 

5,418 

May    11 

May  20 

54 

11 

2.4 

7.2 

2.? 

5.8 

2.0 

.0 

24 

5.3 

5.9 

42  9,320 

4,609 

May   21  ;  May  X 

40 

7.2 

2.0 

6.0 

2.7 

5.5 

.9 

.0 

22 

8.4 

5.1 

46  8.192 

4,130 

May    31  >  June   10 

2S 

a8 

2.6 

7.4 

4.0 

6.8 

1.3 

.0 

25 

12 

4.1 

.12  9.892 

4.987 

Jane  11    June  19 

62 

9.0 

4.6 

6.0 

5.3 

5.4 

1.0 

.0 

17 

8.1 

4-4 

4614.457 

7.288 

June  21    June  30 

66 
56 

11 
17 

4-0 

6.3 
8.0 

1.8 
4.2 

9.0 

1 

4 

.0 
.0 

22 

5.8 
4.9 

3.9 
4.8 

3011,275 
5612,081 

5,684 

July     2    July   10 

Fe. 
.10 

6.091 

July    11    July  20 

74 

20 

.10 

9.7 

3.7 

18 

.0 

39 

8.6 

6.7 

56  6,835 

3.446 

July   21 

July  30 

86 

8.4 

.10 

6.9 

2.0 

8.0 

.0 

25 

4.8 

5.8 

44.  2,923 

1,474 

Aug.     1 

Aug.   10 

42 

11 

.10 

22 

4.4 

19 

.0 

43 

14 

5.^ 

78;  1,111 

562 

Aou.   11 

Aug.  20 

60 

13 

.10 

14 

4.0 

14 

.0 

40 

12 

5.8 

78       653 

329 

Aug.  22 

Aug.  30 

58 

12 

.15 

13 

3.8 

10 

.0 

44 

14 

7.7 

76^      392 

198 

Sept.    1 

Sept  10 

42 

9.4 

.1(^ 

15 

3.9 

9.8 

.0 

471  13 

6.3 

74       378 

191 

Sept.  13  ;  Sept.  20 

52 

19 

.23i  19 

5.9 

13 

.0 

62 

18 

12 

118       394 

90{      384 

70       382 
78:      384 

199 

Sept  21     Sept.  30 

50 

11 

.20   13 

4.1 

39 

.0 

46 

13 

8.1 

194 

Oct      1     Oct.     8 

68 

12 

.10!  17 

3.9 

18 

.0 

63 

10 

9.1 

177 

Oct    11     Oct.    20 

08 

9.i 

.10 

16 

2.0 

10 

.0 

49 

11 

7.6 

193 

Oct.    21     Oct.    31 

90 

9.6 

.13 

15 

3.6 

14 

.0 

49 

16 

6.6 

194 

Nov.     1 

Nov.  10 

88 

13 

.30 

11 

3.2 

14 

.0 

65 

12 

6.6 

84!     eaj 

.104 

Nov.  11 

Nov.  20 

64 

16 

1.00 

14 

5.2 

13 

.0 

63 

13 

8.6 

112.      417 

98       429 

225 

Nov.  21 

Nov.  .10 

62 

9.6 

.07 

17 

4.9 

14 

.0 

62 

17 

8.6 

216 

D€C       1 

Dec.    10 

128 

11.2 

.20 

21 

4.1 

13 

.0 

58 

15 

7.6 

96       425       214 

Dec.    11 

Dec.  20 

190 

16 

,15 

15 

4.5 

14 

.0 

48 

13 

9.7 

118,  2,256 

1.138 

Dec   21  1  Dec.  31 

88 

12 

.05i  11 

4.0 

15 

.0 

38 

14 

8.2 

86 

2.457 

1.239 

Mean. 
Percen 

84:  14 

a.  18 

12 

3.8 

13 

.0 

42 

12 

7.3 

75 

3,900 

1,883 

t  of  aniiy- 

droui 

I  residue. 

16.8 

0.2 

14.4 

4.6 

15-6 

25.2 
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STANISLAUS   RIVER. 


DESCRIPTION. 


Stanislaus  River  heads  well  back  into  the  higher  portion  of  the 
Sierra  Nevada,  at  altitudes  of  10,000  to  12,000  feet  above  sea  level, 
and  drains  a  portion  of  its  western  slope  lying  between  the  basins  of 
Mokelumne  River  on  the  north  and  the  Tuolumne  on  the  south. 
Its  course  is  in  general  southwestward,  and  it  joins  the  San  Joaquin 
in  the  vicinity  of  Vemalis,  about  halfway  between  Modesto  and 
Stockton.  In  the  upper  parts  of  the  basin  the  river  has  many 
tributaries  which  rise  in  small  glacial  lakes. 
35550— IBB  237—10 4 
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The  topography  of  the  drainage  area  is  rough  and  broken,  with 
high  mountain  peaks.  The  bed  rock  is  granite,  which  is  bare  and 
destitute  of  timber  growth  above  the  elevation  of  8,000  feet  except 
about  the  lakes  and  on  the  moraines.  In  the  middle  parts  of  the 
basin  the  soil  is  deep  and  the  growth  of  timber  is  good.  Precipita- 
tion is  largely  in  the  form  of  snow,  which  remains  on  the  higher 
elevations  well  into  the  summer  months,  and  which  produces  on 
melting  a  fairly  constant  stream  flow  throughout  the  season. 

The  principal  industries  are  mining  in  the  higher  areas  and  raising 
of  grain  and  fruit  in  the  lower  valleys.  Water  for  irrigation  is  taken 
from  the  river  at  points  above  Knights  Ferry,  to  be  used  in  the 
region  between  Knights  Ferry  and  Stockton. 

CHARACTER  OP  WATER. 

Samples  of  water  for  this  investigation  were  collected  at  the 
gaging  station  at  Knights  Ferry  ^  by  the  gage  reader  during  the 
first  part  of  the  year  1906.  Results  for  that  period  showed  such 
close  resemblance  between  the  waters  of  Tuolumne,  Merced,  and 
Stanislaus  rivers  that  the  sampling  stations  on  the  Merced  and 
Stanislaus  were  discontinued  and  the  results  obtained  with  the 
Tuolumne  were  regarded  as  typical  for  the  surface  waters  of  this 
section  of  the  State. 

The  stream  at  the  sampling  station  flows  between  low  banks 
of  cemented  gravel.  The  bed  is  composed  of  sand  and  gravel  and  is 
liable  to  slight  change. 

The  results  of  the  analytical  study  are  presented  in  the  accom- 
panying  analyses. 

The  chemical  analyses  show  that  the  water  would  be  well  adapted 
to  almost  any  industry  if  the  suspended  matter  were  removed,  and 
proper  clarification  would  fit  it  for  use  in  boilers  without  further 
treatment.  The  large  number  of  settlements  in  the  basin  make 
this  water  unsafe  for  domestic  purposes  without  purification,  and 
except  in  irrigation  enterprises  and  power  development,  little  use  is 
made  of  it. 


a  For  data  regarding  gage  heights  and  discharge  see  Water-Supply  Papers  U.  8.  Qeol.  Survey  Nos.  81, 
100,  134,  177,  and  213. 
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Mineral  aruUysei  of  water  from  Stani$lau8  River  at  Knights  Ferry, 
[Parti  per  million  unless  otherwise  stated.] 
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TUOLUMNE  RIVER. 


DESCRIPTION. 


Tuolumne  River  rises  on  the  western  slope  of  the  Sierra  Nevada 
and  drains  the  country  between  Stanislaus  River  on  the  north  and 
Merced  River  on  the  south,  flowing  in  a  general  west  to  southwesteriy 
course,  and  emptying  into  the  San  Joaquin  near  Modesto.  The 
country  throughout  the  basin  is  rough  and  rugged,  especially  along 
the  main  river,  which  cuts  through  solid  granite,  with  high  precipitous 
cliffs  on  both  sides.  This  stream  drains  the  northern  portion  of  the 
Yoaemite  National  Park,  within  which  lies  the  Grand  Canyon  of  the 
Tuolumne  and  the  Hetch  Hetchy  Valley. 

The  bed  rock  of  the  basin  is  granite,  which  on  the  higher  elevations 
is  bare  and  glaciated.  Along  the  middle  reaches  of  the  river  the  soil 
covering  is  good,  with  a  heavy  growth  of  pine,  fir,  cedar,  and  kindred 
trees.  On  the  lower  reaches  there  is  a  good  covering  of  brush,  which 
diminishes  in  the  foothills  as  the  stream  approaches  the  San  Joaquin 
Valley.  This  part  of  the  basin  has  a  light  soil  covering,  with  growth 
of  grass  which  is  used  for  pasturage.     In  the  upper  portions  of  the 
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basin  are  several  glacial  lakes,  some  of  the  larger  offering  exceptional 
advantages  for  the  construction  of  storage  reservoirs. 

Several  diversions  are  made  from  the  river  for  purposes  of  irriga- 
tion. At  Lagrange,  where  the  stream  leaves  the  foothills,  are  the 
head  works  of  the  Turlock  and  Modesto  irrigation  canals  which  supply 
water  to  the  valley  regions  around  Modesto.  The  main  industries  of 
this  region  are  mining,  stock  raising,  and  agriculture.  Water  from 
the  river  is  used  for  no  other  purpose  until  it  reaches  the  valley,  where 
some  is  used  in  the  town  of  Modesto  as  a  domestic  supply. 

CHARACTER  OP  WATER  AT  LAGRANGE. 

Samples  of  water  for  this  investigation  were  collected  at  the  gaging 
station  at  Lagrange*  by  the  gage  reader.  The  river  at  this  point  is 
swift,  shallow,  and  wide  at  high  stages,  and  very  sluggish  during 
periods  of  low  water.  The  bed  of  the  stream  is  composed  of  coarse 
gravel  and  is  fairly  permanent. 

The  results  of  the  investigation  are  shown  by  the  accompanying 
analyses. 

The  water  is  well  adapted  to  almost  any  industrial  use  without 
previous  treatment.  Owing  to  the  comparatively  large  population 
in  the  lower  drainage  area  the  water  would  be  unfit  for  domestic  use 
unless  diverted  from  the  stream  far  above  all  points  of  possible  con- 
tamination or  unless  proper  means  should  be  employed  for  its  puri- 
fication. 

Mineral  analyses  of  water  from  Tuolumne  River  at  Lagrange. 
[Parts  per  million  unless  otherwise  stated.] 
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Mineral  aruUy$es  of  water  from  Tuolumne  River  at  Lagrange — Continued. 
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MEBGED   RIVER. 


DESCRIPTION. 


Merced  River  drains  that  portion  of  the  western  slope  of  the  Sierra 
Nevada  located  between  Tuolumne  River  on  the  north  and  the  San 
Joaquin  on  the  south,  its  drainage  area  being  much  smaller  than  that 
of  the  Tuolumne.  It  has  numerous  tributaries,  many  of  which  are  of 
considerable  size.  The  general  course  of  the  stream  is  from  the 
mountains  westward  to  southwestward,  and  it  enters  San  Joaquin 
River  near  Newman. 

The  topography  of  this  drainage  area  resembles  that  of  Tuolumne 
River,  being  rough  and  broken  in  the  upper  reaches.  This  basin 
include  the  Yosemite  National  Park  and  Yosemite  Valley,  with  its 
precipitous  walls  and  domes,  and  the  great  waterfalls,  which  plunge 
into  the  valley  over  cliffs  that  rise  2,000  to  3,000  feet  above  its  floor. 

On  the  upper  reaches  of  the  basin  above  Yosemite  Valley  the  bed 
rock  is  granite,  worn  bare  and  smooth  by  glacial  action.  The  middle 
reaches  of  the  basin  are  well  timbered.  In  the  basin  of  the  South  Fork 
is  the  Mariposa  grove  of  big  trees.  The  timber  growth  extends  well 
down  into  the  lower  elevations  of  the  foothills,  where  the  covering  is 
brush  and  grass,  which  is  used  extensively  for  pasturage.  Numerous 
lakes  are  scattered  over  the  upper  portion  of  the  basin.  The  pre- 
cipitation in  the  upper  areas  is  largely  in  the  form  of  snow,  which 
melts  in  the  spring  except  on  some  of  the  highest  peaks,  where  it  may 
remain  during  the  entire  year.     Below  Merced  Falls  canals  divert 
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water  for  the  irrigation  of  lands  along  the  river  bottoms  and  in  the 
San  Joaquin  Valley.  * 

CHARACTER  OP  WATER  AT  MERCED  PALLS. 

Samples  for  this  investiagtion  were  collected  at  the  gaging  station 
at  Merced  Falls'*  by  the  gage  reader.  The  stream  at  this  point  runs 
in  a  rocky  bed  walled  in  on  both  sides  by  high,  steep  banks.  The  bed 
is  of  gravel  and  is  subject  to  some  change  at  high  water.  Owing  to 
the  similarity  between  the  results  obtained  during  the  first  six  months 
on  this  stream  and  on  the  Stanislaus  and  Tuolumne,  which  drain 
practically  the  same  watersheds,  work  was  discontinued  at  the  end 
of  July  on  Merced  and  Stanislaus  rivers  and  only  the  Tuolumne  sta- 
tion was  kept  up.  The  results  of  the  investigation  are  presented  in 
the  accompanying  analyses. 

The  total  mineral  matter  is  low,  as  would  be  expected  from  a 
stream  draining  an  area  whose  rocks  are  almost  entirely  granite. 
Except  for  the  small  amount  of  suspended  matter,  the  water  is  fit  for 
almost  any  industrial  use,  and,  if  filtered,  it  would  constitute  an  ex- 
cellent domestic  supply.  The  water  is  now  being  used  only  for  irriga- 
tion. 

Mineral  analyses  of  water  from  Merced  River  at  Merced  Palls, 

[Parts  per  million  unless  otherwise  stated. ] 
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KERN   RIVER. 
DESCRIPTION. 

Kern  River,  rising  in  the  highest  elevations  of  the  Sierra  Nevada 
at  the  extreme  southern  limit  of  the  range,  and  collecting  its  waters 
from  the  western  and  southern  slopes  of  Mount  Whitney  and  numerous 
other  high  peaks  grouped  around  it  which  reach  altitudes  exceeding 
14,000  feet  above  sea  level,  discharges  into  the  San  Joaquin  just  east 
of  Bakersfield.  For  about  65  miles  its  course  is  in  general  southward; 
it  then  turns  and  flows  southwestward  into  the  valley.  Its  drainage 
basin,  2,345  square  miles  in  extent,  is  larger  than  that  of  any  other 
tributary  of  the  San  Joaquin.  The  Kern  receives  numerous  tribu- 
taries, the  principal  ones  draining  the  higher  elevations  of  the  main 
crest  of  the  Sierra  and  entering  from  the  east. 

The  topography  of  the  basin  is  extremely  rough  and  broken  in  the 
upper  reaches,  becoming  less  rugged  in  the  middle  areas  in  the 
vicinity  of  Kemville,  where  there  is  a  large,  cultivated  valley.  Below 
this  valley  the  stream  enters  a  rough  canyon,  from  which  it  emerges 
into  the  flat  country  of  the  San  Joaquin  Valley.  The  entire  flow  of 
the  stream,  except  during  extreme  flood  stages,  is  diverted  and  used 
for  irrigation  at  points  where  the  river  emerges  from  the  foothills. 

The  bed  rock  of  the  Kern  basin  is  largely  granite.  Above  an  alti- 
tude of  10,000  feet  vegetation  is  practically  absent,  but  between 
altitudes  of  3,000  and  10,000  feet  there  is  good  depth  of  soil,  with 
timber  and  brush  covering.  The  lower  reaches  have  a  light  covering 
of  brush  and  grass. 

A  number  of  lakes  and  marshes  are  scattered  throughout  this  basin, 
but  they  are  less  numerous  than  in  the  basins  farther  north.  Several 
power  plants  are  located  on  the  Kern,  none  of  which,  however,  receive 
water  from  storage  reservoirs,  the  diversions  being  made  from  the 
natural  flow  of  the  stream  and  again  returned  to  the  river  channel. 

The  precipitation  is  very  light  throughout  the  basin  except  on  the 
higher  elevations,  where  snow  remains  through  the  summer  montlis. 
For  this  reason  there  are  few  floods  during  the  winter  and  in  the 
eariy  spring,  the  periods  of  highest  water  occurring  some  time  during 
the  summer. 

CHARACTER  OF  WATER  NEAR  BAKERSFIELD. 

Samples  of  water  for  this  investigation  were  collected  at  the 
gaging  station  of  the  Kern  County  Land  Company  about  5  miles 
above  Bakersfield  and  at  the  mouth  of  the  canyon.**  The  stream  at 
this  place  is  wide  and  shallow  at  ordinary  stages,  with  sandy  bottom. 
The  channel  has  been  improved  as  much  as  possible  above  and  below 

•  For  dau  concerning  g»ge  belglits  and  disobarge,  see  Water-Supply  Papers  U.  S.  Geol.  Sorvey  Nos. 
B^.V)0. 114,177,  and  213. 
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the  gaging  station  to  facilitate  measurement.  The  results  of  the 
investigation  are  presented  in  the  accompanying  analyses. 

The  dissolved  solids  are  not  high,  and  the  water  is  well  adapted  for 
industrial  use  if  clarified,  for  it  contains  Uttle  else  except  calcium, 
magnesium,  and  bicarbonates  in  solution. 

During  the  greater  part  of  the  year  it  would  probably  be  necessary 
to  add  small  quantities  of  soda  ash  or  some  such  scale  preventive  if 
the  water  were  used  in  boilers,  but  the  deposit  formed  would  not  be 
of  objectionable  character  and  could  be  readily  removed.  The 
amount  of  suspended  matter  carried  by  the  river  in  times  of  flood  is 
never  very  great,  and  owing  to  its  coarse,  sandy  character  it  readily 
settles  out  on  standing. 

Mineral  analyses  of  water  from  Kern  River  at  Bakersfidd, 
[Parts  per  million  unless  otherwise  stated.] 
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TULABE   LAKE. 

Tulare  Lake  is  a  shallow  body  of  water  lying  in  a  large,  elongated 
depression  just  south  of  Kings  River.  Its  level  fluctuates  widely 
from  year  to  year;  at  times  it  is  of  great  extent;  at  other  times  its 
bed  is  practically  dry.  Its  drainage  area  also  is  indefinite:  Some- 
times the  waters  of  Kings  River  overflow  into  it;  sometimes  it  dis- 
charges into  Kings  River;  and  sometimes  there  is  no  flow  in  either 
direction.  In  1906  the  bed  was  dry  and  large  grainfields  covered  the 
lake  floor;  in  1909  the  water  area  was  many  miles  in  extent. 

The  reason  for  these  peculiar  fluctuations  in  size  and  drainage  is  to 
be  found  in  the  climate  and  topography  of  the  region.  The  alluvial 
divide  between  Tulare  Lake  and  San  Joaquin  River  is  low ;  the  bottom 
of  Tulare  Lake  is  at  a  level  not  differing  greatly  from  that  of  the  bot- 
tom of  Kings  River;  henc^  the  relative  levels  of  the  water  in  the  two 
must  determine  the  direction  of  flow.  Floods  in  Kings  River  will 
send  discharge  waters  into  Tulare  Lake,  and  low  water  in  Kings  River 
will  cause  flow  in  the  opposite  direction.  The  connection  between  the 
two,  however,  is  not  constant,  and  in  times  of  low  water  it  is  absent 
altogether.  At  such  times  Tulare  Lake  gradually  dries  up  and 
becomes  a  gently  sloping  valley. 

In  1889  this  process  of  evaporation  had  been  in  progress  for  several 
years  and  the  w^aters  of  the  lake  were  so  concentrated  as  to  be  unfit 
for  irrigation  or  other  purposes.  At  this  time  an  analysis  of  the  water 
was  made  for  Prof.  E.  W.  Hilgard,  of  the  University  of  California, 
and  this  analysis  is  here  given  to  show  the  interesting  results  of  con- 
centration on  the  waters  of  the  region. 

Analysis  of  water  of  Tulare  Lake,  February,  1889.*^ 
[Parts  per  million.] 


Silica  (SiOj) 32 

Calcium  (Ca) 13 

Migneaum  (Mg) 11 

Sodium  (Na) 1,763 

Potamum  (K) 121 


Carbonate  radicle  (CO3) 958 

Sulphate  radicle  (SO^) 1, 023 

Chlorine  (CI) 996 

Organic  matter 227 

Total  solids 5, 195 


The  analysis  shows  a  strong  alkaline  sulphateil  water,  with  smaller 
amounts  of  the  chlorides  and  carbonates. 

ALAMEDA  CREBK. 

DESCRIPTION. 

Alameda  Creek  drains  that  part  of  the  Coast  Range  immediately 
east  and  south  of  San  Francisco  Bay.  The  creek  rises  in  the  Mount 
Diablo  Range  in  the  vicinity  of  Mount  Hamilton,  flows  north  and 
northwestward  for  about  30  miles,  and  empties  into  San  Francisco 
Bay  in  the  vicinity  of  Alvarado.     The  basin,  steep  and  rough  in  its 

a  Hilgard,  E.  W.,  Id  appendix  to  Kept.  Univ.  California,  Expor.  Sta.,  \>m. 
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upper  reaches,  broadens  out  in  the  lower  into  pleasant  valleys  aad 
sloping  hillsides,  which  are  extensively  cultivated.  Precipitation 
in  this  basin  is  almost  wholly  in  the  form  of  rain;  any  snow  that 
may  fall  during  the  winter  season  soon  melts  and  goes  to  swell  the 
floods  of  early  spring. 

CHARACTER   OF  WATER    AT   NILES. 

Samples  of  water  for  this  investigation  were  collected  at  a  point  on 
the  stream  just  above  the  stone  dam  above  Niles  by  Fred  Scott,  the 
study  of  the  creek  waters  having  been  included  in  this  work  at  the 
request  of  Prof.  Andrew  C.  Lawson,  of  the  University  of  California. 
The  bed  of  the  creek  at  the  sampUng  point  is  intercepted  by  rock 
strata,  which  serve  to  bring  most  of  the  underground  flow  to  the 
surface.  The  results  of  the  study  are  indicated  in  the  accompanying 
analyses. 

Mineral  analyses  of  water  from  Alameda  Creek  at  Niles. 
[Parts  per  milUon  unless  otherwise  stated.] 
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At  flood  times  the  stream  carries  an  excessive  amount  of  suspended 
matter,  both  coarse  sand  picked  up  from  the  bed  of  the  creek  and 
finer  material  washed  down  from  the  adobe-like  soil  of  the  hilbides. 
As  the  waters  subside  they  gradually  become  clearer,  until  at  low 
stages  they  are  quite  clear.  The  mineral  matter  in  solution  is  of  con- 
siderable interest,  containing  as  it  does  such  a  high  proportion  of 
magnesium.  This  is  dissolved  from  the  shales  and  magnesian  lime- 
stones which  are  said  to  occur  in  considerable  amounts  in  the  vicinity 
of  Livermore.  This  magnesium  renders  the  water  troublesome  when 
used  in  boilers,  and  some  form  of  softener  or  scale  preventive  is  needed. 

The  waters  of  Aiameda  Creek  are  especially  important  because  of 
the  fact  that  a  portion  of  the  present  water  supply  of  San  Francisco 
is  drawn  from  wells  sunk  in  the  gravel  beds  of  some  of  the  tributary 
streams  in  the  vicinity  of  Sunol.  Furthermore,  the  waters  of  the 
creek,  after  leaving  the  hills  near  Niles,  sink  into  deep  gravel  beds 
extending  from  the  mouth  of  the  canyon  to  the  bay,  and  a  number  of 
driven  wells  in  the  lower  end  of  these  gravel  beds  furnish  a  part  of  the 
public  supply  for  the  city  of  Oakland.  The  reservoir  furnishing  the 
main  supply  for  Oakland  is  located  in  the  next  drainage  area  north 
of  Alameda  Creek.  The  quality  of  these  public  supplies  is  well 
guarded.  The  first,  that  of  San  Francisco,  is  protected  from  con- 
tamination by  patrolling  the  catchment  basin;  the  second,  the  wells 
driven  into  the  gravels,  is  probably  free  from  pollution  because  of 
the  efficient  filtering  action  of  the  thick  layers  of  gravel  and  sand; 
and  the  third,  the  impounded  surface  waters  in  the  basin  north  of 
Alameda  Creek,  are  protected  by  thorough  inspection  and  are  puri- 
fied by  filtration. 

NOTES  ON  MUNICIPALmBS. 

Reports  were  received  from  79  settlements  in  the  San  Francisco 
Bay  drainage  area,  including  24  cities  and  towns  in  the  Sacramento 
Valley,  18  in  the  San  Joaquin  Valley,  and  37  in  the  region  bordering 
the  bay. 

In  the  Sacramento  Valley  10  towns  and  cities  report  the  use  of 
surface  water  only,  while  one  town  reports  a  combination  of  stream 
and  well  water.  The  per  capita  consumption  is  generally  high  and 
includes  large  quantities  of  irrigation  waters. 

In  the  San  Joaquin  Valley  5  towns  reported  use  of  surface  waters, 
one  reported  water  obtained  by  railroad  transportation,  and  the  rest 
reported  underground  supplies.  Data  as  to  consumption  were  gen- 
endly  lacking. 

Of  the  bay  cities  15  places  reported  the  use  of  surface  water  only, 
9  reported  using  both  surface  and  ground  water,  and  13  places  used 
wells.    The  tabulated  statistics  follow. 
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SOUTH  PACIFIC  OCEAN  DRAINAGE. 

DESCRIPTION. 

The  south  Pacific  Ocean  drainage  area  includes  the  narrow  strip 
of  land  extending  from  San  Francisco  Bay  to  the  Mexican  boundary, 
a  distance  of  about  350  miles,  and  bordered  on  the  east  by  the  Coast 
Ranges,  the  San  Bernardino  Mountains,  and  the  San  Jacinto  Moun- 
tains. Its  area  of  23,000  square  miles  includes  the  fertile  Salinas 
Valley,  the  great  orange  belt  of  southern  California,  and  the  San 
Diego  lands.     (See  PL  I,  in  pocket.) 

Important  among  the  river  systems  lying  within  this  area  are  the 
Salinas,  the  Santa  Maria,  the  Santa  Ana,  and  the  San  Gabriel.  The 
area  includes  abo  many  smaller  river  systems,  which,  owing  to  the 
generally  deficient  rainfall  of  the  region,  are  of  great  local  importance. 
Much  attention  is  being  paid  to  the  proper  development  of  the  water 
resources  of  this  strip  of  coastal  land,  and  for  this  reason  special  stress 
was  laid  upon  investigations  of  the  rivers  utilized  for  irrigation.  Sys- 
tematic studies  have  been  made  of  the  waters  of  the  Salinas  system 
and  the  streams  of  the  valley  of  southern  California,  as  well  as  of  the 
other  more  important  rivers  of  the  area.  The  principal  streams  in 
this  drainage  area  are  grouped  in  geographic  order  (north  to  south) 
in  the  table  below : 

Principal  rivers  of  south  Pacific  Ocean  drainage. 


Monterey  Bay  aubdrainage. 
San  Ix)renzo  River. 
Pajaro  River. 

San  Benito  River. 
Peecadero  Creek. 
Salinas  River. 

Chalone  Creek. 
San  Lorenzo  Creek. 
Gaviota  Creek. 
Indian  Valley  Creek. 
Estrella  River. 

San  Juan  Creek. 
Cholamo  Creek. 
Nacimiento  River. 
San  Antonio  River. 
Arroyo  Seco. 
Carmel  River. 
Big  Sur  River. 
Little  Sur  River. 
San  Luis  Obispo  Creek. 
Santa  Maria  River. 
Suey  Creek. 


Santa  Maria  River — Continued. 

Alamos  Creek. 

Sisquoc  River. 
San  Antonio  Creek. 
Santa  Ynez  River. 
Ventura  River. 
Santa  Clara  River. 
Malibu  Creek. 
Valley  of  southern  California. 

Los  Angeles  River. 

San  Gabriel  River. 

Rio  Hondo. 

Santa  Ana  River. 
Southern  subdrainage. 

San  Juan  Creek. 

Santa  Margarita  River. 

San  Luis  Rey  River. 

San  Dieguito  River. 
Santa  Ysabel  Creek. 

Otay  River. 

Tia  Juana. 

Cottonwood  Creek. 


The  summits  of  the  coast  ranges  limit  the  south  Pacific  Ocean 
drainage  area  on  the  east.  Southward  from  San  Francisco  Bay 
tliese  mountains  form  a  more  or  less  broken  and  ill-defined  chain, 
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being  divided  into  groups  or  series  of  parallel  ridges  following  in  gen- 
eral the  direction  of  the  shore  line.  The  Mount  Diablo  Range,  unit- 
ing with  the  Berkeley  and  Contra  Costa  hills  on  the  north,  forms  with 
the  Santa  Cruz  and  Gabilan  Mountains  the  northernmost  group. 
The  Tehachapi  Mountains,  crisscrossing  the  southern  borders  of 
these,  form  the  connecting  link  between  them  and  the  Sierra  Madre 
and  San  Bernardino  Range  of  southern  California.  These  in  turn 
give  place  to  the  San  Jacinto  Mountains,  which  soon  lose  themselves 
in  the  broken  and  scarcely  to  be  defined  ranges  of  San  Diego  County. 

The  imderlying  formation  of  the  coast  ranges  is  mainly  a  thick  bed 
composed  largely  of  pre-Cretaceous  sandstones  and  shaJes.  In  con- 
junction with  this  formation  are  light,  coarse,  easily  weathered  gran- 
ites and  other  granitic  rocks,  which  outcrop  in  various  places  all 
along  the  coastal  r^on.  The  core  of  the  San  Francisco  Peninsula 
and  practically  the  whole  of  the  Santa  Lucia  Range  is  granitic,*  and 
granite  also  outcrops  in  the  Mount  Diablo  Range.  Granites  are  again 
found  in  the  San  Bernardino  Mountains  and  in  the  Sierra  Madre,  and 
also  in  the  highlands  farther  south.  In  these  granitic  mountain 
regions  soil  is  almost  entirely  lacking  and  vegetation  is  restricted 
to  a  very  scant  growth  of  stunted  shrubs.  The  sandstones  of  the 
area  are  usually  massive  and  are  made  from  disintegrated  but  only 
slightly  decomposed  granitic  rocks. 

Overlying  the  basement  rocks  are  sedimentary  sandstones,  shales, 
and  conglomerates,  with  scattered  deposits  of  limestones.  Asphal- 
tum  and  bitumen  are  of  common  occurrence.  Lying  unconformably 
above  these  sediments  are  recent  sandstones,  poorly  cemented  and 
easily  weathered,  and  in  places  rich  in  iron.  Other  rocks  occasionally 
found  are  basaltic  and  diabasic  intrusives,  with  here  and  there  a 
small  ore  deposit.  Several  beds  of  coal  are  found  in  the  Mount 
Diablo  Range. 

The  soil  cover  varies  both  in  quantity  and  character.  In  the 
mountain  regions  it  is  frequently  almost  lacking,  and  where  found  is 
rather  in  the  nature  of  a  talus  than  a  true  soil.  Lower  down  in  the 
valleys  are  deeper  soils,  as  a  rule  sandy,  and  in  certain  localities  are 
adobe  lands. 

Forests  are  in  general  of  small  extent,  although  in  several  places 
along  the  extreme  coastal  ridges  and  in  the  San  Bernardino  Moun- 
tains good  stands  of  timber  are  found.  Estimates  of  the  Forest 
Service  of  the  Department  of  Agriculture  place  the  total  standing 
live  timber  of  merchantable  size  as  approximately  1,512,000  feet 
b.  m.  for  the  whole  drainage  area,  or  less  than  1  per  cent  of  the  total 
for  the  State.  At  present  there  is  in  some  localities  a  decided  tend- 
ency toward  eucalyptus  culture,  which  may  eventually  have  a  very 
salutary  effect  upon  the  run-off  of  this  region. 

«  A  full  description  of  this  granite  is  given  by  A.  C.  Lawson  in  Bull.  Dept.  Geology  Univ.  California, 
VQt  1.  No.  1,  p.  0. 

35650— IRR  237—10 5 
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The  population  of  the  drainage  area,  based  on  figures  of  the  Cali- 
fornia state  board  of  health  for  1907,  is  approximately  572,000.  Of 
this  population,  about  40,000  are  in  San  Diego  County.  San  Benito 
County  is  the  least  populous  in  the  region,  the  number  of  its  inhabit- 
ants having  been  estimated  at  6,788.  In  the  valley  of  southern 
California  the  population  is  scattered  over  the  whole  region,  centering 
in  numerous  small  cities  and  towns  and  in  the  city  of  Los  Angeles. 
In  the  remaining  sections  the  coastal  districts  and  river  valleys  only 
are  well  settled.  The  chief  centers  are  San  Diego,  Oxnard,  Ventura, 
Santa  Barbara,  San  Luis  Obispo,  Paso  Robles,  Salinas,  Monterey, 
Santa  Cruz,  Watsonville,  Hollister,  and  Gilroy.  Large  areas  of 
mountain  and  interior  lands  are  practically  without  inhabitants. 

Fruit  growing  is  the  chief  business  of  the  region,  but  cattle  raising 
and  dairying  are  important  industries.  The  valley  of  southern  Cali- 
fornia is  concerned  almost  exclusively  with  citrus  production;  Nord- 
hoff  Valley,  in  Ventura  County,  is  given  over  to  orange  groves;  and 
the  Pajaro  and  lower  Santa  Clara  valleys  and  the  coastal  regions  of 
Santa  Cruz  are  devoted  to  the  raising  of  apples.  Walnuts  and  apples 
are  grown  extensively  in  the  southern  part  of  the  region,  and  plums 
and  prunes  are  of  considerable  importance  in  the  northern  part. 
Beet-sugar  production  is  a  large  and  profitable  industry  of  the  Salinas 
Valley. 

Commerce  is  slight  except  by  rail,  as  there  are  no  really  good  har- 
bors along  this  whole  stretch  of  coast,  although  San  Diego  has  a  large 
and  partially  protected  bay  which,  with  proper  sea  wall  and  break- 
water, would  be  a  most  valuable  harbor. 

MONTEREY  BAY  SUBDRAINAGE. 

DESCRIPTION. 

The  first  break  in  the  coastal  mountains  south  of  San  Francisco 
Bay  occurs  just  south  of  the  city  of  Santa  Cruz,  where  an  indentation 
in  the  coast  line  forms  the  dovetail-shaped  Monterey  Bay,  into  which 
drain  several  rivers  of  considerable  importance.  Through  the  gap 
in  the  mountains  Pajaro  River  discharges  the  waters  of  San  Benito 
River  and  of  the  several  streams  of  the  south  Santa  Clara  Valley. 
North  of  this,  at  Santa  Cruz,  San  Lorenzo  River  empties  into  Santa 
Cruz  Harbor,  and  on  the  south  Salinas  River  meanders  through  a 
fertile  meadow  land  to  the  bay.  Carmel  River,  although  discharging 
its  water  into  the  smaller  Carmelo  Bay  on  the  south  instead  of  directly 
into  Monterey  Bay,  is  essentially  a  part  of  this  drainage  basin  and 
will  be  considered  with  it. 

SAN   LORENZO   RIVER. 
DBSCRIPnON. 

San  Lorenzo  River  rises  on  the  upper  slopes  of  the  Santa  Cruz 
Mountains,  flows  southward  to  southeastward  for  about  20  miles, 
and  empties  into  the  Pacific  Ocean  near  the  town  of  Santa  Cruz. 
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In  the  upper  part  of  its  basin  the  bed  rock  is  largely  granite  and  is 
well  covered  with  soil  which  supports  a  good  growth  of  timber.  In 
the  lower  reaches  the  stream  crosses  certain  beds  of  shale  and  sand- 
stone, from  which  it  picks  up  a  quantity  of  mineral  matter.  Numer- 
ous small  tributaries  drain  into  the  San  Lorenzo  from  the  steep  slopes 
at  the  sides  of  the  basin,  and  almost  all  of  these  creeks  carry  water 
better  than  that  of  the  main  stream. 

CHARACTBR  OF  WATER. 

Samples  for  this  investigation  were  collected  near  the  bridge  at 
Big  Trees,  just  below  the  town  of  Felton.  No  gagings  are  available. 
The  results  are  shown  in  the  accompanying  analyses. 


Mineral  analyses  of  voaterfrom  San  Lorenzo  River  at  Big  Trees. 
[Parts  per  million,  unless  otherwise  stated.] 


I>ate. 


1906. 
Jan.  6 
Jan.  11 
Jan.  31 
Jan.  31 
Feb.  10 
Feb.  20 
Mar.  3 
Mar.  12 
Mar.  22 
Apr.  I 
Apr.  11 
Apr.  21 
May  1 
May  n 
May  21 
Jane  1 
Jane  11 
Jime  21 


Joly  1 
Joly  11 
July  21 
Aug.  1 
Autf.  11 
Aug.  21 
Sept.  1 
Sept.  11 
Sept.  21 
Oct.  1 
Oct.  II 
Oct.  31 
Nov.  1 
Nov.  11 
Nov.  21 
Dec  1 
Dec.  11 
Dec  21 


To- 


1906. 
Jan.  10 
Jan.  30 
Jan.  30 
I  Feb.  9 
i  Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Mar.  31 
Apr.  10 
Apr.  30 
Apr.  30 
May  10 
May  20 
May  31 
June  10 
June  20 
June  30 


July  10 
July  20 
July  31 
Aug.  10 
Aug.  19 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Nov-  30 
Dec.  10 
Dec.  19 
Dec  31 


Percaitofanhy- 
dioos  residue. 


i 


I 
I 


20 

1,200 

72 


112 

116 

170 

176 

96 

62 

18 

30 

16 

114 

4 

16 

26 


60 
48 
Trace. 


18 
Trace. 
Trace. 
2 

38 

Trace. 

16 

36 

44 

6 

28 

134 

66 


84 


23 

9.1 


1.0 
1.8 

.8 
.8 
1.4 
2.2 
3.6 
3.6 
6.8 
2.4 
4.4 
6.0 
3.2 
3.2 
3.8 
4.0 
4.4 
6.4 


Fe. 
.10 
.10 
.07 
.06 
.10 
.10 
.16 
.20 
.20 
.10 
.05 
.10 
.30 
.70 
.60 
.07 
.10 
.20 


0.18 
0.1 


11.0 
6.3 

7.1 


44 

17.4 


8.0 
7.6 
8.4 
8.2 
6.9 
8.3 

10 

11 

12 

12 

12 

12 

12 

12 


11 

14 

10 

11 

11 
0.9 

11 

11 
0.3 

10 
9.5 
9.7 
9.8 

U 

12 

11 
8.9 
9.8 


10 
3.9 


Q 


0.6 
3.8 
1.7 
1.7 
0.3 
3.0 
5.4 
1.5 
1.8 
1.8 
3.6 
2.4 
3.6 
3.2 
2.2 
2.6 
1.9 
2.0 


16 
27 
34 
27 
42 
81 
38 
37 
43 
24 
44 
32 
37 
41 
43 
46 
32 
82 


31 
12.5 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
65.5 
.0 
67.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
28.5 


144 

79 
100 
118 
109 
99 
102 
87 
82 
99 
121 
156 
169 
170 
141 
142 
157 
162 


164 
162 
167 
154 
176 
166 
167 
164 

lea 

189 
184 
182 
174 
182 
186 
182 
128 
128 


147 


29 
11.5 


230 
198 
152 
238 
208 
170 
186 
216 
204 
202 
208 
276 
278 
288 
250 
254 
264 
260 


280 
280 
286 
296 
310 
274 
288 
284 
288 
260 
288 
284 
306 
286 
280 
310 
234 
262 


255 


•  Mean  of  Fe  values  after  July  1. 


6  Abnormal.    Computed  as  HCOi  In  the  average. 
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The  water  from  this  river  is  not  used  in  any  manufacturing  estab- 
lishmenty  that  from  the  smaller  creeks  being  preferred.  The  city  of 
Santa  Cruz  is  furnished  with  water  from  these  creeks.  Two  impor- 
tant industries  are  located  in  this  basin,  the  California  Powder  Works 
and  the  plant  of  the  Kron  Tanning  Company,  both  a  short  distance 
above  Santa  Cruz.  No  nitrating  is  done  at  the  powder  works,  and 
there  is  therefore  little  or  no  acid  waste  to  pollute  the  stream.  The 
wastes  from  the  tannery  consist  of  spent  liquors  and  washing  from 
the  hides,  which  are  run  into  sedimentation  basins  alongside  the 
river;  from  these  the  leachings  eventually  reach  the  stream.  As 
both  of  these  industries  are  located  below  the  point  at  which  the 
samples  were  taken,  the  effects  of  pollution,  if  any,  do  not  appear  in 
the  tabulated  analyses. 

In  the  basin  above  the  sampling  station  are  several  small  towns, 
for  the  most  part  summer  colonies.  It  is  probable  that  considerable 
sewage  and  house  drainage  finds  its  way  into  the  river  at  certain  sea- 
sons of  the  year,  rendering  its  water  unfit  for  use.  Otherwise  the 
water  is  clear  and  free  from  objectionable  mineral  substances.  In 
order  to  use  the  water  successfully  in  boilers  or  for  other  industrial 
purposes  for  which  a  hard  water  is  unsuited,  it  should  be  treated  with 
soda  ash  or  some  similar  softening  compound  to  remove  the  excess  of 
lime  and  magnesia.  As  these  exist  principally  as  the  bicarbonates, 
the  process  of  softening  the  water  would  be  comparatively  simple. 
Altogether  this  river  is  representative  of  the  better  class  of  coast 
streams,  which  for  the  most  part  drain  areas  in  which  shale  and 
sandstone  aboimd. 

SALINAS   RIVER   SYSTEM. 
DBSCRIPTION. 

The  Salinas  Valley  extends  from  the  Santa  Lucia  Mountains  north- 
westward for  about  150  miles  to  Monterey  Bay.  It  is  walled  in  oq 
the  northeast  by  the  Mount  Diablo  and  Gabilan  ranges,  which  sepa- 
rate it  from  the  San  Joaquin  and  San  Benito  valleys,  and  on  the 
southwest  by  the  Santa  Lucia  Moimtains  and  the  Sierra  del  Salinas, 
which,  respectively,  shut  it  off  from  the  Pacific  Ocean  and  the  Carmel 
Valley.  Smaller  valleys  join  it  at  intervals  from  both  sides  and  com- 
bine to  give  its  total  drainage  an  area  of  4,780  square  miles."  The 
valley  is  narrow  and  winding  in  its  upper  stretches,  but  broadens  out 
below  the  town  of  Bradley  to  an  average  width  of  20  miles.  Above 
Soledad  it  again  narrows  sharply,  its  average  width  at  that  point 
being  about  5  miles.  Nearing  Monterey  Bay  it  spreads  out  again 
into  a  broad,  fertile  coastal  valley.  Throughout  its  extent  it  is 
traversed  by  Salinas  River. 


o  Hamlin,  Homer,  The  water  resources  of  Salinas  Valley,  California:  Water-Supply  Paper  U.  8.  Geol. 
Survey  No.  89, 1004,  p.  10. 
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Arroyo  Seco. 
San  Antonio  River. 
Nacimiento  River. 
San  Marcos  Creek. 
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The  valleys  to  the  southwest  of  the  main  valley  are  fewer  than 
those  on  the  east,  but  they  are  in  general  w^ll  defined.  In  their  bot- 
toms are  important  creeks,  and  as  assets  they  far  outrank  their 
northeastern  complements.  The  latter  are,  with  two  exceptions,  of 
Uttle  importance,  containing  only  short  mesa  streams  of  torrential 
character.  The  difference  between  these  two  sets  of  tributary  valleys 
is  marked  not  only  by  the  character  and  importance  of  their  streams, 
but  by  the  casual  conditions  of  climate,  rainfall,  and  forest  covering. 
From  north  to  south  the  tributary  streams  are  as  follows: 

Principal  tributaries  of  Salinas  River. 
Sou^ western  tributaries.  Northeastern  tributaries. 

Gabilan  Creek. 
Chalone  Creek. 
San  Lorenzo  Creek. 
Gaviota  Creek. 
Bitterwater  Creek. 
Indian  Valley  Creek. 
Estrella  River: 

Cholame  Creek. 

San  Juan  Creek. 
Huer  Huero  Creek. 

The  soil  of  the  Salinas  Valley  is  the  disintegration  product  of  the 
imderlying  rock  and  hence  is  principally  sand.  In  places,  owing  to 
the  slight  decomposition  of  the  original  rock  materials  and  to  the 
semiaridity  of  the  climate,  the  loose  sandy  soil  is  rich  in  feldspar  and 
magnesiiun  salts  and  is  very  fertile  and  rich.  In  other  places,  chiefly 
near  the  head  of  the  valley  proper,  adobe  soils  occur.  At  present,  as 
a  result  of  injudicious  methods  of  agriculture  formerly  used  in  this 
section,  large  tracts  of  land  are  imutiUzed  and  considerable  reclama- 
tion work  will  be  necessary  in  these  regions  to  render  farming  pro- 
ductive. One  important  factor  in  deciding  the  crop-producing  value 
of  the  lands,  especially  in  the  central  and  upper  valley,  is  the  wind. 
The  loose,  sharp  sand  of  the  river  bottom  is  blown  about  by  the  strong 
northwest  winds  of  summer  and  spreads  over  the  surroimding  country 
in  rolling  dimes,  choking  vegetation  and  giving  to  small  areas  the 
appearance  of  a  desert. 

Agriculture  is  the  chief  industry  in  thp  valley,  but  cattle  raising 
holds  an  important  position,  the  hills,  useless  for  other  purposes, 
being  devoted  to  grazing.  Oats  and  barley  are  the  principal  crops 
and  alfalfa  is  extensively  cultivated.  In  the  lower  central  valley 
the  raising  of  sugar  beets  holds  an  important  position.  The  whole 
beet  crop  of  the  section  is  used  by  a  large  refinery  at  Spreckles,  4 
miles  up  the  valley  from  Salinas  City.  Nearer  the  mouth  of  the  river 
dairying  is  an  extensive  industry,  the  products  being  marketed 
chiefly  in  San  Francisco  and  the  Bay  cities. 
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At  Stone  Canyon,  in  the  mountains  above  the  town  of  Bradley,  is 
a  coal  deposit  of  some  local  importance.  The  coal  is  said  to  be  of 
good  grade. 

SALINAS  RIVBR. 

DESCRIPTION. 

Salinas  River  rises  on  the  northeastern  slopes  of  the  Santa  Lucia 
Range,  in  the  region  of  the  heaviest  rains  in  these  mountains,  flows 
in  a  general  northwesterly  course  and  discharges  its  waters  into 
Monterey  Bay.  The  valley  slopes  of  the  upper  reaches  of  the  basin 
are  well  forested  and  the  river  has  a  large  winter  flow  and  moderate 
summer  flow.  It  receives  many  small  tributaries,  the  most  im|>ortant 
of  which  are  listed  on  page  69. 

CHARACTER  OF  WATER  AT  8PRBCKLB8. 

Salinas  River  near  Spreckles's  sugar  refinery  above  Salinas  City 
is  a  broad,  shallow  stream  meandering  through  a  flat  bottom  land  of 
loose,  coarse  sand  interspersed  with  finer  quicksands.  The  following 
table  shows  the  estimated  monthly  discharge  of  the  river  for  1900 
and  part  of  1901 :° 

Estimated  monthly  discharge  of  Salinas  River  4  miles  south  of  Salinas, 
[Drainage  area,  4,084  square  miles.] 


Month. 


January  S-31 . 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November... 
December. . . . 


1900. 


January... 
February. 

March 

April 

May 

June 

July 


1901. 


Discharge  In  second-feet. 


Maximum. 


2,700 

223 

223 

32 

19 

17 

10 

8 

8 

4 

33,600 

1,050 


36,162 

20,927 

1,772 

405 

2,012 

160 

30 


' 

Minimum. 

Mean. 

223 

848 

40 

105 

25 

73 

19 

22 

17 

17 

15 

16 

6 

8 

6 

7 

2 

6 

1 

2 

0 

2,413 

82 

295 

380 

4.921 

540 

4, 131 

430 

1,063 

160 

270 

160 

533 

30 

56 

25 

27 

Ron 

Total  In 
acre-feet. 

Second- 
feet  per 

square 

mile. 

40,368 

0.21 

5,831 

.03 

4,489 

.02 

1,309 

.01 

1,045 

.00 

952 

.00 

492 

.00 

430 

.00 

357 

.00 

123 

.00 

143.583 

.59 

18,139 

.07 

302,580 

1.21 

231,701 

1.02 

65,361 

.26 

16,066 

.07 

32. 773 

.13 

3,332 

.01 

1,660 

.01 

Depth  In 
inches. 


0.19 
.03 
.02 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.66 
.06 


1.30 
1.08 
.30 
.07 
.15 
.01 
.01 


o  Hamlin,  Homer,  The  water  resources  of  Salinas  Valley,  California:  Wator-Supply  Paper  U.  S.  GeoL 
Survey  No.  89,  1904,  p.  48. 
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Samples  of  water  collected  at  this  point  on  April  6  and  August  28, 
1908,  were  analyzed,  with  the  results  shown  in  the  accompanying 
table. 


Analyses  of  waters  of  the  Salinas  River  system, 
[CoUected  and  uialyted  hj  Walton  Van  Winkle.    Quantities  in  parts  per  million.] 


Salinas  River  at 

Spreckels's  sugar 

refinery. 


Oaviota 

Creek 

Imile 

above 

3an  Ardo. 


Apr.  6, 
n08. 


Auk.  28, 
IMS. 


Apr.  7, 
1908. 


San  Lorento  Creek 

at  Matthews  dam 

site. 


Apr.  7, 
1906. 


Aug.  26, 
190B. 


Turbidity 

Silica  (SlOt) 

Iion(Fe) 

Calriinn  (Ca) 

Magnesiom  (Mg) 

Sodium  (Na) 

Potassium  (K) 

Carbonate  radicle  (COs) 

Bicarbonate  radicle  (HCOs) 

Sulphate  radicle  (SO*) 

Chlorlne(Cl) 

Nitrate  radksle  (NOs) 

Total  solids 


20 
28 

.15 
66 
31 

51 

24 
181 
150 

49 

1.3 
501 


10 
25 

.23 
72 
50 

70 

8.4 
249 
253 
80 

1.0 
781 


Trace. 
102 

.38 

286 

152 

f    402 

I      17 

12 

164 

1,848 

161 

1.0 

3,231 


5 
23 


.25 


167 

181 

617 

39 

37 

261 

1,793 

432 

39 

3,689 


6 
24 

150 

174 

725 

46 

24 

287 

1,728 

506 

A 

3,653 


.15 


Indian  Valley  Creek 
at  Douglas  ranch. 


Apr.  8, 
1908. 


Aug.  25, 
1908. 


Cholame  Creek  at 
Shandon. 


Apr.  9, 
1908. 


Aug.  24, 
1908. 


San  Juan  Creek  at 
Shandon. 


Apr.  9, 
1908. 


Aug.  24, 
1908. 


Huer 

Huero 

Creek 

nearPaao 

Robles. 


Apr.  9, 
1906. 


Turbidity 

8ilica(8iO«) 

IiDa(Fe) 

Calcium  (Ca) 

Mameaiam  (Mg) 

Sodium  (Na) 

Potassium  (IC) 

Carbonate  radicle  (COs) 

Bicarbonate  radicle  (HCOt). . . 

Sulphate  radicle  (SOO 

Chk>rine(Cl). 


10 


.18 


8 
43 


126 
81 

106 
72 
12 

250 

644 


Nitrate  radicle  (NO,). 
Total  soUcb. 


1,316 


.15 
145 
86 

>    164 

0.0 

437 

611 

74 

2.0 

1,352 


Trace. 
14 

.18 
110 
100 
f    487 
I      56 
0.0 
324 
836 
506 
.4 
2,^ 


5 
27 


.20 


73 

101 
486 
55 
20 
159 
891 
533 

2,332* 


10 
31 
1.0 
94 
35 
163 
45 
7.2 
201 
403 
236 
.3 
1,031 


.15 


59 
24 
112 
31 


124 
272 
131 

1.0 
746 


Trace. 
35 

.18 
59 
21 

82 

14 
281 

55 

71 

1.0 
451 
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The  water  is  distinctively  that  of  an  arid  region.  The  sulphate  is 
the  predominating  acid  radicle,  carbonates  ranking  second.  The 
chief  basic  constituent  is  calcium,  the  alkalis  showing  values  almost 
as  high.  Magnesium  is  relatively  high,  the  ratio  of  this  element  to 
calcium  being,  for  the  two  analyses,  1  to  2 J  and  1  to  1|.  The  normal 
carbonate  radicle  is  present  in  large  quantities,  as  is  also  the  bicar- 
bonate radicle.  Chlorine  is  relatively  low,  averaging  about  10  per 
cent,  while  the  sulphate  radicle  forms  about  30  per  cent  of  the  total 
niissolved  matter. 

The  water  is  unfit  for  domestic  or  boiler  use  without  treatment. 
Its  high  sulphate,  carbonate,  and  sodium  contents  make  it  doubtful 
whether  it  could  be  safely  used  for  irrigation.  As  all  water  taken 
from  the  river  at  this  point  would  have  to  be  pumped  to  the  land 
on  which  it  would  be. used,  it  is  extremely  improbable  that  it  will 
be  extensively  appUed  in  irrigation. 

CHARACTER  OF  WATER  AT  PASO  ROBLB8. 

Near  Paso  Robles  the  upper  Salinas  flows  through  a  broad,  rolling 
coimtry  with  considerable  covering  of  oak.  The  drainage  area  at 
this  point  is  about  400  square  miles."  The  river  here  is  practically 
perennial,  but  imfortimately  there  was  no  surface  flow  during  the 
summer  of  1908.  No  gage  records  were  kept  during  the  year,  but 
the  general  conditions  may  be  stated. 

The  greatest  discharge  occurred  in  January,  February,  and  March; 
following  this  was  a  period  of  drought,  during  which  the  river  gradu- 
ally subsided,  surface  flow  ceasing  entirely  on  July  17,  and  from  this 
time  until  October  the  river  was  dry.  From  October  1  \mtil  Decem- 
ber the  stream  flow  was  shght  and  was  produced  almost  entirely  by 
rainfall  in  the  Santa  Lucia  Moimtains.  Diu'ing  December  rain 
occmred  in  the  valley  proper  and  the  stream  began  to  rise  to  winter 
conditions. 

Samples  of  water  were  collected  daily  during  the  periods  of  flow, 
at  first  by  C.  B.  Weiser,  of  the  local  water  company,  and  later  in  the 
spring  by  J.  M.  Currell. 

apianimeter  measurement  on  United  States  Land  Office  map. 
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Mineral  aruilysei  of  water  from  Salinas  River  at  Paso  Robles, 
[Parts  per  million  unless  otherwise  stated.] 


Date. 


From— 


To— 


1907. 
Dec.  31 

1908. 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Feb.  29 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  19 
May  39 
Jane  8 
Jane  18 
Jane  28 
Joly  8 
Oet.  al 
Oct.  6 
Oet.  16 
Oct.  26 
Not.  6 
Nov.  15 
Nov.  25 
Dec.  5 
Dec.  15 
Dec.  24 


1908. 
Jan.     9 


Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  17 
Oct.  5 
Oct.  16 
Oct.  25 
Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
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a  River  dry  July  18  to  October  1. 

The  most  striking  feature  shown  by  the  series  of  analyses  is  the 
remarkable  increase  in  total  dissolved  material  at  the  close  of  the 
year.  From  December,  1907,  when  the  first  samples  were  collected, 
until  the  river  ceased  flowing  in  the  summer  of  1908  the  total  dis- 
solved material  varied  inversely  with  the  stream  flow,  falling  to  296 
parts  per  million  for  the  period  from  January  30  to  February  8, 
inclusive,  and  slowly  and  gradually  rising  from  that  time  on  imtil 
the  river  ceased  flowing,  when  the  total  dissolved  matter  was  537 
parts  per  million.  When  the  stream  began  flowing  above  groimd  in 
October  this  value  remained  practically  constant  imtil  the  first  part 
of  December.  With  the  first  rainfall  of  the  year  the  dissolved 
material,  instead  of  falling  with  the  flood  conditions,  rose  rapidly 
imtil  the  last  sample  taken  showed  a  value  of  648  parts  per  milUon. 
This  rise,  although  at  first  appearance  abnormal,  is  entirely  in 
accordance  with  what  might  be  expected  in  a  stream  in  a  semiarid 
region.  During  the  drought  of  the  summer  the  amount  of  soluble 
material  in  the  soil  due  to  weathering  of  the  rocks  and  to  other 
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causes  accximnlates  and  lies  ready  to  be  washed  into  the  rivers  hy 
the  first  rainfall.  Thus  with  the  first  general  rains  of  the  winter, 
the  dissolved  material,  instead  of  falling  off,  as  during  flood  con- 
ditions in  most  seasons,  rises  constantly,  and  it  falls  again  only  when 
the  surface  of  the  drainage  basin  has  been  scoured  by  these  early 
rains.  Had  the  analyses  been  continued  until  the  later  floods  of  the 
winter  of  1908-9,  a  constant  decrease  in  the  quantity  of  total  dis- 
solved material  would  have  appeared,  so  that  in  January  and  Feb- 
ruary the  figures  for  this  would  have  been  considerably  less  than  300 
parts  per  million.  As  great  floods  occurred  in  the  later  winter  of 
1908-9,  the  decrease  in  dissolved  material  would  probably  have  been 
very  marked. 

The  water  is  calcic  carbonate  in  type,  but  sulphates  are  important 
constituents.  The  alkalis,  sodium  and  potassium,  are  relatively 
imimportant  imtil  after  the  drought  of  the  summer,  but  following 
the  first  run-off  of  the  next  wet  season  they  are  greater  than  all 
other  bases.  This  increase  in  sodium  is  accompanied  by  a  cor- 
responding though  somewhat  smaller  increase  in  chlorine. 

The  water  is  not  well  suited  for  municipal  use  except  at  high  stages 
of  the  river.  Its  use  in  the  laundry  will  entail  a  large  expense  for 
soap.  In  boilers  and  in  the  engine  its  use  will  be  accompanied  by 
the  formation  of  scale.  Much  of  the  hard  scale  can,  however,  be 
prevented  by  chemical  treatment.  Corrosion  of  boilers  and  of 
kitchen  utensils  may  result  from  the  excessive  content  of  chlorides 
and  nitrates  in  the  water,  but  this  can  not  be  prevented  by  any 
chemical  process.  If  the  water  should  be  used  for  mimicipal  supply, 
therefore,  proper  storage  facilities  should  be  provided  so  that  the 
flood  discharge  may  be  impounded  and  used  throughout  the  year. 
No  manufacturing  plant  which  uses  water  as  an  essential  element 
of  its  process  can  use  the  water  of  Salinas  River  with  impimity,  and 
the  same  may  be  said  of  all  the  waters  in  the  Salinas  drainage  basin. 

SAN  LORENZO  CREEK. 

DESCRIPTION. 

San  Lorenzo  Creek  rises  in  the  western  slopes  of  the  Moimt  Diablo 
Range.  It  is  formed  by  the  junction  of  two  small  streams,  one 
flowing  southeastward  through  a  narrow  valley  for  about  15  miles, 
the  other,  Lewis  Creek,  flowing  northeastward  from  the  head  of 
Priest  Valley  in  the  Mount  Diablo  Range.  The  imited  waters  flow 
southwestward  to  Salinas  River,  having  received  Peachtree  Creek 
about  5  miles  below  their  junction.  The  total  drainage  area  of  San 
Lorenzo  Creek  at  the  Matthews  dam  site,  about  6  miles  northeast  of 
Kings  City,  is  235  square  miles. «  The  stream  is  torrential,  having 
a  large  winter  flow  and  being  almost  dry  in  summer. 

«  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  89,  p.  09  et  soq. 
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CHARACTER  OF  WATER. 


Samples  of  water  were  collected  from  San  Lorenzo  Creek  at  Mat- 
thews dam  site  on  April  7  and  August  25,  1908.  The  analyses  of 
these  samples  (see  table  on  p.  71)  show  this  stream  to  be  heavily- 
charged  with  dissolved  mineral  matter.  Although  one  sample  was 
taken  shortly  after  the  last  of  the  winter  rains  and  the  other  at  the 
height  of  the  dry  season,  the  analyses  show  little  difference  in  the 
quantity  of  matter  in  solution.  The  first  sample  yielded  on  evapo- 
ration 3,689  parts  per  miUion  of  dissolved  matter,  and  the  last  3,653 
parts.  The  chief  constituents  of  this  dissolved  matter  are  sodium 
and  sulphates.  The  alkalies  form  over  two-thirds  of  the  total  basic 
constituents,  and  on  evaporation  the  water  yields  large  quantities 
of  sodium  sulphate  or  white  alkaU.  In  the  dry  season  this  appears 
along  the  banks  of  the  stream  as  a  frothy  effervescence  on  the  rocks 
and  soil.  Qualitative  analysis  of  a  sample  collected  August  25, 
1908,  showed  it  to  be  almost  pure  sodium  sulphate. 

Normal  carbonates  are  present  in  large  amounts,  and,  however 
small  their  relative  proportion,  they  can  not  be  neglected.  No 
permanently  successful  irrigation  can  be  carried  on  with  water  of 
this  character,  and  the  ground  over  which  it  is  poured  will  soon 
become  fit  for  little  else  than  salt  grass,  as  the  minerals  dissolved  in 
it  are  toxic  to  plant  life. 

The  water  is  unfit  for  use  in  boilers  because  of  its  permanent 
hardness  and  its  tendency  to  foam  and  to  cause  corrosion,  and 
chemical  treatment  would  not  render  it  suitable.  Its  soap-consuming 
power  is  excessive,  food  cooked  in  it  would  lose  in  flavor  and  nutrient 
value,  and  persons  drinking  it  would  probably  be  unpleasantly 
affected. 

OAVIOTA  CRREK. 


DESCRIPTION. 


Gaviota  or  Poncha  Rica  Creek  rises  in  the  Mount  Diablo  Range, 
its  headwaters  being  separated  from  those  of  Cholame  Creek  by  a 
narrow  divide.  It  flows  through  a  deep  canyon  for  about  10  miles 
in  a  northwesterly  direction,  and  then,  turning  to  the  southwest, 
passes  through  the  mesas  to  SaUnas  River  near  San  Ardo.  It  is  a 
torrential  stream,  with  no  summer  flow  in  its  lower  reaches. 


CHARACTER  OF  WATER. 


A  sample  was  taken  from  this  creek  about  1  mile  above  San  Ardo 
on  April  7,  1908,  when  the  stream  was  at  low  stage.  In  August, 
1908,  when  the  creek  was  revisited,  its  bed  was  dry. 

The  analysis  (see  table  on  p.  71)  shows  that  the  water  of  this 
creek  is  of  very  different  type  from  that  of  San  Lorenzo  Creek. 
Although  the  total  dissolved  matter  is  but  slightly  less,  the  per- 
centage composition  differs  radically.  The  alkaUes  are  present  in 
amounts  about  equal  to  the  alkaline  earths,  carbonates  are  present 
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in  small  amounts  only,  and  chlorine  appears  in  about  one-third  the 
relative  quantity  found  in  San  Lorenzo  Creek.  Silica  is  high, 
showing  a  value  of  more  than  100  parts  per  miUion. 

This  water  is  unfit  for  irrigation,  steaming,  or  domestic  use.  If 
used  in  irrigation  it  would  saturate  the  soil  with  white  alkali;  in 
boilers  it  would  cause  corrosion,  scale,  and  foaming,  and  treatment 
would  not  materially  improve  it.  Its  soap-consuming  power  is 
prohibitive.  Taken  internally  its  use  would  be  attended  with 
intestinal  disorders. 

niDIAN  VALLBT  CRBBK. 
DESCRIPnON. 

Indian  Valley  Creek  rises  in  the  Mount  Diablo  Range  in  the  vicinity 
of  Stone  Canyon  and  flows  southwestward  through  a  broad,  deep  val- 
ley to  Salinas  River,  which  it  enters  about  4  miles  below  San  Miguel. 
In  summer  it  is  a  mere  trickhng  rivulet,  but  in  winter  it  has  the 
torrential  character  of  all  the  streams  of  the  region.  The  coal  mine 
at  Stone  Canyon  is  the  one  feature  that  gives  importance  to  the 
creek.  No  good  reservoir  sites  are  found  on  the  middle  or  lower 
reaches  of  the  creek. 

CHARACTER  OP  WATBR. 

Samples  of  water  were  taken  from  Indian  Valley  Creek  on  April 
8  and  August  25,  1908. 

The  analyses  (p.71)  show  the  water  to  be  much  better  than  that  of 
the  other  streams  on  the  northeast  side  of  the  Salinas  Valley.  Total 
dissolved  soUds  were,  in  one  sample,  1,316  parts  per  miUion,  and  in 
the  other  1,352  parts  per  milUon.  The  principal  difference  is  in 
the  amount  of  white  alkaU,  as  sodium  and  potassium  together  are 
present  in  about  one-fourth  the  amount  found  in  San  Lorenzo 
Creek  and  about  two-fifths  that  found  in  Gaviota  Creek.  The  sul- 
phate radicle  predominates  among  the  acids,  carbonates  being  the 
acid  element  of  second  importance.  Calcium  is  almost  as  high  in 
value  as  the  alkalies,  the  alkaline  earths  together  being  much  greater 
in  amount  than  the  alkahes  themselves. 

Although  the  water  is  far  superior  to  that  of  either  San  Lorenzo 
or  Gaviota  Creek,  it  is  unfit  for  ordinary  domestic  or  industrial 
use,  and  treatment  would  not  materially  improve  it.  In  irrigation 
it  might  be  used  successfully  if  the  greatest  care  and  the  most  scien- 
tific methods  were  employed. 

BSTRBLLA  RIVBR. 
DESCRIPTION. 

Estrella  River  is  formed  by  the  union  of  San  Juan  and  Cholame 
creeks.  San  Juan  Creek  rises  near  the  head  of  Carrizo  Plain,  and, 
skirting  its  western  edge,  traverses  a  broad  valley  northward  to 
Shandon,  where  it  meets  Cholame  Creek,  which  rises  in  the  Moimt 
Diablo  Range  and  flows  southward  through  a  narrow,  barren  valley. 
From  Shandon  the  Estrella  flows  northwestward  among  rolling  hills, 
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uniting  with  Salinas  River  at  San  Miguel,  at  which  place  its  drainage 
area  comprises  924  square  miles.**  The  country  through  which  it 
passes  is  semiarid  and  the  soil  is  sandy,  being  formed  from  the 
disintegration  of  sandstones  and  shales. 

CHARACTER  OF  WATER. 

Single  samples  were  taken  from  San  Juan  and  Cholame  creeks  at 
Shandon  in  April  and  August,  1908,  and  daily  samples  were  taken 
from  Estrella  River  near  San  Miguel  throughout  the  year  by  J.  A. 
Journey.  As  the  greater  part  of  the  water  of  Estrella  River  is  derived 
from  the  combined  discharges  of  the  creeks,  the  characteristics  of  the 
creek  waters  will  be  discussed  first. 

Mineral  analyses  of  water  from  Estrella  River  near  San  Miguel. 
[Dniiuge  area,  924  square  miles.    Quantities  in  parts  per  million  unless  otherwise  stated.] 
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It  is  evident  from  the  analyses  (p.  71)  that  the  two  streams  differ 
radically  in  the  quantity  and  character  of  the  dissolved  mineral  mat- 
ter. The  water  of  San  Juan  Creek,  containing  about  one-half  as 
much  mineral  matter  in  solution  as  Cholame  Creek,  is  distinctively  a 
sodic  sulphated  type,  calcium  being  the  second  most  prominent  base 
and  chlorine  the  second  most  important  acid  element.  The  water  of 
Cholame  Creek,  on  the  other  hand,  is  almost  as  highly  impregnated 
with  magnesium  as  with  calciimi,  and  one  analysis  shows  magnesium 
greater.  In  San  Juan  Creek  potassium  is  in  excess  of  magnesiiun;  in 
Cholame  Creek  the  potassium  content  is  only  half  as  great  as  the 
magnesiiun.  Carbonates  are  relatively  unimportant  in  both  streams, 
although  the  waters  of  both  show  at  times  some  normal  carbonates. 
Both  are  good  types  of  arid  region  waters  and  their  use  is  of  necessity 
restricted  to  irrigation.  Even  for  that  use  the  waters  might  at  times 
do  as  much  harm  as  good,  although  that  of  the  San  Juan,  if  judi- 
ciously applied,  can  probably  always  be  used  to  advantage. 

The  result  of  the  blending  of  these  two  waters  appears  in  Estrella 
River,  the  analyses  showing  strongly  the  sodium  sulphated  character 
of  both.  Chlorine  is  the  second  ranking  acid  element,  and  calcium  is 
second  among  the  bases.  Magnesium,  although  its  percentage  is 
small,  is  present  in  large  quantities,  measured  absolutely.  Nitrates 
are  usually  small,  but  at  times  are  quite  high.  Normal  carbonates  are 
present  in  considerable  amoimt.  Total  soUds  are  commonly  high, 
showing  a  tendency  to  rise  slightly  throughout  the  dry  season  and  to 
decrease  correspondingly  during  the  winter.  The  heavy  floods  of 
January,  February,  and  March  are  marked  by  considerable  variation 
in  dissolved  material  and  by  extreme  turbidity.  The  barren  nature 
of  the  San  Juan,  Cholame,  and  Estrella  valleys  and  the  adobe-like 
character  of  the  top  soil  combine  to  produce  conditions  of  decided 
turbidity  after  rains.  Thus  in  the  flood  discharge  of  January  20  to 
30,  1908,  the  average  turbidity  for  the  ten  days  was  2,890  parts  per 
million,  or  784  poimds  per  acre-foot  discharge. 

The  water  of  all  three  streams  is  unfit  for  steaming  or  municipal 
use.  Cholame  Creek  is  unfit  for  irrigation,  but  San  Juan  Creek  may 
be  used  to  advantage  if  the  winter  flow  can  be  stored  and  used  in  the 
dry  season  or  if  suitable  methods  are  employed. 

Estrella  River  water  is  also  imsuited  for  irrigation  imless  rigidly 
scientific  methods  are  employed,  for  its  use  will  be  attended  by  the 
deposition  of  white  alkali  and,  at  times,  of  considerable  black  alkali. 

HUER  HX7BRO  CREEK. 

DESCRIPTION. 

Huer  Huero  Creek  is  tributary  to  the  Salinas  south  of  San  Miguel. 
Its  drainage  area,  approximately  150  square  miles  ^  in  extent,  consists 
of  rolling  country,  partly  oak  covered  and  partly  under  cultivation. 

a  Planimeter  measurement  on  United  States  Land  OflSoe  mapw 
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OHABACTER  OF  WATER. 

A  single  sample  of  water  was  taken  from  Huer  Huero  Creek  on 
April  9,  1908,  at  the  ford  on  the  Creston  road.  At  this  time  there 
was  a  very  good  flow,  but  in  August,  when  the  locaUty  was  revisited, 
the  bed  was  dry. 

The  water  of  this  creek  is  shown  by  the  analysis  (p.  71)  to  be  en- 
tirely different  in  character  from  that  of  the  streams  of  the  Estrella 
River  valley.  It  contains  only  451  parts  per  million  of  dissolved 
minerals,  and  chief  among  its  constituents  are,  not  sodium  and  sul- 
phates, but  sodium  and  bicarbonates.  Normal  carbonates  are  pres- 
ent, and  the  evaporation  of  the  water  would  tend  to  produce  black 
alkali,  but  the  amount  of  white  alkali  is  small. 

The  stream  is  unimportant,  but  it  may  find  use  locally  for  irriga- 
tion, for  which  its  water  is  fairly  well  adapted. 

ARROYO  SBCO. 
DESCRIPTION. 

Arroyo  Seco,  the  most  northerly  of  the  tributaries  of  Salinas  River, 
rises  in  the  Santa  Lucia  Range,  one  of  the  smaller  groups  which  go 
to  make  up  the  Coast  Range,  and  flows  in  a  general  northeasterly 
direction  to  join  the  Salinas  near  Soledad.  The  upper  vaUeys  of  this 
stream  are  far  back  in  the  range,  surrounded  by  high  mountains. 

The  drainage  area  of  Arroyo  Seco  is  made  up  almost  entirely  of 
steep  ridges  and  canyons.  The  western  part  is  well  covered  with 
brush  and  trees  of  moderate  size,  but  this  growth  decreases  toward 
the  east  until  at  the  Salinas  Valley  the  country  is  quite  bare.  The 
stream  bed  falls  rapidly  from  an  elevation  of  about  6,000  feet  above 
sea  level  at  its  source  to  about  170  feet  at  its  mouth.  The  stream  is 
torrential  in  character,  the  flow  being  extremely  high  during  winter 
and  early  spring  and  dwindling  to  almost  nothing  later  in  the  season. 

The  basin  is  very  sparsely  settled,  there  being  only  a  few  towns  of 
scarce  a  hundred  population.  The  main  industries  are  farming  and 
stock  raising. 

CHARACTER   OP   WATER. 

Samples  of  water  for  this  investigation  were  collected  by  the  gage 
reader  at  the  gaging  station  near  Pettitt's  ranch,  above  Soledad." 
The  stream  at  this  point  flows  between  high  rocky  banks  and  its  bed 
is  composed  of  rock  and  gravel. 

The  floods  of  winter  and  early  spring  are  accompanied  by  increases 
in  the  quantity  of  matter  carried  by  the  stream  in  suspension.     Later 

•  For  data  oonoemizig  the  gage  heights  and  discharge  of  this  stream  see  Water-Supply  Papers  U.  S.  QeoL 
Nos.  81, 100, 134, 177,  and  213. 
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in  the  season,  as  the  flow  diminishes,  the  water  becomes  almost 
limpid. 

The  water  is  essentially  of  the  carbonate  type,  calcium  and  magne- 
sium predominating  in  the  basic  matter.  The  total  amount  of  min- 
eral matter  is  fairly  high,  although  not  as  compared  with  that  of 
some  of  the  other  streams  in  the  SaUnas  basin. 

The  water  from  Arroyo  Seco  is  used  for  irrigation  in  the  lower 
valley,  canals  and  intakes  being  constructed  to  divert  the  water 
before  it  reaches  the  broad,  level  valley  of  the  Salinas.  Numerous 
reservoir  sites  have  been  surveyed  on  this  watershed  and  on  the 
tributaries  with  the  object  of  storing  the  flood  waters,  but  as  yet  the 
water  has  not  been  used  except  for  irrigation. 

Mineral  analyses  of  water  from  Arroyo  Seco  at  Soledad, 
[Parts  per  million  unless  otherwise  stated.] 
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SAIf  ANTONIO  RIVBR. 
DBSCBIFTION. 

San  Antonio  River  rises  in  the  Santa  Lucia  Mountains  directly 
south  of  Santa  Lucia  Peak,  which  separates  its  drainage  basin  from 
that  of  Arroyo  Seco.  Flowing  to  the  southwest  in  a  rather  narrow 
oak-«tudded  valley,  it  leaves  the  mountains  near  the  town  of  Jolon 
and  enters  there  a  series  of  broad  valleys  with  sandy  soil  covering, 
through  which  it  winds  it  way  to  the  Salinas.  Its  total  drainage  area 
is  estimated  to  be  340  square  miles.**  During  the  summer  season  this 
river  has  no  surface  flow  in  its  lower  course,  although  its  subsurface 
flow  is  probably  good. 

CHARACTER  OF  WATER. 

Samples  of  water  for  this  investigation  were  collected  daily  during 
1908  by  Andrew  Branch  at  Branches  ranch  house,  near  the  Pinkerton 
dam  site,  where  the  river  flows  through  a  narrow  pass  between  sand- 
stone hills.  The  bed  of  the  stream  at  this  point  is  sand  to  about  25 
feet  thick,  and  there  is  surface  flow  during  the  greater  part  of  the 
year.  In  the  dry  season  and  even  in  the  driest  years  water  may 
always  be  found  witliin  a  foot  to  18  inches  of  the  surface.  During  the 
last  part  of  1908  the  river  bed  was  dry  and  the  samples  for  analysis 
were  obtained  by  digging  a  hole  in  the  sand  bed  until  the  underflow 
water  was  tapped.  The  drainage  area  of  the  river  at  the  dam  site  is 
322  square  miles.* 

Precise  data  r^arding  the  flow  of  the  river  in  1 908  are  not  available, 
but  the  general  conditions  may  be  summarized:  Maximum-flow 
periods  occurred  in  January  and  February,  after  which  the  discharge 
decreased  and  the  bed  of  the  stream  at  the  ranch  was  quite  dry  until 
early  in  December.  During  December  rainfall  in  the  Santa  Lucia 
Mountains  brought  a  renewal  of  surface  flow,  and  the  river  remained 
as  a  surface-flowing  stream  for  the  remainder  of  the  year. 

The  results  of  the  investigation  are  presented  in  the  accompanying 
analyses: 

«  Office  records  of  U.  S.  Oeol.  Survey. 

*  Hamllo,  Homer,  The  water  resources  of  Salinas  Valley,  California:  Water-Supply  Paper  U.  S.  Geol. 
Surrey  No.  89, 1904,  p.  91. 
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Mineral  analyses  of  water  from  San  Antonio  River  near  Bradley, 
[Parts  per  milUoo  unleas  otherwise  stated.] 


After  the  last  heavy  rains  in  February  the  amount  of  mineral 
matter  in  solution  increased  steadily  until  the  end  of  May.  Through- 
out the  month  of  June  this  increase  was  greatly  accelerated,  the 
amount  of  dissolved  matter  rising  from  336  parts  to  746  parts  per 
million  witliin  the  month.  After  remaining  at  almost  700  parts  per 
milUon  for  nearly  a  month  there  was  a  sudden  drop,  as  the  river 
became  dry,  to  about  335  parts  per  miUion.  This  value  was  main- 
tained vni\\  great  constancy  until  the  latter  part  of  October,  when 
there  was  another  quick  rise  to  575  parts  per  milUon,  followed  by  a 
steady  falling  off  until  the  end  of  the  year.  Although  all  elements 
in  solution  increased  during  these  two  periods  of  great  increase  in 
dissolved  materials,  the  largest  increase  was  in  the  alkaUes,  sulphates, 
and  chlorides.  In  each  of  these  there  was  a  percentage  increase, 
while  all  other  elements  showed  corresponding  percentage  decreases. 
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This  curious  phenomenon  probably  results  from  the  evaporation 
of  the  water  flowing  just  on  or  near  the  surface,  which  causes  a  much 
greater  concentration  of  salts  at  the  periods  when  surface  flow  is 
either  just  ceasing  or  just  recommencing.  Aiding  the  effect  of 
renewed  flow  is  the  re-solution  of  leached  salts  as  the  subsurface 
stream  rises  in  its  bed  and  as  the  land  is  washed  off  later  by  the  early 
rains.  The  extreme  rise  in  total  dissolved  material  shown  during 
the  first  period  is  accounted  for  by  the  fact  that  the  dry  season  was 
then  well  under  way  and  the  surface  flow  was  very  small — a  mere  rib- 
bon of  water  flowing  over  the  loose,  sandy  bed,  from  all  parts  of  which 
evaporation  was  progressing.  During  the  later  period  there  was  no 
surface  flow  to  be  evaporated  and  the  water  was  rising  in  a  dry  sand 
bed  into  which  it  trickled  slowly.  Hence  the  absence  of  evaporation 
would  be  partly  offset  by  the  increased  solution  of  salts  remaining  as 
teachings  in  the  sand. 

Suspended  matter  attained  its  maximum  value  during  late  Jan- 
uary and  early  February,  the  largest  average  being  197  parts  per 
million  for  February  9  to  18,  inclusive.  At  no  other  time  during  the 
year  was  the  water  turbid.  Corresponding  to  the  period  of  turbidity 
is  a  period  of  low  total  dissolved  solids,  showing  clearly  the  result 
of  flood  conditions. 

The  predominating  basic  element  in  this  water  is  calcium,  which 
averages  nearly  16  per  cent  of  the  total  dissolved  matter.  The  varia- 
tion of  this  element  is  entirely  in  accord  with  the  variation  in 
total  mineral  matter,  the  maximum  quantity  being  120  parts  per 
million  June  28  to  July  7,  and  the  minimum  42  parts  per  million 
February  29  to  March  9.  Sulphates  are  high,  the  analyses  showing 
the  marked  tendency  toward  the  predominance  of  the  sulphate  radi- 
cle in  the  water.  In  periods  of  drought  the  sulphate  radicle  replaces 
the  bicarbonate  radicle  as  the  dominating  acid  of  the  water,  one  analy- 
sis showing  a  value  of  226  parts  per  million. 

This  stream  affords  a  striking  example  of  the  practically  universal 
result  of  arid  conditions.  In  regions  of  abundant  rainfall  vegetation 
is  profuse  and  its  decay  produces  considerable  carbonic  acid.  The 
carbonic  acid,  combining  with  various  elements  to  form  soluble  car- 
bonates, is  carried  out  in  the  soil  waters  as  the  carbonate  radicle. 
Hence  in  the  run-off  from  such  regions  the  predominating  acid  will 
usually  be  carbonic  acid.  In  arid  countries,  on  the  other  hand,  vege- 
tation is  deficient,  carbonic  acid  is  not  produced  in  great  abundance, 
and  the  predominating  acid  will  be  determined  by  the  character  of 
the  mineral  formations  over  which  the  water  has  flowed.  In  San 
Antonio  River  both  of  these  processes  operate,  and  in  addition  the 
effect  of  organic  carbonic  acid  is  to  a  certain  extent  masked  by  the 
presence  of  large  amounts  of  mineral  carbonates  in  the  drainage  area. 
In  times  of  rainfall  most  of  the  water  is  derived  from  vegetated 
regions,  in  which  the  soil  covering  is  sufficient  to  protect  the  underly- 
ing rock,  and  the  water  flowing  off  is  impregnated  with  carbonic  acid. 
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In  the  dry  season  this  vegetation  becomes  dry  and  burnt.  The  soil 
is  thus  bared  to  the  sun's  action,  and  the  water,  flowing  now  from 
the  greater  depths  only,  loses  its  characteristic  charge  of  carbonic 
acid  and  assumes  a  character  depending  upon  the  soluble  minerals 
of  the  subsoil  stratum — ^in  this  area  largely  sulphates  and  carbonates. 

Chlorides  are  high — higher,  possibly,  than  proximity  to  the  coast 
alone  would  cause.  The  normal  flood-discharge  value  of  this  radicle 
appears  to  be  about  10  parts  per  milUon,  but  it  reached  as  high  as  63 
parts  per  million  during  June,  1908,  and  its  dry- weather  value  is 
unfailingly  high. 

The  water  of  San  Antonio  River  can  be  used  at  all  times  for  irri- 
gation— a  use  that  would  necessitate  storage  and  thus  reduce  the 
content  of  dissolved  minerals  below  the  average  shown.  The  water 
is  hard,  will  form  scale  readily,  will  cause  large  consumption  of  soap, 
and  in  general  is  one  which  must  be  softened  if  used  for  industrial 
purposes.  For  drinking  it  should  be  boiled  or  filtered.  The  addition 
of  a  small  amount  of  soda  ash  would  tend  to  prevent  the  formation 
of  scale  on  kitchen  utensils. 

The  river  is  one  of  the  most  easily  available  and  accessible  sources 
of  supply  of  water  for  irrigation  in  SaUnas  Valley.  Crops  would  be 
exposed  to  little  danger  from  black  alkali  in  the  river  water.  In  flood 
seasons  practically  no  normal  carbonates  are  present,  and  when  they 
are  present  the  amount  of  water  flowing  is  relatively  small. 

NACIMIBNTO  RIVER. 
DESCRIPTION. 

Nacimiento  River  rises  in  the  Santa  Lucia  Mountains  near  the 
headwaters  of  San  Antonio  River,  and  flows  parallel  to  the  latter 
throughout  its  course.  Its  upper  valley  is  narrow,  with  a  decided 
slope,  while  the  lower  valley  consists  of  broad,  rolling  mesa  lands, 
through  which  the  river  winds  in  a  wide,  sandy  bottom.  Throughout 
most  of  the  lower  part  of  its  course  the  river  is  dry  in  summer,  flowing 
above  ground  only  in  short  stretches.  Practically  the  whole  of  the 
lower  river  is  within  the  boundaries  of  the  Nacimiento  ranch,  and  its 
valley  is  devoted  entirely  to  cattle  grazing.  The  total  drainage  area 
of  the  river  is  about  380  square  miles.  ^ 

The  stream  is  torrential  in  character,  the  banks  on  either  side  being 
constantly  worn  away  by  the  winter  floods,  and  as  a  result  the  river  bot- 
tom has  in  many  places  been  widened  to  extend  as  much  as  400  feet  from 
bank  to  bank.  There  are  practically  no  sites  on  this  stream  suitable 
for  erecting  dams  for  storage  reservoirs,  especially  in  the  lower  valley. 

The  discharge  of  the  Nacimiento  is  of  the  same  character  as  that  of  the 
San  Antonio.  Exact  measurements  for  1908  are  lacking,  but  records 
for  1901**  show  that  the  flow  is  about  the  same  in  the  two  streams, 
Nacimiento  River  carrying  slightly  more  water  than  the  San  Antonio. 

a  Office  records,  U.  S.  Geol.  Survey. 

*  Water-supply  Paper  U.  8.  Oeol.  Survey  No.  89,  pp.  50-61;  and  No.  66,  p.  164. 
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CHARACTER  OF  WATER. 


Samples  of  the  water  were  collected  during  1908  by  agents  of  A.  F. 
Benton,  of  the  Nacimiento  ranch,  at  a  point  about  500  feet  above  the 
ranch  house.  The  river  here  normally  flows  above  ground  all  the 
year,  but  during  the  summer  of  1908  it  was  dry  for  some  months  and 
a  hole  had  to  be  dug  in  the  sand  bed  to  allow  the  cattle  to  water. 
Another  smaller  hole  was  used  for  a  sampling  station.  The  drainage 
area  of  the  river  at  the  sampling  point  is  about  300  square  miles.** 

During  1908  there  were  two  periods  of  turbid  water.  The  first,  in 
January  and  February,  was  due  to  the  late  seasonal  rains  of  the  win- 
ter; the  second,  in  October,  November,  and  December,  resulted  from 
the  thunderstorms  of  the  fall  and  the  early  rains  of  the  new  wet  sea- 
son. During  the  greater  part  of  the  summer  the  river  was  dry,  and 
a  decided  increase  was  noted  in  the  amount  of  dissolved  mineral 
matter  in  the  samples.  The  records  show  no  fluctuation  in  the 
amount  of  dissolved  material  corresponding  to  the  mldseason  drop  in 
San  Antonio  River. 

Calcium  is  the  principal  basic  constituent  of  the  water,  sodium  and 
potassium  together  rank  second,  and  magnesium  approaches  very 
closely  to  and  at  times  even  exceeds  the  alkalies.  The  bicarbonate 
is  the  principal  acid  radicle,  sulphates  are  second  in  importance,  and 
chlorides  are  generally  third,  while  the  nitrates  play  a  varying  part, 
reaching  a  maximum  of  40  parts  per  million  in  one  set  of  samples. 

The  seasonal  variation  in  dissolved  matter  is  normal.  The  mini- 
mum quantity  of  dissolved  material  was  found  in  January,  when  178 
parts  per  million  were  recorded.  Maximum  dissolved  solids  occurred 
August  17  to  26,  inclusive,  the  analysis  of  the  composite  sample 
showing  403  parts  per  million.  In  general  the  dissolved  salts  appear 
to  be  less  in  the  Nacimiento  than  in  the  San  Antonio,  except  in  the 
midsummer  season,  when  the  abnormal  drop  in  the  dissolved  material 
in  the  San  Antonio  occurred. 

The  remarkable  fluctuation  in  nitrates  in  the  Nacimiento  is  easily 
accounted  for  by  the  fact  that  the  whole  middle  valley  is  given  over 
to  cattle  raising,  the  river  being  used  as  a  watering  place  by  between 
three  thousand  and  four  thousand  head  of  cattle.  The  result  is  that 
in  the  dry  season,  when  the  stream  flow  is  small  and  when  the  cattle 
frequent  the  river  in  greater  numbers,  large  amounts  of  organic  waste 
we  deposited  in  the  stream,  charging  the  water  very  highly  with 
chlorine  and  organic  material.  Decomposition  of  the  latter  gives 
rise  to  excessive  nitrates  and  ammonia.  Some  of  the  samples  col- 
lected in  the  dry  season  gave  off  a  very  strong  animal  odor  and  even 
showed  at  times  a  high  color  from  the  organic  salts. 

The  water  is  excellent  for  irrigation,  and  if  a  storage  reservoir 
could  be  located  witliin  reasonable  distance  of  the  Salinas  Valley  the 
water  could  be  utilized  to  render  large  areas  of  the  valley  productive. 

a  Planlmeter  meaiurement  on  United  States  Land  Office  map. 
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But  there  appear  to  be  no  good  sites  in  the  lower  valley,  none,  at 
least,  nearer  than  the  Santa  Lucia  foothills.  Neither  in  this  river 
nor  the  San  Antonio  is  serious  danger  to  be  apprehended  from  silting 
up  of  storage  reservoirs  or  canals.  So  long  as  the  mountain  reaches 
are  wooded  and  so  long  as  the  basin  is  not  further  bared  of  protective 
vegetation  little  suspended  material  will  be  brought  down  in  floods. 
If  well  filtered  the  water  would  make  a  good  domestic  supply  pro- 
vided the  cattle  were  prevented  from  wading  above  the  point  of 
intake.  Its  hardness  is  largely  permanent,  and  the  addition  of  soda 
ash  would  be  advisable  to  render  it  suitable  for  use  in  steam  boilers. 
The  high  nitrates  in  the  water  at  times  might,  however,  cause  corro- 
sion. Both  this  river  and  the  San  Antonio  vary  so  greatly  in  dis- 
charge that  all  general  statements  must  be  qualified  by  the  assertion 
that  the  value  of  the  water  depends  upon  the  amount  of  the  stream 
flow  at  the  time  of  use. 

Mineral  analyses  of  water  from  Nacimiento  River  near  San  Miguel. 
[Parts  per  million  unless  olherwise  stated.) 
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SAN   BENITO   RIVER. 
DESCRIPTION. 

San  Benito  River  drains  that  portion  of  the  Coast  Range  lying 
south  of  Monterey  Bay  and  east  of  the  Salinas  Valley — in  all  about 
220  square  miles.  The  river  rises  near  San  Benito  and  Lookout 
mountains,  flows  northwestward  for  about  60  miles,  and  joins  Pajaro 
River  in  the  vicinity  of  Sargents,  whence  it  continues  its  course  west- 
ward as  the  Pajaro  and  enters  Monterey  Bay  a  short  distance  south 
of  Santa  Cruz.  The  upper  portion  of  the  basin  is  rough  and  broken 
and  the  formation  is  of  granite  overlain  with  shales  and  sandstones. 
The  bed  of  the  valley  is  wide  and  flat  and  is  composed  of  deep  beds 
of  sand  into  which  the  waters  of  the  river  disappear  during  the  dry 
season. 

The  principal  industry  of  this  region  is  agriculture,  although  some 
stock  rai^ng  is  carried  on  in  the  bills.  The  waters  of  the  San  Benito 
are  diverted  into  irrigation  ditches  a  short  distance  above  Hollister 
and  used  in  the  lower  valley.  Quantities  of  peaches,  plums,  and 
apricots  are  raised.  Farther  north,  where  the  conformation  of  the 
bed  rock  again  brings  the  groimd  waters  nearer  the  surface  and  where 
Pajaro  River  cuts  through  the  Coast  Range,  is  the  Pajaro  Valley,  the 
principal  apple-raising  district  of  the  State. 

The  flow  of  the  stream  is  torrential  because  precipitation  on  the 
watershed  is  altogether  in  the  form  of  rain.  Greatest  discharge 
takes  place  during  the  late  winter  and  early  spring.  No  discharge 
measurements  of  the  river  are  available. 

CHARACTER  OF  WATER. 

Samples  of  water  for  this  investigation  were  collected  at  the  head- 
works  of  the  irrigation  ditch  a  short  distance  above  Hollister  and 
forwarded  to  the  laboratory  through  the  courtesy  of  Mr.  N.  C. 
Briggs.  The  results  of  the  study  are  shown  in  the  accompanying 
analyses. 

At  times  of  flood  discharge  the  river  carries  large  quantities  of 
suspended  matter,  mostly  in  the  form  of  coarse  sand.  Later  in  the 
season  the  water  becomes  clear  again,  and  still  later  the  entire  flow 
of  the  stream  disappears  in  the  deep  beds  of  sand  which  fill  its 
channel. 

Owing  to  the  amounts  of  magnesium  contained  in  the  rocks  of 
this  region  the  waters  show  on  analysis  quantities  of  magnesium 
proportionately  much  greater  than  in  almost  any  other  river  in  the 
State.  As  large  amoimts  of  sulphates  are  also  present,  it  is  evident 
Aat  the  water  should  not  be  used  in  steam  boilers  unless  some 
adequate  means  of  softening  are  adopted.  It  is,  however,  fit  for 
imgation,  as  experience  in  the  valley  has  shown.     For  municipal 
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supplies  it  can  not  be  recommended.  That  the  water  in  the  smaller 
creeks  at  the  higher  levels  is  much  superior  is  shown  by  the  result 
of  an  analysis  of  the  water  of  Pescadero  Creek,  the  sample  being 
collected  at  Grass  Valley  March  31,  1908,  and  an  analysis  of  water 
from  the  San  Benito  at  HoUister,  the  sample  being  taken  on  the 
same  day.  Pescadero  Creek  is  the  source  from  which  the  municipal 
supply  of  the  city  of  Hollister  is  derived. 

Mineral  analyses  of  water  from  San  Benito  River  at  HoUister. 
[Parts  per  mlllSon  unless  otherwise  stated .] 
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Analyses  of  water  of  Pescadero  Creek  at  Grass  Valley  and  San  Benito  River  near  HoUister. 
[Analyst,  Walton  Van  Winkle.    Quantities  in  parte  per  million.) 
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GARMBL   RIVER. 
DESCRIPTION. 

Cannel  River  rises  on  the  coastal  side  of  the  Santa  Lucia  Range, 
flows  in  a  generally  northwest  direction,  and  empties  into  Cannel 
Bay.  Throughout  its  course  it  traverses  a  narrow,  heavily  timbered 
valley,  which  widens  out  near  the  coast  into  a  broad,  fertile  plain 
edged  by  the  Santa  Lucia  and  Sierra  de  Salinas  ranges.  The  total 
drainage  area  of  the  river  is  275  square  miles.*  The  formations 
exposed  are  chiefly  granitic  rocks  with  some  sedimentary  sand- 
stones and  shales. 

CHARACTER  OF  WATER. 

Two  samples  were  taken  from  this  river  in  1908  about  2  miles 
above  Carmel  by  the  Sea,  one  on  April  10  and  one  on  August  29. 
The  results  of  the  analyses  of  these  samples  are  shown  in  the 
following  table: 

AnahfBes  of  water  of  Carmel  River y  2  miles  above  mouth. 

[ColJector  and  analyst,  Walton  Van  Winkle.    Quantities  in  parts  per  milUon.l 


Turbidity 

8fli«(SiO,) 

Iwn(Fe) 

CUelam(Ca) 

lCanMaiam<l6;) 

Be<&am      and       potassium 
(Na-i-K) 


April  10, 
1908. 


5 
24 


.45 


12 
33 


August 
29,  1908. 


Trace. 
27 


i50 
18 


43 


April  10, 
I      1906. 


Carbonate  radicle  (Cd) 

Bicarbonate  radicle  ( HCOs). 

Sulphate  radicle  (SO*) 

Chlorine(Cl) 

Nitrate  (NO,) 

Total  solids 


0.0 
134 
56 
25 

.36 
248 


August 
29,1906. 


7.2 
151 
79 
47 

.8 
336 


Being  a  typical  coastal  stream,  Carmel  River  may  be  expected  to 
carry  lai^e  quantities  of  sodium  and  chlorine.  The  value  for  sodium 
is  only  slightly  less  than  that  obtained  for  calcium,  while  chlorine 
was  present  in  the  first  sample  analyzed  to  the  amount  of  25  parts 
per  million,  or  10  per  cent,  and  in  the  second  to  the  amount  of  47 
parts  per  million,  or  14  per  cent.  The  carbonates  are  low,  in  the 
second  sample  yielding  place  to  the  sulphates  as  the  predominating 
constituent. 

The  water  is  suitable  for  irrigation  and,  if  filtered,  for  domestic 
use,  although  it  is  hard.  For  use  in  boilers  it  should  be  treated  with 
soda  ash  to  remove  permanent  hardness  and  prevent  the  obnoxious 
sulphate  scale.  It  can  not  be  used  without  treatment  for  industrial 
purposes  where  water  plays  a  chemical  part.  However,  as  a  munici- 
pal supply  it  is  fairly  satisfactory,  and  the  cities  of  Monterey  and 
Pacific  Grove  so  use  it  at  present,  the  intake  of  the  water  supply 
being  above  the  limit  of  habitations  in  the  valley. 

•Hamlin,  Homer,  the  water  resources  of  Salinas  Valley,  California:  Water-Supply  Paper  U.  S.  Geol. 
r  No.  89, 1904,  p.  77. 
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SANTA  MARIA  RIVER. 
DESCRIPTION. 

Santa  Maria  River  drains  that  portion  of  the  Coast  Range  lying 
between  the  San  Rafael  Mountains  and  the  southernmost  end  of  the 
Diablo  Range.  It  flows  westward  and  discharges  into  the  Pacific 
Ocean  at  Guadalupe,  about  25  miles  south  of  San  Luis  Obispo.  It 
is  torrential  in  character — subject  to  floods  of  short  duration  during 
the  rainy  season,  but  being  practically  dry  during  the  summer  months. 
It  receives  numerous  tributaries,  the  most  important  of  which  is  the 
Sisquoc,  which  joins  it  about  12  miles  above  Santa  Maria. 

The  country  throughout  this  basin  consists  of  rolling  foothills, 
except  the  higher  elevations  of  the  San  Rafael  Mountains,  which  reach 
altitudes  of  6,000  to  8,000  feet  above  sea  level.  The  river  breaks 
from  the  foothills  at  the  point  where  it  is  joined  by  the  Sisquoc  and 
flows  through  a  flat  for  a  distance  of  25  miles  until  it  reaches  the  ocean. 

The  bed  rock  is  shale,  sandstone,  or  conglomerate,  with  a  good  cov- 
ering of  clay  soil.  Considerable  timber  is  found  on  the  higher  eleva- 
tions, but  over  most  of  the  region  timber  is  scanty,  large  areas  being 
covered  with  brush  and  grass.  A  large  part  of  the  basin,  especially 
in  the  higher  regions,  is  given  up  to  pasturage.  Lower  in  the  valley 
agriculture  is  the  principal  industry.  The  water  for  the  irrigation  of 
these  areas  is  derived  chiefly  from  wells  driven  in  the  valley  floor. 
No  diversions  are  made  from  the  river  for  this  purpose.  Precipita- 
tion in  this  basin  is  almost  entirely  in  the  form  of  rain,  the  small 
amount  of  snow  that  falls  on  the  higher  portions  of  the  watershed 
being  insufficient  to  maintain  a  constant  flow  in  the  stream  during 
the  dry  season. 

CHARACTER   OF   WATER. 

Samples  of  water  for  this  investigation  were  collected  at  the  gaging 
station  near  the  house  on  Dutard's  ranch,  about  25  miles  above  Santa 
Maria.**  The  stream  at  this  point  is  swift  at  all  stages;  its  bed  is 
composed  of  sand  and  gravel,  part  of  which  is  overgrown  with  brush, 
and  its  banks  are  high  and  rocky  and  not  liable  to  overflow. 

A  large  quantity  of  suspended  matter  is  carried  by  the  river  during 
flood  periods,  when  the  water  also  carries  its  minimum  quantity  of 
dissolved  mineral  matter,  and  if  the  flood  water  could  be  stored  it 
would  form  a  fairly  good  supply  for  use  in  irrigation.  During  the 
dry  season  the  flow  is  small  and  the  mineral  matter  is  high.  Calcium, 
magnesium,  and  sodium  are  abundant,  as  well  as  sulphates,  chlorides, 
carbonates,  and  bicarbonates. 

a  For  data  concerning  gage  heights  and  discharges,  see  Water-Supply  Papers  U.  S.  Qeol.  Survey 
Not.  100, 134,  aad  177. 
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The  water  is  unsuited  for  domestic  or  industrial  use.  The  high 
content  of  magnesium  and  calcium,  along  with  the  sulphates,  marks 
it  as  very  bad  for  use  in  boilers.  The  tendency  of  the  water  to  deposit 
black  idkali  at  certain  seasons  shows  it  to  be  ill  adapted  for  irrigation. 

Mineral  analyses  of  water  from  Santa  Maria  River  at  Santa  Maria, 
[Parts  per  miUloa  UD3em  otherwiae  stated.) 
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1,028 
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334 

Trace. 

70 

42 

146 

46 

20 

Trace. 


5 

5 

400 

400 

4,000 

>7,000 


8,430 

414 

8 

Trace. 

M 

8.0 

Trace. 

Trace. 

36 

Trace. 

Trace. 

24 

274 

224 

5,600 

9,776 


5.0 
1.8 
5.0 
8.6 
6.6 
7.2 
2.8 
8.4 
4.6 
3.2 
2.8 
3.0 
5.0 
5.6 
6.6 
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7.4 
6.8 


Fe. 
.10 
.10 
.20 
.30 
.10 
.20 
.10 
.20 
.20 
.05 
.10 
.10 
.30 
.15 
.10 
.02 
.10 
.02 


342 

287 
314 
462 
406 
322 
346 
253 
190 
206 
279 
264 
258 
273 
270 
272 
274 
348 


233 

169 
312 
324 
321 
359 
288 
258 
231 
203 
274 
299 
334 
330 
374 
335 
456 
406 


164 
149 
164 
162 
152 
142 
162 
69 
60 
82 
113 
124 
123 
134 
121 
131 
145 
145 


125 
93 
158 
143 
146 
143 
136 
122 
106 
93 
122 
141 
158 
160 
160 
154 
149 
128 


Mean 

Percentofanby- 
drooarestdae.. 


1,303 


24 


6.14 


302 


1.1       0.0     14.1 


133 
6.2 


«  AboonnaL   Computed  as  HCOs  in  the  average. 


b  Mean  of  Fe  values  after  July  1. 
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SANTA  TUBZ  river. 
DESCRIPTION. 

Santa  Ynez  River  rises  in  the  mountains  of  Santa  Barbara  and 
Ventura  counties  and  flows  westward  with  a  flat  grade  to  the  Pacific 
Ocean,  a  distance  of  about  75  miles.  The  basin  is  boimded  on  the 
north  by  the  San  Rafael  Moimtains  and  on  the  south  by  the  Santa 
Ynez,  altitudes  ranging  from  3,000  to  4,000  feet  above  sea  level.  The 
northern  part  of  the  basin  is  drained  by  streams  running  southward 
and  uniting  with  the  Santa  Ynez  proper,  which  hugs  the  base  of  the 
Santa  Ynez  Mountains.  The  principal  tributary,  Mono  Creek,  enters 
from  the  north. 

The  bed  rock  throughout  this  basin  is  shale  and  sandstone.  The 
greater  part  of  the  area  is  covered  with  brush  and  small  trees;  only 
on  the  higher  elevations  is  there  any  considerable  amount  of  timber. 
As  precipitation  on  this  drainage  area  is  almost  entirely  in  the  form 
of  rain,  the  stream  discharge  is  torrential,  the  greatest  flow  occurring 
during  the  late  winter  and  early  spring. 

CHARACTER   OP   WATER. 

Samples  for  this  investigation  were  collected  at  the  north  portal  of 
the  tunnel  known  as  the  Gibraltar  dam  site  by  N.  Clark.  The  stream 
at  this  point  is  swift,  between  banks  which  are  low  but  not  Ukely  to 
overflow.     The  bed  is  composed  of  sand  and  gravel.** 

At  flood  periods  the  river  carries  large  amounts  of  suspended 
matter,  but  the  water  becomes  clear  again  after  a  short  time.  The 
dissolved  mineral  matter  is  high,  and  is  of  such  character  that  the 
water  must  be  classed  as  sulphated.  Trouble  may  therefore  be 
expected  in  the  use  of  this  water  for  steaming.  The  adoption  of  a 
lime  and  soda  process  for  softening  the  water  would  lead  to  great 
economy  in  any  industry  using  this  supply.  The  water  may  be 
unhesitatingly  adopted  for  household  purposes  if  the  drainage  area  is 
kept  in  a  sanitary  condition. 

The  river  water  is  not  at  present  used  industrially,  but  works  under 
construction  will  conduct  it  under  the  Santa  Ynez  Mountains  to 
supply  Santa  Barbara  and  neighboring  coast  towns. 

o  For  data  concerning  gage  heights  and  discharge,  see  Water-Supply  Papers  U.  8;  Geol.  Survey  No*. 
81, 100, 177,  and  213. 
A  more  detailed  aooountof  the  water  supply  of  Santa  Barbara  b  contained  in  Water-Supply  P^;>er  No.116. 
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Moural  analyua  ofwaUrfrom  Santa  Tnez  River  at  Santa  Barbara. 
[ParU  per  mllUon  unless  otberwtoe  stated.] 
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VENTURA  RIVER. 
DESCRIPTION. 

The  San  Buena  Ventura  or,  as  it  is  commonly  called,  Ventura 
River,  rises  to  the  south  of  the  Nordhoff  Mountains  and  flows  in  a 
general  southerly  direction  to  the  Pacific  Ocean  above  Ventura.  Its 
slope  is  steep  and  its  valley  is  narrow  in  its  lower  course,  while  in  its 
upper  cour3^  it  traverses  NordhoflF  Valley,  a  broad  plateau  devoted 
largely  to  the  raising  of  oranges. 

Just  above  the  town  of  Ventura  the  Ventura  County  Power  Com- 
pany is  building  a  dam  to  divert  the  waters  of  the  river  for  municipal 
supply  and  for  irrigation.  The  river  at  this  point  passes  through  a 
narrow  canyon,  the  grade  being  high  and  the  bed  rocky.  Bed  rock  is 
exposed  on  the  northern  side  of  the  canyon  and  sinks  away  to  the 
southward,  but  rises  again  nearly  to  the  surface  at  the  opposite  bank. 
The  bed  of  the  canyon  and  its  surface  are  covered  with  a  good  growth 
of  brush  and  small  trees. 

CHARACTER  OF   WATER. 

Samples  of  water  were  collected  daily  during  1908  at  the  dam  site, 
through  the  kindness  of  Mr.  J.  E.  Barker,  and  later  of  Mr.  C.  L. 
Frost,  superintendent  of  the  Ventura  County  Power  Company.  The 
company  met  all  expenses  for  collection.  No  stream-flow  records 
were  kept  during  1908  on  this  river.  The  results  of  the  examination 
of  the  samples  are  shown  in  the  accompanying  analyses. 
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Mineral  analyses  of  water  from  Ventura  River  near  Ventura, 
[Dntnage  ana  210  square  miles.    Quantities  in  parts  per  mllUon  unless  otherwise  stated.] 
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Fer  cent  of  anhy- 
drous residue 


The  water  of  Ventura  River,  like  that  of  other  rivers  of  the  coastal 
region  of  middle  California,  carries  a  large  amount  of  dissolved 
solids.  Prominent  among  the  constituents  appear  calcium  and  sul- 
phates, the  latter  averaging  42  per  cent  of  the  total  dissolved  mate- 
rial. Alkalies  are  high,  as  is  also  carbonic  acid  in  the  bicarbonate 
form.  Chlorine  is  not  exceptionally  high  nor  is  magnesium,  the  ratio 
of  magnesium  to  calcium  being  1  to  3}. 

The  samples  showed  little  variation  in  the  mineral  content  of  the 
water  between  flood  season  and  time  of  drought.  Minimum  values 
occurred  in  1908  in  early  February,  522  parts  per  million  being 
recorded  for  the  composite  sample  of  January  30  to  February  8,  in- 
clusive; whUe  the  maximum,  688  parts  per  million,  occurred  in  the 
middle  of  September.     Turbidity  is  invariably  low,  the  soil  covering 
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of  the  area  affording  good  protection  from  erosion  and  the  rocky 
river  bottom  giving  little  chance  for  the  gathering  of  silt  from  the 
bed  of  the  stream. 

The  water  is  hard,  is  a  poor  supply  for  steaming,  would  need  treat- 
ment to  render  it  fit  for  use  in  boilers,  and  is  to  be  classed  among  the 
less  desirable  supplies  for  municipal  use.  Although  it  is  not  bad 
for  drinking,  it  is  likely  to  produce  unpleasant  effects  on  persons  not 
well  accustomed  to  such  highly  charged  waters.  It  should  not  be 
adopted  for  a  municipal  supply  without  purification. 

MALmU  CREEK. 

DESCRIPTION. 

Malibu  Creek,  which  enters  the  Pacific  Ocean  about  15  miles  above 
the  town  of  Santa  Monica,  is  formed  near  the  town  of  Calabasas  by 
the  union  of  Triunfo  and  Las  Virgenes  creeks.  These  creeks  rise  in 
the  Santa  Monica  Mountains  and  flow  southward  to  their  confluence 
The  drainage  basin  includes  the  northern  part  of  the  Santa  Monica 
Range  and  the  foothills  immediately  adjoining.  The  bed  rock 
throughout  the  basin  is  of  shale,  sandstone,  and  conglomerate,  with 
good  soil  covering.  A  sparse  growth  of  timber  is  found  on  the  higher 
elevations,  but  the  greater  part  of  the  area  is  covered  with  brush  and 
grass  and  is  used  for  pasturage.  Grain  is  raised  on  small  areas.  A 
reservoir  has  been  constructed  on  the  upper  reaches  of  Triunfo  Creek, 
and  the  water  is  used  for  irrigation  during  the  dry  months.  The 
stream  is  very  torrential  in  character,  owing  to  the  steep  and  barren 
nature  of  its  drainage  area  and  to  the  fact  that  the  precipitation  is 
wholly  in  the  form  of  rain. 

CHARACTER   OF    WATER. 

Samples  of  water  for  this  investigation  were  collected  at  the  gaging 
station  near  Calabasas*  by  the  gage  reader.  The  stream  at  this 
point  is  swift  and  flows  between  high  banks.  The  right  bank  is  rocky. 
The  bed  of  the  river  is  composed  of  rock  and  gravel. 

The  creek  carries  large  amounts  of  suspended  matter  during  flood 
periods;  at  other  times  the  water  is  fairly  clear,  but  it  then  carries 
a  high  content  of  dissolved  mineral  matter.  (See  analyses.)  Las 
Virgenes  Creek,  draining  more  of  the  sandstone  area  than  Triunfo 
Creek,  carries  considerably  more  alkaline  material.  The  discharge 
of  Las  Virgenes  Creek  is  smaller  than  that  of  Triunfo  Creek,  and  the 
water  of  Malibu  Creek  does  not  show  the  extreme  alkalinity  that 
might  be  expected. 

a  For  data  coneeming  gage  heights  and  discharge,  see  Water-Supply  Papers  U.  S.  Oeol.  Survey  Noe.  100, 
134, 177,  and  213. 
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The  water  would  be  classed  as  sulphate,  because  calcium  and  the 
sulphate  radicle  are  both  high.  For  this  reason  it  is  poorly  adapted 
for  industrial  uses  unless  some  means  are  taken  to  soften  it.  It  is 
not  unsuited  for  household  use. 

Mineral  analyses  of  water  from  Malibu  Creek  near  Calahasas, 
{Parts  per  million  unless  otherwise  stated.] 


Dote. 

CO 

1 

i 

< 
+ 

1 

1 

3 

1 

i 

i 

i 

.2 

1. 
ft 

I. 

18 

.2 
Sao 

1 

1 

1 
1 

Mean  dis- 
charge. 

TnBi— 

Txy- 

1! 

< 

IS 

1906. 

1906. 

Jaa.     I 

Jan.    10 

32 

33 

3.0 

160 

78 

104 

4.1 

0.0 

344 

666 

66 

1,266 

1.59 

0.8 

Jan.    11 

Jan.    20 

50 

42 

2.0 

143 

70 

98.. 

.0 

327 

499 

58 

1,140 

1.86 

.94 

Jan.   31 

Jan.    30 

Tr. 

37 

3.8 

110 

61 

60 

2.0 

.0 

304 

367 

53 

930 

4.64 

2.34 

Jan.   31 

Feb.     0 

24 

31 

1.6 

126 

56 

791 

2.8 

.0 

289 

331 

69 

842 

1.82 

.92 

Feb.  10 

Feb.  18 

112 

31 

2.0 

66 

31 

34' 

1.7 

8.1 

218 

138 

33 

448 

6.10 

2.67 

Feb-   19 

Mar.     1 

20 

35 

4.0 

102 

50 

50 

3.1 

.0 

287 

256 

42 

680 

4.50 

2.27 

Mar.     2 

Mar.  11 

2 

33 

5.2 

105 

67 

60i 

1.3 

3.3 

277 

359 

58 

966 

6.99 

3.02 

Mar.  22 

Mar.  31 

310 

25 

4.4 

43 

26 

35| 

2.7 

.0 

199 

90 

27 

400 

11.17 

6.63 

Apr.     1 

Apr.  10 

ll 

34 

3.8 

64 

38 

38' 

1.6 

.0 

251 

159 

28 

636 

73.4 

37. 

.\pr-  n 
Adt.  21 

Mkr    1 

Apr.  20 
Apr.  30 
May    10 

1 

30 

79 

46 

55i 

3.6 

.0 

256 

172 
204 

27 

676  37.3 

18.8 

;       26! 

36 

*5.*6* 

82 

48 

mI 

4.7 

.0 

312 

31 

636|  12.75 

6.43 

38 

34 

4.2 

78 

45 

54 

2.8 

.0 

272 

200 

35 

604'  19.8 

10.0 

Maj   11 

May   20 

1   ^ 

32 

3.8 

83 

46 

61| 

6.4 

.0 

287 

236 

36 

670,  16.8 

7.96 

U%j   21 

May  31 

31 

5.4 

94 

46 

68 

4.4 

2.9 

267 

212 

36 

624 

18.6 

9.36 

Jane    I 

June    9 

34 

39 

4.4 

91 

43 

68. 

2.1 

7.0 

258 

198 

31 

670 

14.1 

7.1 

June  10 

June  19 

'      34 

35 

5.2 

85 

40 

44' 

2.0 

6.0 

253 

186 

29 

682 

14.1 

7.1 

June  24 

June  30 

31 

3.6 

73 

43 

591 

3.8 

11 

247 

187 

30 

692 

14.1 

7.1 

July     1 

Jnly   10 

....       48 

44 

"fcT 

.20 

78 

42 

1 

53 

8.0 

257 

217 

30 

678 

10.9 

6.49 

July   11 

July  20 

30 

34 

.10 

72 

40 

44 

.0 

273 

181 

30 

694 

8.73 

4.40 

July  21 

July  30 

4 

40 

.08 

198 

100 

195 

.0 

378 

830 

81 

1,766 

8.73 

4.40 

Auir.    1 

Aug.    9 

44 

48 

.07 

95 

42 

65 

.0 

283 

188 

31 

598     8.73 

4.40 

Aof.  U 

Aug.  20 

4 

42 

.20 

86 

41 

48 

5.0 

275 

191 

32 

684 

8.73 

4.40 

Auc  21 

Aug.  31 

1 

34 

.10 

85 

32 

.0 

278 

184 

31 

692 

8.73 

4.40 

Sept.    1 

Sept.   8 

12 

39 

.20 

89 

42 

34 

9.0 

261 

186 

30 

696 

8.73 

4.40 

SepU22      Sept.  30 

26 

41 

.10 

123 

60 

106 

.0 

324 

399 

50 

976 

6.02 

2.63 

Oct.     1  .  Oct.    10 

::.: 

4 

39 

.05 

104 

45 

69 

.0 

322 

238 

41 

708 

8.73 

4.40 

Oct.   11      Oct.   20   .... 

30 

37 

.10 

94 

43 

70 

.0 

319 

198 

36 

614 

8.73 

4.40 

Nov.  11      Nov.  20        & 

60 

43 

.15 

117 

62 

131 

6.0 

340 

400 

54 

960 

8.73 

4.40 

Nov.  21      Nov.  30   .... 

)      80 

40 

.15 

138 

70 

111 

.0 

374 

462 

59 

1,070 

8.73 

4.40 

Dec.     1  1  Dec.   10   .... 

30 

.06 

149 

70 

112 

5.2 

305 

443 

56 

9.26 

4.67 

Dee.   11  !  Dec.  20  i    15     102 

30 

.05 

124 

62 

94 

.0 

345 

410 

61 

"932 

11.0 

5.54 

Dec.  21  i  Dec.  29 
Mean 

400     498 

31 

.01 

104 

42 

76 

.0 

245 

233 

40 

656 

7.62[38.4 

.....      61 

36 

a.  11 

101 

50 

73 

2.2 

288 

285 

42 

761 

47 

24 

Percent  of  anhy-  |        | 

drou! 

imldue.. 

4.9 

t).0 

13.8 

6.8 

10.0 

19.7 



39.0 

6.8 

1       1 



a  Mean  of  Fe  values  after  July  1 . 


VALLEY  OF  SOUTHERN  CALIFORNU. 
DESCRIPTION. 

TTie  merging  valleys  of  Los  Angeles,  San  Gabriel,  and  Santa  Ana 
rivers  have  been  grouped  together  into  what  may  be  called  the  valley 
of  southern  California.*  This  valley  lies  south  of  the  San  Gabriel 
and  San  Bernardino  mountains  and  west  of  the  San  Bernardino  and 
San  Jacinto  mountains.     On  the  south  its  limits  are  poorly  defined, 

•  Meodenhall,  W.  C,  Hydrology  of  San  Bernardino  Valley,  California:  Water-Supply  Paper  U.  8.  OeoL 
Survey  No.  142, 1905,  p.  9. 
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as  it  is  there  broken  up  into  many  smaller  valleys  by  the  irregular  pro- 
jecting ridges  of  the  southern  ranges.  Much  information  has  been 
gained  concerning  its  waters  by  investigations  made  by  the  United 
States  Geological  Survey,  and  the  literature  on  the  subject  is  exten- 
sive." 

SAN   OABRIEL   RIVER. 
DESCRIPTION. 

San  Gabriel  River  is  formed  on  the  southern  slopes  of.  the  Sierra 
*  Madre  by  several  small  coequal  streams,  which  unite  just  before  the 
river  enters  its  deep  lower  canyon,  whence  it  emerges  just  above  the 
town  of  Azusa  into  a  broad  alluvial  valley,  where  it  gradually  sinks 
beneath  the  surface,  its  course  being  marked  by  a  characteristic 
sand  *'wash." 

At  the  lower  end  of  the  San  Gabriel  Valley,  near  Rivera,  the  seep- 
age waters  are  brought  to  the  surface  again  by  an  obstruction  to  the 
underflow  and  pass  over  the  surface  through  a  narrow  gap  in  the 
surrounding  hills  in  two  distinct  streams,  one  of  which  is  called  the 
San  Gabriel  and  the  other  the  Rio  Hondo.  Leaving  the  pass  they 
again  sink  into  the  sandy  soil  of  the  valley  below.  The  San  Gabriel 
finally  finds  its  way  to  San  Pedro  Bay,  and  the  Rio  Hondo  joins  Los 
Angeles  River. 

Above  Azusa  the  San  Gabriel  Valley  is  rough  and  mountainous 
and  the  tributaries  flow  in  deep,  narrow  canyons.  The  bed  rock  of 
these  upper  hills  is  granitic  and  the  soil  covering  is  fair.  A  heavy 
growth  of  timber  is  found  in  the  foothills  and  a  sparse  growth  abova 
Below  Azusa  the  valley  is  broad  and  is  covered  with  a  deep  soil  of 
sand  and  alluvium.  The  bed  of  the  river  is  gravelly  and  is  inter- 
spersed with  bowlders  and  sandy  stretches. 

The  mountainous  areas  of  the  San  Gabriel  basin  receive  an  annual 
rainfall  of  20  to  40  inches.  The  greater  part  of  this  precipitation 
occurs  during  the  winter,  the  months  of  June,  July,  and  August 
being  as  a  rule  exceedingly  dry.  Ground  storage  facilities  are,  how- 
ever, good,  and  there  is  continuous  flow  throughout  the  year. 

Much  of  the  water  is  diverted  about  5  miles  above  Azusa  for  the 
power  station  of  the  Pacific  Light  and  Power  Company. 

Samples  of  water  were  collected  daily  during  1908  near  Azusa  and 
at  Rivera,  and  a  single  sample  was  taken  from  Rio  Hondo  near 
Rivera. 

CHARACTBR  OF  WATER  NEAR  AZUSA. 

The  samples  of  water  for  this  investigation  were  taken  from  the 
diversion  canal  of  the  power  company  by  J.  P.  Woodward,  A.  W. 
Peake,  and  J.  W.  Moon,  of  the  company. 

•  ^•^e^Supply  Papers  U.  S.  Geol.  Survey  Nob.  81, 100, 134, 137, 138, 139, 142, 177,  Md  2W, 
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According  to  measurements  made  at  Azusa,  57  per  cent  of  the 
total  discharge  of  the  stream  during  1908  occurred  between  January 
20  and  April  18,  the  rise  in  gage  height  being  very  constant  and  the 
falling  off  rather  gradual.  Minimum  summer  flow  was  reached  in 
the  early  part  of  September,  the  stream  flowing  from  that  time  until 
the  end  of  the  year  with  slight  fluctuation. 

The  analyses  of  the  composite  samples  show  no  pronounced 
changes  in  the  amount  of  total  dissolved  matter  in  the  stream  through- 
out the  year.  The  period  of  maximum  discharge  was  marked  by  a 
slight  decrease  in  dissolved  material,  and  the  amount  rose  gradually 
from  that  time  until  the  end  of  the  year,  but  the  total  variation  was 
only  56  parts  per  million. 

Mineral  analyses  of  water  from  San  Gabriel  River  near  Azusa. 
[  Drainage  area,  222  squ^  miles.    Quantities  la  parts  per  million  unless  otherwise  stated.) 
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92.2 
81.2 
77.8 
67.1 
46.5 
41.1 
37.0 
46.1 
38.6 
31.8 
28.4 
27.8 
33.2 
34.1 
31.0 
36.8 
32.1 
32.3 
33.0 
46.6 
51.5 
40.5 
39.4 


l.l     4.3   2O81  190.5 


0.5 ..»....[. 


96 


2671 
1203 
5595 
.1060 
.8626 
.8552 
.8937 
.0536 
.8590 
.6630 
.6351 
.7149 
.5662 
.4153 
.3658 
.3505 
.3022 
.2095 
.1851 
.1666 
.2077 
.1739 
.1387 
.1279 
.1252 
.1495 
.1536 
.1396 
.1657 
.1446 
.1455 
.1495 
.2099 
.2319 
.1824 
.1775 


.43 


«  doodbont  July  31.    Turbidities  as  follows:  July  31,  775;  August  1,  725;  August  2,  380;  August  3,  400; 
Aognst  4, 840;  Aofuat  5, 8S6.    "  River  rose  4  to  6  feet  July  31, 1908"  (J.  W.  Moon). 


Digitized  by  VjOOQ IC 


100 


QUALITY  OF  CALIFORNIA  SURFACE   WATERS. 


The  water  is  distinctly  of  the  calcic-carbonate  type.  The  amount 
of  normal  carbonates  in  this  water  is  decidedly  high,  as  is  apparent 
from  the  table  of  analyses.  Owing  to  the  small  amount  of  total  dis- 
solved solids  present,  however,  the  water  can  not  be  considered 
dangerous  for  use  in  irrigation. 

The  water  requires  little  treatment  to  make  it  well  adapted  for 
steaming.  Small  amounts  of  soda  ash  added  to  it  will  precipitate 
the  greater  part  of  the  calcium  and  magnesium  present,  and  thus 
prevent  the  formation  of  hard  scale  in  boilers.  With  proper  protec- 
tion from  bacterial  pollution  the  water  would  make  an  excellent 
municipal  supply,  the  high  nitrates  found  in  it  appearing  to  be  due 
not  so  much  to  animal  as  to  vegetal  organic  material.         § 

CHARACTBR  OP  WATBR  AT  RIVBRA. 

Although  only  a  small  quantity  of  water  is  added  to  the  San 
Gabriel  by  rainfall  between  Azusa  and  Rivera,  the  seepage  waters 
which  are  brought  above  ground  at  Rivera  by  an  obstruction  to  the 
underflow  contain,  besides  the  original  San  Gabriel  River  water,  such 
water  as  is  brought  from  either  side  for  irrigation  at  the  edges  of  the 
valley  and  such  as  may  be  pumped  from  the  underground  waters  of  the 
valley  for  irrigation.  The  total  influx  of  these  foreign  waters  must, 
however,  be  small,  and  the  effect  of  the  seepage  between  the  towns  of 
Azusa  and  Rivera  must  be  demonstrated  by  the  analyses  of  the  sam- 
ples taken  at  the  two  places.  The  Rivera  samples  were  collected 
daily  during  1908  by  Mrs.  S.  E.  Palett. 

The  changes  that  occur  in  the  water  of  San  Gabriel  River  between 
Azusa  and  Rivera  are  noteworthy  as  illustrating  those  taking  place 
in  a  water  flowing  underground  for  a  short  distance,  and  the  following 
table  brings  together  for  comparison  the  average  results  of  analyses 
of  water  taken  above  and  below  the  place  of  subsurface  flow. 

Comparison  of  the  quality  of  water  of  San  Gabriel  River  at  Azusa  and  near  Rivera^  1908, 


SUlca(SI05) 

Iron(Fe) 

Calcium  (Ca) 

Magnesium  (Mr) 

Sodium  and  j)otassium  (Na+K) 

Carbonate  radicle  (COa) 

Bicarbonate  radicle  ( IlCOj) 

Sulphate  radicle  (SO^) 

Chlorine  (ri) 

Nitrate  radicle  (NOj) 

Total  solids 


Mineralisation,  in 
parts,  per    mil- 

Percentage oompo. 
sition  of  anhy- 

lion. 

drous  residue. 

Azusa. 

Rivera, 

Asusa. 

Rivera. 

21 

23 

9.4 

8.8 

.16 

.11 

.1 

.1 

45 

55 

20.1 

21.0 

12 

12 

5.4 

4.6 

18 

22 

8.0 

8.4 

3.3 

2.2 

40.3 

40.6 

176 

211 
33 

32 

14.3 

12-5 

4.3 

S.4 

1.9 

3.2 

l.l 

1.9 

.5 

.7 

208 

246 
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There  are  increases  in  calcium,  alkalies,  bicarbonates,  and  chlo- 
rine. The  average  increase  in  bicarbonates  is  35  parts  per  million, 
corresponding  to  11.5  partspfer  mHUoix  ofc-calpium  if  all  is  the  result  of 
solution  of  calcium  carbonate.  Theiveraga  uMcreai^  in  chlorine  is  4.1 
parts  per  million,  corresponding  to  2.7  parts  pfef  million  of  sodium  as 
sodium  chloride.  The  increase  in  carbonic  acid  may  be  fotpebtfe;!,  ii>a:^-:^ 
much  as  one  of  the  results  of  the  decay  of  plant  life  is  the  formation  of 
carbonic  acid,  which  in  solution  readily  attacks  calcium  carbonate 
rocks  and  dissolves  them.  As  the  water  is  used  extensively  for  irriga- 
tion and  passes  in  its  course  through  sandy  and  gravelly  soil  covered  by 
a  good  vegetation,  all  conditions  are  favorable  for  such  action,  and  un- 
doubtedly that  is  what  actually  occurs.  The  increase  in  the  amounts 
of  these  two  elements  is  typical  of  the  effect  of  more  intimate  contact 
with  the  materials  of  the  river  bed.  The  attendant  rise  in  the  quantity 
of  nitrates  present  probably  occurs  from  vegetable  decay.  In  fact,  the 
maimer  in  which  the  charring  occurred  upon  heating  the  evaporated 
salts  from  the  water  of  the  San  Gabriel  at  Rivera  leads  to  the  conclu- 
sion that  the  greater  proportion  of  organic  material  present  is  vege- 
table matter. 

The  water  of  the  San  Gabriel  at  Rivera  shows  a  magnesium  to  cal- 
cium ratio  of  1  to  4.6,  or  considerably  lower  than  that  found  at  Azusa. 
In  other  words,  there  is  no  introduction  of  magnesium  corresponding 
to  the  increase  in  calcium  in  this  water.  Silica,  also,  shows  a  scarcely 
appreciable  change,  while  the  change  in  the  sulphate  radicle  is  prac- 
tically nothing.  The  total  effect  of  the  subsurface  passage  of  the 
water  is  an  increase  in  mineralization  without  much  change  in  the 
relative  proportions  of  the  substances  present. 

The  similarity  of  the  waters  of  San  Gabriel  River  at  Azusa  and 
Rivera  is  such  that  little  can  be  said  regarding  the  value  of  one  which 
is  not  equally  true  of  the  other.  Of  course,  as  the  river  at  the  lower 
point  has  received,  in  addition  to  any  pollution  reaching  it  above 
Azusa,  large  amounts  of  sewage  of  the  valley,  its  use  for  domestic 
purposes  would  be  extremely  unsafe  unless  measures  were  taken  to 
insure  the  removal  of  pathogenic  bacteria. 
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QUALITY  OF  CALIFOBNU  SURFACE  WATEBS. 


Mineral  analyes  of  water  from  San  Oabriel  River  near  Rivera. 
(Parts  per  millkm  i^nlaM  ottkerwfiie.fltmtod.] 


Date. 


from— 


1907. 
Deo.  31 

1908. 
Jan.  10 
Jan.  ao 
Jan.  30 
Feb.  9 
Feb.  19 
Feb.  29 
liar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  19 
May  29 
June  8 
June  18 
June  28 
July  8 
July  18 
July  28 
Aug.  7 
Aug.  17 
Aug.  27 
Sept.  6 
Sept.  16 
Sept.  26 
Oct.  6 
Oct.  16 
Oct.  26 
Nov.  5 
Nov.  15 
Nov.  25 
Deo.  5 
Dec.  15 
Dec.  25 


To- 


1906. 
Jan.     9 


Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  17 
July  27 
Aug.  6 
Aug.  16 
Aug.  28 
Sept.  5 
Sept.  15 
Sept.  25 
Oct.  5 
Oct.  15 
Oct.  25 
Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
Dec.  14 
Dec.  24 
Deo.  31 


Mean 

Percent  of  anhy- 
drous residue. 


I 


i 


5 
100 
20 

5 

5 
Trace. 

5 
Trace. 

5 

5 

5 
Trace. 
Trace. 
Trace. 

6 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

3 
Trace. 

3 
Trace. 
Trace. 
Trace. 

5 
Trace. 
Trace. 

6 
Trace. 
Trace. 
Trace. 

6 
Trace. 


151 
31 


25 


23 

8.8 


0.15 


0.1 


68 


55 
21.0 


0.8 
8.5 
9.8 

11 

11 

13 

10 

13 

12 

12 
9.8 

13 

12 

12 

11 

12 

11 

11 

10 

12 

12 

12 

12 

13 

11 

12 

12 

12 

11 

11 

11 

12 

13 

12 

13 

16 


12 
4.6 


l| 

•a -a 


17 


22 

8.4 


0.0 


.0 

.0 

.0 

.0 

.0 

2.4 

7.2 

.0 

.0 

16 

.0 

.0 

4.8 

.0 

6.0 

.0 

.0 

9.6 

7.2 

.0 

.0 

6.0 

7.2 

9.6 

Tr. 

.0 

2.4 

.0 

.0 

2.4 

.0 

.0 

.0 

.0 

.0 

.0 


2.2 


218 


217 
185 
185 
200 
214 
207 
203 
213 
211 
186 
215 
214 
209 
220 
203 
210 
221 
193 
200 
212 
212 
207 
203 
201 
222 
224 
217 
237 
228 
221 
222 
217 
220 
212 
220 
222 


211 


33 
12.6 


15 


.16 
1.4 
1.2 
1.1 
1.9 
1.8 
2.1 
3.0 
4.0 
1.5 
2.0 
4.0 

.84 
2.0 
1.8 

.56 

.82 
1.6 

.86 
1.2 


1.4 
1.6 
1.2 
1.3 


1.8 
1.5 
1.2 
.98 
.96 
1.1 
1.0 
.94 
1.6 


1.9 
0.7 


6.9 


7.0 
7.9 
7.2 
5.0 
9.0 
7.4 
7.5 
7.9 
8.5 
6.5 
6.5 
7.0 
6.5 

12 
7.7 
8.9 

15 
8 

7.7 
7.5 
8.5 
9.0 
8.0 

17 
7.6 
8.5 
7.5 
8.3 
7.5 
9.5 
8.0 
7.5 
9.0 
9.0 
8.5 
8.5 


8.4 
3.2 


I 

262 


266 
231 
223 
236 
244 
241 
249 
237 
248 
253 
247 
248 
251 
258 
244 
338 
251 
240 
237 
243 
240 
239 
245 
268 
255 
246 
230 
258 
250 
248 
246 
250 
247 
246 
253 
249 


246 


RIO    HONDO. 
DESCRIPTION. 

Rio  Hondo  resembles  the  lower  San  Gabriel.  Rising  nearly  at 
the  same  place  in  the  narrows  above  Rivera,  the  rivers  pass  side  by 
side  through  the  gap  in  the  hills  but  gradually  draw  farther  apart, 
one  merging  with  Los  Angeles  River  and  the  other  percolating  under- 
ground to  the  Pacific  Ocean. 

CHARACTER  OP  WATER. 

The  following  analysis  of  a  sample  of  water  collected  from  Rio 
Hondo  near  Rivera  on  March  16,  1906,  shows  the  water  to  be  essen- 
tially the  same  as  that  of  the  lower  San  Gabriel,  and  had  daily  sam- 
plings been  made  the  average  results  would  undoubtedly  have  been 
nearly  identical. 


Digitized  by  VjOOQIC 
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Analysis  of  the  water  of  Rio  Hondo  near  Rivera^  Cal.y  March  16,  1908. 
[Sftmple  collected  and  analyied  by  Walton  Van  Winkle.    Quantities  In  parts  per  million.] 


Turbidity Trace. 

Saica(SiO,) 26 

Iron  (Fe) 08 

Calcium  (Ca) 50 

Uagnesium  (Mg) 13 

Sodium  and  potafisium  ( Na+ K) . .     26 


Carbonate  radicle  (CO,) 2. 4 

Bicarbonate  radicle  (HCO,) 229 

Sulphate  radicle  (SO4) 21 

Chlorine  (CI) 16 

Nitrate  radicle  (NO,) 1.  2 

Total  Bolids 267 


SANTA    ANA    RIVER. 
DESCRIPTION. 

Santa  Ana  River  rises  in  the  San  Bernardino  Mountains  in  the 
eastern  part  of  the  San  Bernardino  National  Forest.  Flowing  west- 
ward in  its  upper  course,  the  river  emerges  from  the  mountains  through 
a  deep  precipitous  gorge  about  5  miles  northeast  of  the  town  of  Men- 
tone,  and  traverses  the  broad  San  Bernardino  Valley,  sinking  beneath 
its  sandy  bed  and  appearing  on  the  surface  only  in  flood  seasons. 
Through  this  valley  the  river  bottom  is  wide  and  shallow  and  the  bed 
is  composed  of  mixed  sand  and  gravel.  Near  the  city  of  San  Ber- 
nardino the  water  rises  to  the  surface  and  is  here  diverted  for  irri- 
gation. Little  of  the  river  water  appears  again  at  the  surface  until 
it  finally  reaches  the  sea. 

In  its  upper  course  the  river  passes  through  a  rough,  broken  country, 
and  receives  many  tributaries,  chief  among  which  is  Bear  Creek,  the 
outlet  of  Bear  Lake,  on  which  a  dam  has  been  constructed  to  store 
the  winter  run-off  for  summer  use.  The  bed  rock  of  this  part  of  the 
basin  is  granite  and  the  soil  covering  is  good. 

The  rich  alluvial  lands  of  the  lower  valley  are  devoted  almost  exclu- 
sively to  the  production  of  citrus  fruits,  the  value  of  the  river  water 
for  irrigation  being  great. 

During  1908  samples  of  water  were  collected  daily  from  the  Santa 
Ana  near  Mentone  and  near  Corona  at  the  head  of  the  canyon. 

CHARACTER  OF  WATER  NEAR  MENTONE. 

At  Mentone  the  Pacific  Light  and  Power  Company  has  built  a  power 
station,  to  which  much  of  the  water  of  the  river  is  diverted  through  a 
flume.  The  river  bed  at  this  point  is  composed  of  bowlders,  with 
stretches  of  hard,  firm  sand;  the  current  is  swift,  and  the  course  of 
the  stream  is  practically  straight  for  a  short  distance.  The  samples 
were  collected  daily  by  Charles  S.  Putnam — from  the  flume  during 
the  j>eriod  when  all  the  water  was  diverted,  but  at  other  times  from 
the  river  itself.* 

The  water  of  the  upper  Santa  Ana  is,  like  that  of  San  Gabriel 
River,  calcic  carbonate  in  type.  As  stream  flow  is  somewhat 
equalized  by  the  effect  of  the  storage  of  the  headwaters,  the  mineral 

«  For  data  regarding  gage  heights  and  discharge  of  Santa  Ana  River,  see  Water-Supply  Papers  U.  S.  Oeol. 
Sonrey  Nos.  81, 100, 134, 177,  and  213. 
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Mineral  analyses  of  vxiter  from  Santa  Ana  River  above  Mentone — Continued. 


«  The  valoes  given  for  CO»  are  abnormal  and  are  computed  as  UCO|  in  the  average. 
CHARACTER  OF  WATER  NEAR  CORONA. 

Samples  of  water  were  collected  daily  during  1908  by  Mrs.  W.  C. 
Warner  from  the  bridge  near  Auburndale,  a  small  settlement  on  the 
banks  of  the  Santa  Ana,  about  3  miles  from  Corona,  from  which  it 
it  may  be  reached  by  driving,  and  about  5  miles  below  the  entrance 
to  Santa  Ana  Canyon. 

Near  Riverside,  at  what  is  known  as  Riverside  Narrows,  the  water 
of  the  Santa  Ana  is  brought  to  the  surface  by  bed-rock  obstructions, 
and  it  gradually  increases  in  volume  until  it  reaches  Santa  Ana  Can- 
yon. At  Auburndale  the  surface  flow  is  continuous  throughout  the 
year,  and  the  river  contains  not  only  the  original  waters  of  the  Santa 
Ana,  but  added  waters  from  artesian  wells  which  are  located  above, 
especially  near  San  Bernardino  and  Riverside.     However,  as  all  these 
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waters  have  their  origin  in  the  San  Bernardino  Mountains,  and  as  all 
flow  through  practically  the  same  rock  and  soil  formations,  their 
mineral  characteristics  should  be  similar,  and  the  waters  of  the  Santa 
Ana  near  Corona  should  resemble  in  percentage  composition  the 
waters  at  Men  tone;  the  difference  is  an  increase  in  the  mineralization 
of  the  waters  near  Corona,  due  to  the  effect  of  seepage,  and  measures 
that  effect.  The  river  bottom  at  Auburndale  is  wide  and  sandy,  and 
the  slopes  are  moderate. 

The  analyses  (pp.  104-105)  show  that  on  reaching  Corona,  Santa 
Ana  River  has  become  chained  with  almost  two  and  a  half  times  as 
much  mineral  matter  in  solution  as  it  held  on  leaving  the  mountains. 
Although  all  the  constituents,  even  silica,  share  this  increase,  the  per- 
centage composition  of  the  anhydrous  residue  shows  that  a  decided 
change  has  taken  place  in  the  character  of  the  water.  Chlorine 
exhibits  the  greatest  proportional  increase,  the  total  amount  rising 
from  2.4  to  11.5  per  cent.  The  alkalies  exhibit  the  next  largest  rise, 
calcium  and  normal  carbonates  show  smaller  changes,  and  the  re- 
maining radicles  show  reductions,  silica  leading,  with  a  decrease  of 
7.3  per  cent,  while  the  bicarbonates  have  fallen  3.6  per  cent.  It  is 
thus  evident  that  the  changes  that  have  occurred  in  the  nature  of 
the  dissolved  material  are  large  and  important. 

Calcium  has  been  added  to  a  much  greater  extent  than  magnesium, 
the  ratio  of  magnesium  to  calcium  falling  to  1  to  4.7 — the  smallest 
relative  magnesium  value  noted  so  far  in  the  samples.  The  increase 
in  calcium  is  attended  by  an  increase  in  bicarbonates  almost  exactly 
in  ratio  of  composition  as  calcium  bicarbonate,  although  it  is  probable 
that  some,  at  least,  of  the  magnesium  increase  found  is  the  result  of 
solution  of  magnesium  carbonate.  Sulphates  show  an  increase  of 
22  parts  per  million,  probably  in  great  part  due  to  solution  of  sul- 
phates of  the  alkalies. 

That  the  seasonal  fluctuation  is  more  marked  in  the  water  of  the 
river  at  Corona  is  largely  due  to  the  fact  that  there  is  longer  surface 
flow  and  relatively  less  seepage  in  winter  than  in  summer,  the  result 
being  that  in  the  wet  season  less  mineral  matter  is  picked  up  in 
transit. 

Turbidity  also  shows  more  marked  variations  in  the  lower  than  in 
the  upper  regions.  Water  returned  to  the  river  from  irrigation 
ditches  is  turbid,  while  rain  falling  on  the  loose,  sandy  soil  of  the 
region  sends  to  the  streams  water  containing  a  large  amoimt  of  sus- 
pended material.  The  high  turbidity  recorded  in  late  September  and 
early  October  in  1908  was  due  to  severe  storms  througlwut  the  drain- 
age area. 

The  water  is  far  inferior  to  that  in  the  river  above  Mentone.     Al- 
though it  is  still  highly  useful  for  irrigation,  it  has  become  hard,  need- 
latment  to  render  it  fit  for  use  in  boilers.     Like  all  other  waters 
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high  m  carbonates  and  sulphates,  it  is  poor  for  domestic  use,  for  not 
only  does  it  consume  large  quantities  of  soap,  but  foodstuffs  cooked 
in  it  lose  flavor  and  actual  nutrient  value.  It  would  need  sedimen- 
tation or  coagulation  and  filtration  to  render  it  fit  for  a  municipal 
supply. 

Mineral  analyses  of  water  from  Santa  Ana  River  near  Corona. 
[Parts  per  million  unless  otherwise  stated.] 
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Dec.  4 
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4.8 
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.0  I  256 
.0   249 
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11.7 
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Trace. 
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4.0 
2.0 
3.8 
2.0 
2.5 
1.6 
1.6 
1.6 
2.2 
1.5 
1.3 
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347 


a  September  25,  turbidity  1,500,  suspended  matter,  3,200. 
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SAN   LUIS   REY   RIVER. 
DESCRIPTION. 

San  Luis  Rey  River  rises  on  the  western  slope  of  the  Coast  Range 
in  the  northern  part  of  San  Diego  County  and,  flowing  westward,  dis- 
charges its  waters  into  the  Pacific  Ocean  near  the  town  of  Oceanside. 
It  has  numerous  small  tributaries,  none  of  which  rise  at  elevations 
exceeding  5,000  feet  above  sea  level.  For  a  portion  of  its  length 
the  river  flows  through  a  deep,  narrow  canyon,  but  below  the  canyon 
the  grade  is  light  and  the  water  soon  disappears  in  a  sandy  gravelly 
bed,  rising  to  the  surface  again  near  the  town  of  Pala.  From  Pala 
to  the  ocean,  a  distance  of  about  25  miles,  its  grade  continues  light. 
The  discharge  of  the  river  is  irregular,  most  of  the  water  flowing  in 
the  late  winter  and  early  spring.  During  the  summer  the  flow  is 
very  slight.       ^ 

Soil  covering  is  good  throughout  the  basin,  and  there  is  a  consider- 
able growth  of  brush  and  grass.  On  the  upper  reaches  of  the  stream 
the  country  is  rolling,  and  several  small  valleys  are  under  cultivation 
for  raising  grain,  oUves,  and  lemons,  or  are  used  for  the  pasturage  of 
stock. 

CHARACTER  OF  WATBR. 

Samples  for  this  investigation  were  collected  daily  by  the  gage 
reader  at  the  gaging  station  near  Pala  Mills.**  The  stream  at  this 
point  is  narrow  and  swift,  its  bed  is  composed  of  coarse  gravel  and 
rocks,  and  the  banks  are  low  and  subject  to  overflow  at  high  stages. 

At  times  of  flood  the  river  carries  a  great  quantity  of  coarse  mate- 
rial in  suspension;  during  the  summer  months  the  water  is  fairly 
clear  but  it  then  carries  considerable  dissolved  mineral  matter, 
largely  bicarbonates,  calcium,  and  magnesium,  which  may,  however, 
be  removed  by  treatment.  The  total  amount  of  dissolved  material 
present  is  not  large  as  compared  with  that  in  the  coast  streams 
farther  north.     (See  analyses.) 

The  water  is  not  at  present  used  industrially  except  for  irrigation, 
but  it  is  admirably  adapted  for  agricultural  purposes  as  well  as  for 
those  industries  in  which  a  moderately  hard  water  is  not  objection- 
able.    For  use  in  boilers  the  water  would  require  softening. 

a  For  data  concerning  gage  heights  and  discharge  see  Water-Supply  Papers  U.  8.  Geol.  Surv^  Not. 
100, 134, 177,  and  213. 
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Mineral  analyses  of  water  from  San  Luis  Rey  River  at  PcUa. 
[Parts  per  million  unless  otherwise  stated.] 
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541  39 

59  38 
56  40 
58|  44 

60  42 
63:  41 


314 
342 
338. 
338. 
348 
3481 
342 
338 
346 
346' 
3541 
354 
358| 
352 
368 

400 


53,  39 

17.5    12. 


37.7 
37.7 
27.6 
25.2 
10  6 
5.95 
101 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
37.5 
32.1 
556 
335 


285 


19.0 
19.0 
13.9 
12.7 
5.36 
3.0 
5.10 
3.0 
3.0 
3.0 
3.0 
3.0 

ao 

18.9 
16.2 

280 

169 


143 


•  Abnonnal.    Computed  as  HCOa  in  the  average. 


t>  Mean  of  Fe  values  after  July  1. 


SANTA   YSABEL    CREEK. 
DBSCI^PTION. 

Santa  Ysabel  Creek  rises  on  the  western  slopes  of  the  Volcan  Range, 
in  the  San  Jacinto  Mountains,  and  flows  slightly  to  the  southwest, 
emptying  into  the  Pacific  Ocean.  In  its  upper  course  it  is  called 
Santa  Ysabel  Creek,  lower  down  Bernardo  River,  and  still  nearer 
the  ocean  San  Dieguito  River.  In  this  report  the  name  Santa  Ysabel 
is  applied  to  the  entire  stream. 

In  its  upper  valley  the  creek  traverses  a  rough,  broken  country, 
through  which  the  streams  have  cut  deep  gullies.  Leaving  the  moun- 
tains it  sinks  into  the  sands  of  the  San  Pasqual  Valley,  except  during 
the  rainy  season,  when  there  is  surface  flow.    Like  all  the  southern 
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coastal  streams,  Santa  Ysabel  Creek  is  torrential  in  character,  the 
maximum  flow  occurring  in  the  early  spring. 

STREAM  DISCHARGE. 

In  1908  the  maximum  discharge  of  this  stream  occurred  during 
January  and  February,  the  greatest  average  being  for  the  ten-day 
I>eriod  from  February  9  to  18,  mclusive,  when  it  was  120.6  acre-feet  a 
day.  From  January  20  to  March  9,  a  period  of  seven  weeks,  52.9  per 
cent  of  the  total  run-off  for  the  year  occurred,  while  in  the  twenty  days 
from  January  30  to  February  18, 23.8  per  cent  of  the  total  flow  for  the 
year  was  carried  past  the  gage.  The  river  was  dry  from  July  10  until 
September  26,  a  period  of  seventy-eight  days,  or  21.4  per  cent  of  the 
year.  It  is  thus  apparent  that  one-fourth  of  the  total  discharge 
occurred  within  three  weeks,  while  during  approximately  one-fourth 
of  the  whole  year  there  was  no  flow  whatever.  This  condition 
is  characteristic  not  only  of  Santa  Ysabel  Creek  but  of  all  the  tor- 
rential streams  of  the  San  Diego  mesas,  and  has.  a  decided  effect 
upon  the  appearance  of  the  streams  of  the  region  as  well  as  upon 
the  agricultural  development  of  the  section.  Most  of  the  streams 
flow  across  the  mesa  lands  in  narrow  canyons  with  abrupt,  precipitous 
walls.  They  rush  down  these  gorges  with  great  violence  in  the  rainy 
season,  oftentimes  overflowing  their  banks  and  spreading  out  over 
the  mesas;  but  in  the  summer  time  no  sign  of  flowing  water  is 
apparent,  and  the  canyon  floors  become  dry  beds  of  sand  and  gravel. 
The  waters  of  Santa  Ysabel  Creek  are  used  for  irrigation  in  San 
Pasqual  Valley,  but  in  years  of  abnormal  flow,  when  the  amount  of 
water  obtainable  is  insufficient,  all  the  crops  suffer.  If  agriculture 
were  to  become  more  extensive  than  at  present  it  would  be  necessary 
to  impound  and  store  the  flood  waters  of  the  streams  of  this  region 
and  hold  them  over  until  the  irrigation  season. 

CHARACTER  OF  WATER. 

Samples  of  water  were  taken  daily  during  periqds  of  surface  flow  in 
1908  by  F.  S.  Potts  at  the  Potts  ranch,  about  13  miles  east  of  the 
town  of  Escondido,  where  the  creek  leaves  its  canyon  and  enters  San 
Pasqual  Valley.  The  flow  at  this  place  is  almost  continuous,  the 
stream  becoming  dry  in  summer  only  in  exceptional  years.  The  bed 
of  the  creek  is  of  fine  shifting  sand,  the  slope  is  steep,  and  the  current 
is  consequently  swift.  The  results  of  the  analyses  are  shown  in  the 
accompanying  table. 
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Mvural  analyses  of  water  from  Santa  Ysabel  Creek  at  San  Pasqual  near  EscondidOf  Cal. 
(Draloage  area,  128  square  miles.    Qoaatities  in  parts  per  mtUioa  unless  otherwise  stated.] 


Date. 


Frotn- 


To- 


1907.         19(8. 
Dec.  31    Jan. 


1908. 
Jin.  10 
Jin.  20 
Ju.  30 
Feb.  9 
Feb.  19 
Feb.  39* 
Mir.  10' 
Mir.  30 
Mir.  30 
Apr.  9 
.\pr.  19 
kpr.  29 
Miy  9 
M17  19 
Miy  29 
Jane  8 
Jane  18 
Jane  28 
Jaly  8 
SepL26 
Oct.  6 
Oct.  16 
Oct.  26 
Nov.  S 
Not.  15 
Not.  25 
Dec.  5 
Dec.  15 
Dec.  25 


Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  10 
Oct.  5 
Oct.  15 
Oct.  25 
Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
Dec.  14 
Dec.  24 
Dec.  31 


Mean 

Percent  of  anhy- 
drous residue. 


5 

90 

30 

40 

8 

19 

5 

15 

5 

10 

10 

10 

Tr. 

Tr, 

5 

Tr. 

Tr. 

Tr. 

10 

60 

Tr. 

45 

Tr. 

6 

4 

40 

10 

Tr 


274 
38 
151 


25 


47 


400. 11 


54 
54 

49 
49 
48 
42 
40 
47 
49 
47 

44 

16.0 


37 


16 


iA  II 

1.  i^ 


2  3 


58 


35  14 
29,12 
2811 
27  10 

25  8.2 
22^12 
2611 

26  13 
26,12 
27tlO 
26  12 
2612 
27'  9.6 

26  12 

27  12 
28,13 
2814 
3213 


43 


33  18 
33,18 
3016 
30  13 
.3015 
32  17 
30  14 
3015 
3015 

34  16 


29 
10.5 


1581      33  2.0 


0 
0 
0 
0 
2.4 

4.3 

7.2 

4.8 

0 

0 

42   7.2 
48  0 


54  1.2 

46  0 

54  0 

48  0 

61  2.4 

55i  0 

52  0 

52  0 

58  0 

54  0 


13         42    1.3 

I 
4.7  15.3,28.4 


156 
137| 
122 
116 
134' 
133 
138, 
135 
144 
136 
144 
148! 
132 
138 
154 
159 
154 
179 


40 


20(i 
206 
185 
190 
181 
181 
167 
176 
172 
173 

160 


31|  .48 
33  .16 

26  .48 
32^  .« 
28  1.1 
32,  4.0 

27  1.9 
31  1.9 
35;  .40 

28  .50 
24;  2. 1 

25  1.2 
27.  .96i 

26  1.2 
24,  Tr 

29  .48 
25  .72 


277 


39  270 

33  236 

29  232 

28  209 


237 
214 
243 
234 
241 
261 
244 
241 
238 
247 


254 
273 
293 


.02 
.86 
.68 
.08 


32  Tr 


Tr. 
.30 
.72 
.44 


301  .84 
10.9  0.3 


348 
302 
317 
299 
289 
282 
289 


38 
13.8 


Mean  dis- 
charge. 


21.8 


10.9 
49.9 
59.2 
60.8 
41 


250  15 


.56 
.46 
2.08 
1.60 
3.29 
6.64 
12.9 
10.3 
9.60 
10.7 


260  34 


1 


3  56.6 
2  33.9 
25.9 
23.6 
15.3 
25.8 
17.7 
16.4 
9.6 
7.54 
5.07 
3.8 
1.06 


.28 
.23 
1.06 
.85 
1.66 
3.35 
6.5 
6.2 
4.84 
5.4 


17 


iss. 


0.0650 


.0851 
.3898 
.4624 
.4750 
.3203 
.4422 
.2648 
.2023 
.1843 
.1117 
.2015 
.1383 
.1281 
.0750 
.0589 
.0396 
.0297 
.0083 


.0018 
.0018 
.0082 
.0066 
.0129 
.0261 
.0508 
.0406 
.0378 
.0422 

.135 


Bicarbonates  comprise  a  large  part  of  the  dissolved  material  in  the 
water  of  this  creek,  while  next  in  importance  is  silica,  which  attains 
a  very  high  value,  ranging  from  38  parts  per  million  with  total  solids 
at  209  to  54  parts  per  million  with  total  solids  at  349.  The  alkalies, 
which  come  next  in  order  of  quantity,  show  marked  variations,  and 
it  is  probable  that  a  large  part  of  the  variation  in  total  solids  is  due 
to  the  fluctuations  of  dissolved  alkaline  chlorides  and  silicates.  Chlo- 
rides are  extremely  high,  varying  from  28  to  60  parts  per  million. 

For  irrigation  the  quality  of  the  water  is  very  good.  A  small 
amount  of  normal  carbonates  is  occasionally  present,  and  as  a  result 
black  alkali  might  at  times  be  deposited,  but  the  quantity  would  be 
negligible,  and  evil  results  could  be  prevented  by  proper  drainage  of 
the  lands. 

The  water  of  this  creek  is  hard,  but  the  hardness  is  largely  of  the 
temporary  character  which  can  be  removed  by  preheating  or  chemical 
treatment.    The  addition  of  a  little  soda  asl^  tQ  the  water  will  remove 
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considerable  of  the  lime  salts  and  reduce  the  tendency  to  form  scale. 
In  boilers  not  frequently  blown  out  this  water  might  cause  corrosion 
by  reason  of  its  high  content  of  chlorides,  and  if  the  salts  were  allowed 
to  concentrate  greatly  foaming  might  also  occur.  For  drinking  the 
water  should  cause  no  trouble  if  filtered  or  boiled  before  being  used. 
The  population  of  the  district  is  not  yet  sufficiently  dense  to  warrant 
the  erection  of  filtration  plants  for  any  of  the  settlements. 

COTTONWOOD  CREEK. 
DESCRIPTION. 

Cottonwood  Creek  is  a  torrential  stream  rising  on  the  western  slopes 
of  the  San  Jacinto  Mountains  and  flowing  southwestward  to  the  Tia 
Juana,  near  the  boundary  between  California  and  Mexico.  The  coun- 
try through  which  it  passes  is  very  rough.  The  bed  rock  is  a  granite 
of  loose  texture  and  the  soil  covering  is  good.  A  growth  of  scrub 
trees,  mainly  oak,  occurs  throughout  the  basin. 

CHARACTER  OP  WATER. 

Samples  of  water  were  collected  daily  during  1908 — except  in  July, 
August,  September,  and  October,  when  the  stream  bed  was  dry — at 
Barrett  dam,  about  35  miles  east  of  San  Diego  and  about  8  miles 
north  of  the  Mexican  boundary,  through  the  courtesy  of  William 
Clayton,  manager  for  the  Southern  California  Mountain  Water  Com- 
pany, which  is  constructing  the  dam.  The  collector  was  M.  M. 
O'Shaughnessy. 

Fluctuations  in  the  mineral  content  of  this  stream  are  irregular  (see 
analyses,  p.  113),  as  would  be  expected  from  the  small  size  and  semi- 
arid  character  of  its  drainage  area.  A  change  in  dissolved  material 
manifests  itself  after  each  rainfall,  and  the  relation  between  dis- 
charge and  quality  for  the  winter  months  is  therefore  far  less  uniform 
than  that  for  the  summer  or  fall.  In  1908  the  least  dissolved  mineral 
matter  was  found  for  the  period  including  late  February  and  early 
March,  the  amount  increasing  steadily  up  to  the  time  when  surface 
flow  ceased.  It  is  probable  that  the  subsurface  flow  during  July, 
August,  September,  and  October  carried  about  500  parts  per  million 
of  dissolved  mineral  matter,  approaching  in  character  that  recorded 
for  the  composite  sample  of  June  28  to  July  8. 

The  water  is  alkaline  carbonate  in  type,  calcium  being  second  in 
importance  to  the  alkali  bases  and  chlorine  being  the  second  most 
prominent  acid  radicle.  The  increase  in  alkalies  and  chlorine  is  most 
conspicuous  when  an  increase  in  total  solids  occurs,  carbonates  shar- 
ing the  rise  with  chlorides.  Normal  carbonates  appear  in  most  of  the 
analyses,  and  their  presence,  although  in  small  quantities,  is  a  danger 
sig:n  for  irrigation. 
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Considering  the  character  of  the  region  through  which  the  stream 
flows,  the  water  is  fair  for  municipal  use.  It  is  hard,  both  temporary 
and  permanent  hardness  being  high.  Soda  ash  or  some  similar  soften- 
ing compound  should  be  added  if  the  water  is  to  be  used  for  steaming, 
and  much  soft  scale  will  then  be  formed,  which  must  frequently  be 
removed.  The  corrosion  of  boilers  that  is  likely  to  result  can  not 
well  be  prevented  by  treating  the  water. 

Mineral  analyses  of  water  from  Cottonwood  Creek  at  Barrett  dam,  San  Diego  County. 
[Parts  per  million  unless  otherwise  stated.] 


Date. 


From —       To— 


1907. 
Dec    31 

1906. 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Feb.  29 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  19 
Apr.  29 
Maj  9 
Mar  19 
May  29 
Jane  8 
Jaop  18 
Jane  28 
July  8 
Nor.  6« 
-Not.  W 
Nov.  28 
Dec.  5 
D«.  15 
Dec.  25 


1906. 
Jan.      9 


Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Fob.  28 
Mar.  9 
ICar.  19 
Mar.  29 
Apr.  8 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  9 
Nov.  15 
Nov.  25 
Dec.  4 
Dec.  14 
Dec.  24  , 
Dec.   31 


Mean... 

Percent  of  anhy- 
drous residue. 


15 

105 

IGO 
45 
30 
50 
15 
12 
10 
15 

Tr. 
5 

Tr. 

Tr. 

Tr. 

Tr. 
5 

Tr, 

Tr. 

Tr. 

Tr. 

Tr. 
10 

Tr. 


19 


125 
67 
14 
40 


15 


44 

10.4 


42  0.05 


39|  .18 
.12 
39 
40 
43 
39 

43^  .30 
27 


43 

53  .05 


.04 
.15 
.02 
.35 

.18 


48  .08 


.18 
.13 


46  .12; 


.16 
.14 
.14 
.26 
J2 

.18 

0.0: 


a  Creek  dry  during  summer. 
NOTES  ON  MUNIdPALITIES. 

Reports  were  received  from  58  settlements  in  the  south  Pacific 
Ocean  drainage  area.  Sixteen  of  these  towns  and  cities  take  their 
entire  water  supply  from  surface  streams,  14  derive  part  of  their  sup- 
ply from  streams  and  a  part  from  wells,  27  are  supplied  entirely  by 
wells,  and  1  uses  a  mineral  spring.  Only  6  places  filter  the  surface 
supplies,  the  other  52  using  no  method  of  purification. 

The  statistical  data  regarding  water  supply  are  presented  in  detail 
in  the  following  table: 

35550— IRR  237—10 8 
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INTERIOR  BASIN  AND  COLORADO  RIVER  DRAINAGE. 

DESCRIPTION. 

The  interior  basin  of  California  comprises  that  portion  of  the  State 
lying  east  of  the  Sierra.  It  extends  the  whole  length  of  the  State 
as  a  narrow  strip  running  from  the  northeastern  comer  and  widening 
out  in  the  southern  part  to  include  the  great  Mohave  Desert.  Its 
extreme  southeastern  boundaries  are  the  low-lying  hills  that  sepa- 
rate it  from  the  drainage  basin  of  Colorado  River,  and  its  southern 
limits  are  the  mountains  that  shut  it  off  from  the  Imperial  Valley 
and  the  Salton  Sea  drainage. 

Included  in  this  drainage  area  are  two  principal  subdrainages,  the 
Sierra  and  the  minor  Great  Basin.  The  first  includes  the  Honey 
Lake  drainage,  of  which  the  chief  river  is  the  Susan;  the  Truckee 
River  drainage  in  California;  the  Mono  Lake  drainage;  and  the 
Owens  River  system.     In  the  second  is  the  Mohave  River  system. 

The  predominating  surface  formation  of  the  northern  part  of  the 
interior  basin  drainage  is  made  up  of  tuffs  and  lavas.  The  middle 
section  takes  its  geologic  character  from  the  Sierra  Nevada  and  its 
surface  rocks  are  largely  granites.  The  lower  portion,  comprising 
the  Mohave  Desert,  is  a  wide  plateau  interspersed  with  bare,  soilless 
buttes  of  granite.  The  desert  floor  is  a  coarse,  undecomposed  granite 
sand,  and  in  places  the  surface  is  coated  with  alkali  dust. 

The  soils  of  the  upper  and  middle  portions  of  the  drainage  area 
are  rich  and  fertile,  only  the  high  Sierra  being  bare  of  covering. 
The  soil  of  the  lower  portion,  although  intrinsically  rich,  has  in  most 
places  suffered  so  greatly  from  the  extreme  aridity  of  the  climate 
that  large  deposits  of  alkaline  and  saline  material  lie  on  the  surface, 
rendering  it  unfit  for  use  even  should  it  be  possible  to  bring  water 
upon  it.  In  restricted  areas  north  of  the  San  Bernardino  Mountains, 
where  it  has  been  possible  to  obtain  artesian  water,  the  desert  is 
being  slowly  converted  into  a  more  or  less  fertile  plateau,  but  it  will 
be  impracticable  to  reclaim  a  very  large  amount  of  land  as  the 
available  water  supply  is  extremely  small. 

In  the  Honey  Lake  and  Truckee  districts  forestation  is  good, 
most  of  the  timber  being  on  government  reserve.  The  greater  part 
of  the  drainage  area,  that  lying  to  the  south  of  Owens  Lake,  is  bare 
of  trees,  only  here  and  there  a  dwarfed  and  stunted  growth  being 
found. 

Except  in  the  Honey  Lake  district  and  in  Owens  Valley  the  popu- 
lation is  very  small,  and  much  of  the  basin  supports  only  straggling 
mining  camps.  The  total  number  of  inhabitants  may  be  estimated 
roughly  at  150,000. 

Grazing  and  agriculture  are  the  principal  industries  in  the  Honey 
Lake  region  and  in  Owens  Valley,  while  other  parts  of  the  area  are 
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either  without  industries  of  any  kind  or  are  devoted  chiefly  to  mining. 
The  largest  borax  mines  in  the  United  States  are  in  this  region. 
Gold  is  mined  at  a  number  of  places,  and  some  sections  of  the  desert 
yield  materials  suitable  for  the  manufacture  of  cement. 

The  Colorado  River  drainage  in  California  is  small  and  unim- 
portant and  a  general  investigation  of  its  waters  was  not  attempted. 
Some  analyses  of  the  waters  of  Sal  ton  Sea  are  given  on  page  125. 

SIERRA  SUBDRAINAGE. 

OWENS    RIVER. 

DESCRIPTION. 

Owens  River  rises  in  the  eastern  slopes  of  the  Sierra  Nevada  near 
San  Joaquin  Pass,  at  an  elevation  of  over  10,000  feet  above  sea  level, 
and  about  90  miles  from  its  source  discharges  into  Owens  Lake. 
Its  course  lies  down  the  steep  granite  slopes  of  the  Sierra,  across 
the  swampy  meadow  lands  of  Long  Valley,  and  through  a  long 
canyon  800  feet  deep,  from  which  it  finally  emerges  into  Owens 
Valley  proper.  Passing  eastward  from  the  mouth  of  the  canyon,  it 
is  deflected  southward  by  the  slopes  of  the  White  Mountains  and  flows 
slightly  southeastward  for  the  remainder  of  its  course.  Numerous 
tributary  streams  enter  the  valley,  among  which  may  be  mentioned 
Rock,  Pine,  Bishops,  Big  Pine,  Taboose,  Oak,  Independence,  Shep- 
herds, Georges,  Long  Pine,  and  Cottonwood  creeks.  All  of  these  are 
relatively  unimportant. 

The  drainage  basin  of  Owens  River  is  about  150  miles  long  and 
20  to  25  miles  wide.**  It  is  bordered  on  the  west  by  the  Sierra 
Nevada,  from  which  comes  practically  all  the  flow  of  its  tributary" 
streams,  and  on  the  east  by  the  White  Mountains,  whose  slopes, 
except  in  times  of  exceptional  rainfall,  are  arid.  The  bed  rock 
throughout  all  this  basin  is  granite  and  the  soil  covering,  except  in 
the  valley  itself,  is  slight.  Stock  raising  is  the  principal  industry, 
but  large  areas  are  devoted  to  raising  hay  and  grain. 

The  city  of  Los  Angeles  is  building  an  aqueduct  to  take  water  from 
Owens  River  for  its  municipal  supply,  transporting  it  by  siphon, 
flume,  tunnel,  and  canal  down  Owens  Valley,  across  the  Mohave 
Desert,  and  through  the  San  Fernando  Mountains  to  the  city. 

Sampling  stations  were  maintained  on  Owens  River  during  1908 
at  Round  Valley  and  at  Charlies  Butte. 

CHARACTER  OP  WATER  AT  ROUND  VALLEY. 

At  Round  Valley  Owens  River  passes  through  a  lava  formation  in 
a  deep,  rocky  gorge.  The  bed  of  the  stream  is  composed  of  rock 
and  lava  bowlders  and  the  grade  is  sufficiently  steep  to  cause  a  swift 
current. 


oClapp.  \V.  B.,  Surface  water  supply  of  California,  1906:   Water-Supply  Taper  U.  S.  Oeol.  Sur>'ey 
No.  213,  1907,  p.  34. 
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Sample  of  water  were  taken  from  the  river  at  Round  Valley  daily 
from  April  12,  1908,  to  the  end  of  the  year  by  L.  Roberts. 

Stream  flow  in  upper  Owens  River  reaches  its  maximum  in  summer, 
when  the  snows  on  the  mountains  are  melting.  During  the  winter 
the  rim-off  is  small. 

The  series  of  analyses  of  the  water  of  Owens  River  at  Round 
Valley  is  incomplete,  and  it  is  therefore  impossible  to  form  a  concep- 
tion of  seasonal  variations  as  exact  as  might  be  desired.  The  water 
is  alkaline  carbonated  in  type,  being  unusual  among  California  surface 
waters  in  this  respect.  The  analyses  show  that  the  amount  of  dis- 
solved mineral  matter  varies  greatly  during  the  year,  falling  below 
100  parts  per  million  ^hen  the  snows  are  melting  and  increasing  to 
more  than  275  parts  per  million  during  the  dry  period,  the  increase 
being  chiefly  in  the  alkalies  and  the  acid  radicles. 

The  water  is  good  for  municipal  use,  its  hardness  being  largely 
temporary.  The  addition  of  small  quantities  of  soda  ash  will  prevent 
the  formation  of  scale  from  calcic  and  magnesic  salts.  The  water  is 
also  well  adapted  for  irrigation. 

Mineral  analyses  oftoaterfrom  Owens  River  near  Round  Valley. 
[Parts  per  million  unless  otherwise  stated.] 
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CHARACTER  OP  WATER  AT  CHARLIES  BUTTE. 

The  intake  for  the  diversion  canal  of  the  Los  Angeles  aqueduct  is 
located  near  CharUes  Butte,  a  basaltic  mass  in  Owens  Valley  about  7 
miles  south  of  Tinemaha.^  Samples  of  water  were  collected  daily 
during  1908  from  Owens  River  at  this  point  by  Ray  Bowers. 

At  Charlies  Butte  the  maximum  flow  occurs  in  the  winter,  the 
lower  valley  receiving  considerable  runoff  from  the  rains  and  melting 
snows  of  the  rainy  season.  A  second  period  of  high  flow,  resulting 
from  the  melting  snows  on  the  Sierra  Nevada,  occurs  in  the  summer. 
In  1908  the  summer  flood  was  considerably  less  in  volume  than  that 
of  the  winter,  but  showed  a  very  decided  increase  over  the  ordinary 
dry-season  discharge. 

Fluctuation  in  the  mineral  content  of  Owens  River  is  less  and  the 
total  content  is  persistently  greater  at  Charlies  Butte  than  at  Round 
Valley.  Minimum  values  occurred  in  1908  in  October,  when  203 
parts  per  million  were  recorded,  and  maximum  values — 432  parts 
per  million — were  reached  in  the  early  spring. 

The  water  is  alkaline  carbonated  in  type,  as  at  Round  Valley,  the 
percentage  composition  of  the  samples  from  the  two  places  being 
similar  in  this  respect.  SiHca  is  high  in  value,  while  calcium  and 
magnesium  are  relatively  low. 

The  water  is  well  adapted  for  irrigation  and  is  suitable  for  a  munic- 
ipal supply,  the  chief  hardness  being  of  the  temporary  type.  Small 
amounts  of  soda  ash  should  be  added  before  using  this  water  in 
steam  boilers.  It  is  not  particularly  well  adapted  for  the  greater 
number  of  manufacturing  industries  which  use  water  in  connection 
with  chemical  processes. 

a  See  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  177,  p.  83;  also  No.  213,  p.  37. 
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Mineral  analyses  of  water  front  Owens  River  at  Charlies  BxUU  near  Tinemaha. 
[Parts  per  million  unless  otberwiae  stated.) 


a  Abnormal.    Computed  as  UCOi  in  the  average. 

OWENS   LAKE. 

DESCRIPTION. 

Owens  Lake,  into  which  the  waters  of  Owens  River  discharge,  is  a 
large,  shallow  body  of  water  lying  in  the  southern  extremity  of  Owens 
Valley.  The  lake  is  without  visible  outlet,  and  its  volume  depends 
on  the  relation  of  inflow  to  evaporation.  The  general  tendency  of 
the  lake  toward  gradual  diminution  in  size  has  recently  been  checked 
by  a  succession  of  unusually  wot  seasons,  which  have  sent  abnormally 
large  quantities  of  water  to  the  lake.  The  summer  droughts  have 
failed  to  restore  the  water  to  its  ordinary  level,  and,  temporarily  at 
least,  the  size  of  the  lake  is  increasing.  On  May  1,  1909,  the  water 
level  was  higher  than  it  had  been  for  many  years. 
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CHARACTER  OP  WATER. 

The  lake  shows  every  evidence  of  having  been  at  one  time  a  body 
of  pure,  fresh  water,  but  owing  to  its  landlocked  condition  and  to 
the  resultant  gradual  concentration  of  the  salts  held  in  solutioa  it  is 
now  one  of  the  most  strongly  saline  lakes  in  America.  It  has  been 
of  great  interest  to  chemists  and  its  waters  have  several  time^  been 
analyzed.  Oscar  Loew  estimated  that  in  1876  it  contained  22,000,000 
tons  of  sodium  carbonate  and  5,000,000  tons  of  potassium  sulphate 
in  solution.^  At  the  time  of  his  analysis  it  was  not  known  that  the 
water  contained  large  amounts  of  borates,  and  only  traces  of  these 
were  recorded  by  him.  Later,  in  1886,  T.  M.  Chatard  made  analyses 
of  samples  collected  by  I.  C.  Russell,  of  the  United  States  Geological 
Survey,  and  his  report^  indicates  a  large  amount  of  boric  acid  in 
solution.  He,  however,  neglected  to  find  any  considerable  amount 
of  phosphoric  acid,  arsenic,  or  nitric  acid,  and  his  analyses  can  not 
therefore  be  considered  complete.  In  1906,  at  the  request  of  Willis 
T.  Lee,  one  of  the  geologists  of  the  Survey,  a  complete  analysis  of  the 
waters  of  the  lake  was  made  by  C.  H.  Stone  and  F.  M.  Eaton.  The 
results  of  the  various  analyses  here  referred  to  are  presented  in  the 
following  table: 

Analyses  of  the  water  of  Owens  Lake. 
[Parts  per  mlllloD.] 


a  Al  2.'i°r. 

1.  Analysis  hy  DtKtor  Loew,  1870. 

2.  Analysis  by  T.  M.  Chatard,  1880. 

3.  Analysis  by  C.  H.  Stone  and  F.  M.  Eaton.  1906. 

The  analyses  show  that  the  alkaline  carbonates,  chlorides,  and 
sulphates  form  the  greater  part  of  the  dissolved  mineral  matter,  the 
sulphates  being  important  because  they  are  most  troublesome  in  the 
manufacture  of  soda.     Nitrates,  phosphates,  and  arsenic,  as  reported 

a  Ann.  Kept.  U.  S.  Geog.  Surveys  W.  100th  Mer..  187G.  A  pp.  H3,  p.  193 

b  Chatard,  T.  M.,  Natural  soda,  Its  occurrence  and  utilixatlon:  Bull.  U.  S.  Geol.  Survey  No.  60, 1886,  p.  58. 
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in  the  analysis  by  Stone  and  Eaton,  are  present  in  greater  quantities 
than  have  been  elsewhere  reported  for  surface  waters. 

The  water  is  used  commercially  for  the  recovery  of  soda,  and  a 
large  plant  is  situated  on  the  shores  of  the  lake  at  Kieler.  This  soda 
pknt  and  the  Death  Valley  borax  plant  form  the  two  notable  manu- 
factories of  eastern  CaUfomia,  and  the  water  of  Owens  Lake  must 
therefore  be  ranked  as  one  of  the  most  important  natural  commercial 
assets  of  the  region. 

MONO   LAKE. 

Mono  Lake  lies  in  an  elevated  valley  directly  north  of  the  head- 
waters of  Owens  River.  It  receives  a  scant  drainage  from  the  sur- 
rounding monntains,  and,  having  no  outlet,  maintains  its  level  by 
means  of  evaporation.  An  analysis  of  the  water  of  this  lake,  made  in 
1882  by  T.  M.  Chatard  ®  is  quoted  here  for  comparison  with  the 
analyses  of  the  water  of  Owens  Lake. 

Analysis  of  water  of  Mono  Ldke.^ 

[Analyst,  T.  M.  Chatard.] 

Parts  per  millioo.  Parts  per  million. 

Carbonate  radicle  (CO3) 13, 101 

Sulphate  radicle  (SO^) 6, 384 

Borate  radicle  (B^O;) 153 

Chlorine  (CI) 11,581 

Hydrogen  (H) 50 

Total  solids 51 ,  170 


SiHcaCSiOj) 67 

Aluminum  (Al) 


Iron(Fe) 

Calcium  (Ca) 19 


1.5 


Ma^edum  (Mg) 53 

Sodium  (Na) 18, 837 

Potassium  (K) 920 


The  analysis  shows  that  this  water,  like  that  of  Owens  Lake,  con- 
tains chiefly  alkaline  carbonates,  chlorides,  and  sulphates,  but  that  it 
is  less  concentrated  than  the  water  of  Owens  Lake.  Owing  to  its 
elevation  and  to  the  resulting  brief  duration  of  the  warm  season  it  is 
doubtful  whether  this  lake  can  be  developed  commercially. 

LAKE   TAHOE. 

Lake  Tahoe  is  situated  in  the  high  Sierra  region  in  the  east-central 
part  of  California,  and  is  the  first  of  a  series  of  lakes  in  California  and 
Nevada  connected  by  the  Truckee  and  Carson  rivers.  It  lies  at  a 
great  elevation  and  derives  its  water  chiefly  from  the  melted  snows 
of  the  Sierra  Nevada.  The  following  analysis,  by  F.  W.  Clarke,*^ 
shows  the  marked  freedom  of  the  water  of  this  lake  from  mineral 
matter  in  solution. 

•Chatard,  T.  M.,  Natural  8oda,  Its  occurrence  and  utilization:  Bull.  U.  S.  Geol.  Survey  No.  60, 1887,  p.  53. 
*  Sample  collected  in  1882  by  I.  C.  Russell  on  east  side  of  lake  at  a  depth  of  I  foot. 
'Oirke,  F.  W.,  The  data  of  geochemistry:  Bull.  U.  8.  Oeol.  Survey  No.  330, 1908,  p.  122. 
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Analysis  of  water  of  Lake  Tahoe. 
[Analyst,  F.  W.  ClM-ke.] 

Parts  per  million.  Parts  per  million. 

SUicaCSiOa) 14  Carbonate  radicle  (CO,) 28 

Calcium  (Ca) 9. 4  Sulphate  radicle  (SO4) 5. 5 

Magnesium  (Mg) 3.0  Chlorine  (CI) 2.3 

Sodium  (Na) 7.4  |  Total  solids 73 

Potassium  (K) 3.  3  ! 

From  the  above  analysis  it  is  apparent  that  the  water  is  alkaline 
carbonate  in  type,  similar  to  that  of  Owens  River.  It  is  of  great 
mineral  purity  and  could  be  used  for  any  purpose  without  previous 
treatment,  except  that  for  domestic  use  its  general  bacterial  purifica- 
tion is  necessary. 

MINOR  GREAT  BASIN  SUBDRAINAGE. 

MOHAVE    RIVER. 
DBSCRIPTION. 

Mohave  River  rises  on  the  northern  slopes  of  the  San  Bernardino 
Mountains,  flows  through  high  valleys  in  a  general  northerly  direc- 
tion to  a  point  near  Oro  Grande,  where  it  turns  eastward  and  gradually 
loses  itself  in  the  sandy  Mohave  Desert.  Few  streams  are  tributary 
to  this  river  and  all  of  these  join  it  in  its  mountain  reaches.  The 
bed  rock  at  the  headwaters  is  granitic,  with  a  good  soil  covering, 
and  this  condition  continues,  except  for  occasional  beds  of  lime- 
stone, throughout  the  entire  course  of  the  stream.  The  floor  of 
Mohave  Desert  is  composed  of  a  disintegrated  granite  sand  rich  in 
feldspar,  permitting  the  solution  of  large  quantities  of  alkaline 
minerals. 

The  upper  valley  of  the  Mohave,  between  the  San  Bernardino 
Mountains  and  Victorville,  receives  no  surface  flow  except  in  the 
winter  months.  At  Victorville  a  granite  ledge  forms  a  barrier  to 
the  passage  of  the  underflow,  and  the  river  rises  to  the  surface 
through  what  is  locally  called  the  '^Narrows."  Northward  from  the 
*' Narrows''  the  valley  gradually  broadens  out  and  the  river  again 
sinks  slowly  into  its  sandy  bed.  The  lower  course  of  the  stream 
in  the  desert  is  marked  by  a  decided  efflorescence  of  alkaline  mate- 
rial, and  it  is  probable  that  the  waters  here  are  very  heavily 
impregnated. 

CHARACTBR  OF  WATER. 

A  single  sample  of  water  was  taken  from  the  Mohave  at  Victor- 
ville on  March  17,  1908.  At  this  place,  at  which  it  has  been  pro- 
posed to  erect  a  dam  to  impound  water  for  irrigation,  the  river  bottom 
is  rocky,  with  large  stretches  of  shifting  sand,  and  the  current  is 
swift.     The  results  of  the  analysis  are  shown  in  the  following  table: 
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Analysis  of  water  of  Mohave  River  at  Victorville,  March  17,  1908. 


Parts  per  million. 

Carbonate  radicle  (CO3) 0 

Bicarbonate  radicle  (HCO3) 83 

Sulphate  radicle  (SO,) 7. 9 

Chlorine  (CI) 6 

Nitrate  radicle  (NO3) 36 

Total  solids 117 


[Analyst,  Walton  Van  Winkle.) 
Parts  per  mllUon. 

Turbidity 15 

Silica  (SiOj) 25 

Itmi  (Fe) 20 

Calcium  (Ca) 15 

Magnedum  (Mg) 2. 9 

Sodium  and  potassium  (Na+K)  .     15 

So  far  as  may  be  judged  from  a  single  analysis,  the  water  of  Mohave 
River  at  the  Narrows  is  of  excellent  quality.  Total  solids  are  low, 
hardness  is  small  and  chiefly  temporary,  and  serious  mineral  con- 
tamination is  not  indicated.  For  use  in  boilers  no  treatment  of 
the  water  is  necessary.  Soap  consumption  is  small,  and  the  water 
is  admirably  adapted  for  general  purposes. 

SALTON  SEA. 

As  the  Colorado  River  drainage  in  California  is  small  and  unim- 
portant a  general  investigation  of  its  waters  was  not  attempted.  For 
special  purposes,  however,  analyses  have  been  made  of  the  waters  of 
Salton  Sea,  the  large,  shallow  body  of  water  lying  in  a  depression  at 
the  head  of  Imperial  Valley  in  what  was  formerly  called  Salton  Sink. 
Once  an  inland  sea  formed  by  the  waters  of  the  Colorado,  it  later  lost 
its  inlet  through  the  silting  up  of  the  channel,  and  finally  dried  up 
into  a  saline  bed  or  sink,  and  small  streams  flowing  into  it  from  the 
surrounding  mountains  lost  themselves  in  its  sandy  wastes.  In  1891 
the  high  water  in  the  Colorado  overflowed  into  the  sink,  forming  anew 
the  Salton  Sea.  Flooding  was  renewed  in  1905,  increasing  the  size  of 
the  sea.  Although  the  waters  of  Colorado  River  are  now  restrained 
from  overflow  into  this  valley,  considerable  seepage  water  and  waste 
from  the  irrigating  ditches  still  enters  the  sink,  and  as  a  result  the 
evaporation  of  the  sea  will  be  a  matter  of  many  years. 

In  November,  1907,  G.  K.  Gilbert  obtained  a  sample  of  water 
from  the  sea,  and  in  February,  1908,  another  sample  was  collected 
by  J.  A.  Jeffrey.  The  first  sample  was  analyzed  in  the  laboratory 
at  Berkeley;  the  later  one  was  analyzed  in  the  Survey  laboratory, 
at  Austin,  Tex.     The  results  of  these  analyses  are  j)resented  in  the 

following  table: 

Analyses  of  water  of  Salton  Sea, 

(Parts  per  million.] 


Inn  (Fe) 
Ahmilnam  (Al) 
CUdam(Ca)... 
MaoKMium  (Mg) 
Sodium  (Ne).... 


I  Potassium  (K) 

Carbonate  radicle  (CO3) 

Bicarbonate  radicle  (HCOa). 

Sulphate  radicle  (SO*) 

Chlorine(Cl) 

Nitrate  radicle  ( NOg) 

Total  solida 


1- 

150 

12 

140 

559 

1,827 

.36 

3,912 

155 

11 

150 

562 

1,925 


4,087 


1.  OiUected  November  12,  \W1,  by  Dr.  0.  K.  Gilbert,  and  analysed  by  Walton  Van  Winkle. 

2.  Collected  February  28,  1908,  by  J.  A.  Jeffrey,  Mecca,  Cal.,  and  analyzed  by  J.  A.  Bailey  and  A.  M. 
McAlee. 
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The  water  is  alkaline  muriated,  as  might  be  expected  in  a  sink 
of  this  nature.  It  is  useless  for  practical  purposes,  and  the  analyses 
serve  merely  to  indicate  the  commencement  of  the  gradual  increase 
in  concentration  of  minerals  which  will  occur  until  the  lake  finally 
disappears. 

NOTES  ON  MUNICXPALITIES. 

But  three  incorporated  towns  in  these  drainage  areas  reported 
water-supply  conditions.  The  statistics  appear  in  the  following 
table: 

Statistics  of  municipal  water  supplies  in  interior  basin  and  Colorado  River  drainage  basin. 


Settlement. 


Drainage  basin. 


Bishop Owens  River. . . 

Imperial Colorado  River. 

Busanyille |  Honey  Lake... 


Popu- 
lation. 


2.000 
2,000 


1.000 


River. 


Owens. 


Susan. 


Sourco  of  supply. 

Nature  of  system. 

Stream 

Gravity. 
Gravity       and 

pumping. 
Gravity. 

Colorado  River.... 
Springs 

Settlement. 


Bishop . . . 
Imperial . , 

Susan  ville 


Ownership. 


I  Per  can-  | 

Methods  used    iin«!fiIjL,  Nature  of  sewerage 

?r"„  7l«r  svstem. 

tion  (gal- 
lons).   I 


j  for  purification 


Municipal ^  Sedimentation 

Sedimentation 
and     filtra- 
tion. 
None 


Imperi-il  Land, 
Water  and 
Power  Co. 

Lassen  Land. 
Water  and 
Power  Co. 


system. 


No  data.    Combined. 
75     None 


No  data.    Sanitary  —  septic 
tank. 


Ultanate 

disposal  of 

sewage. 


Sewer  bum. 


FEATURES  INFLUENCING  THE  QUALITY  OF  THE  SUR- 
FACE WATERS. 

The  amount  of  mineral  matter  in  natural  surface  waters  depends 
principally  on,  first,  the  nature  and  the  texture  of  the  geologic  for- 
mations with  which  the  water  comes  into  contact;  second,  climatic 
conditions;  and,  third,  amount  of  vegetation.  Other  factors,  among 
which  may  be  mentioned  distance  from  the  ocean,  affect  the  mineral 
content  to  a  less  degree. 

INFLUENCE  OF  GEOLOGIC  FORMATIONS. 

It  can  be  seen  from  study  of  the  table  on  page  127  that  the  rivers 
of  the  eastern  portion  of  the  State  receive  but  little  mineral  matter 
from  the  resistant  granite  formations  of  the  Sierra,  while  the  coastal 
rivers,  draining  areas  composed  in  large  part  of  loose  sedimentary 
deposits,  show  much  higher  mineral  content.  The  amount  of  mag- 
nesium does  not  vary  appreciably  with  difference  in  climatic  con- 
dition, hence  the  variation  in  percentage  composition  of  the  mineral 
residues  from  the  waters,  due  to  difference  in  geologic  formations,  is 
well  illustrated  by  this  constituent.  All  rivers  studied  whose  con- 
tent of  magnesium  was  above  6.5  per  cent  of  the  total  anhydrous 
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residue  flow  over  the  sedimentary  deposits  and  ferromagnesian  erup- 
tive rocks  of  the  coast  region. 

The  four  rivers  whose  magnesium  is  below  4  per  cent  flow  from 
granite  formations,  two  from  the  southern  portion  of  the  Sierra,  one 
from  the  San  Bernardino  Mountains,  and  one  from  the  Santa  Cruz 
Mountains.  The  lowest  magnesium  was  found  in  the  two  streams 
from  the  Sierra — Kern  and  Owens  rivers,  Owens  River  averaging 
slightly  less  than  Kern  River.  The  low  magnesium  content  in 
Santa  Ana  River  at  Corona  is  attributed  to  the  effect  of  using  the  water 
to  irrigate  soil  poorer  in  magnesium  than  the  formations  nearer  the 
headwaters.  The  percentage  of  magnesium  in  solution  at  Mentone 
before  the  water  is  drawn  out  for  irrigation  is  slightly  greater.  San 
Lorenzo  River  is  the  fourth  river  of  low  magnesium  content,  and 
like  Kern  and  Owens  rivers  owes  its  small  percentage  to  the  granite 
formations  over  which  it  flows  in  its  upper  course. 

Owing  to  other  and  greater  variations  in  mineral  content  in  the 
waters  of  California  it  is  not  proper  to  compare  percentage  compo- 
sitions in  stud3ang  silica  values.  A  comparison  of  absolute  quantities 
of  silica  present,  however,  indicates  a  relation  between  geologic 
structure  and  the  amount  of  silica  in  the  river  waters.  The  following 
table  shows  the  average  values,  in  parts  per  million,  of  silica  for  the 
rivers  studied.  The  rivers  are  arranged  in  order  of  geographic 
position,  from  north  to  south. 

Silica  {Si02)  in  California  rivers. 


I  Parts  per  million.] 


COASTAL  RIVERS. 


SIERRA  RIVERS. 


Russian 19 

Cache  Greek 16 

Alameda  Creek 19 

San  Lorenzo 23 

San  Benito 24 

Arroyo  Seco 26 

San  Antonio .37 

Nacimiento 25 

Eetrella 35 

Salinas 31 

Santa  Maria 24 

Santa  Ynez  (1906) 24 

Santa  Ynez  (1908) 22 

Ventura 23 

Malibu  Creek 36 

San  Gabriel,  Azusa 21 

San  Gabriel,  Rivera 23 

Santa  Ana,  Corona  31 

Santa  Ana,  Mentone  (1906). 16 

Santa  Ana,  Mentone  (1908) 25 

San  Luis  Rey 31 

Santa  Ysabel 44 

Cottonwood  Cre^kr . , , 44 


Feather jg 

Yuba 14 

American u 

Sacramento  (1906) 19 

Sacramento  (1908) 27 

Mokelumne 14 

San  Joaquin  (1906) ig 

San  Joaquin  (1908) 19 

Stanislaus 14 

Tuolumne n 

Merced 14 

Kern ig 

Owens,  Round  Valley 40 

Owens,  Charlies  Butte 43 
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The  silica  content  in  the  coastal  rivers  increases  with  considerable 
regularity  from  north  to  south,  slight  irregularities  being  occasioned 
by  some  high  values  in  the  Salinas  River  system  and  in  Malibu  Creek. 
This  tendency  to  a  regular  increase  is  not  noticeable  in  the  Sierra 
rivers,  in  which  the  amount  of  silica  varies  but  slightly,  except  in 
Owens  River,  on  the  southeast  side  of  the  Sierra,  which  has,  how- 
ever, a  silica  content  about  three  times  as  great  as  that  of  the  streams 
on  the  western  slope.  Near  the  coast  and  in  the  central  arid  regions 
the  influence  of  vegetation  is  overshadowed  by  the  greater  elTect 
of  geologic  conditions,  but  on  the  western  slope  of  the  Sierra  the 
effects  of  vegetation  mask  those  of  rock  composition.  The  rock 
formations  in  California  are,  broadly  speaking,  basic  in  the  northern 
portions,  increasing  in  acidity  toward  the  south.  North  of  San 
Francisco  Bay  the  basic  character  is  pronounced,  in  the  sedimentary 
rocks  of  the  Gabilan  Range  a  more  acidic  nature  is  manifest,  and  in 
the  mountains  of  the  southwest  comer  of  the  State  the  formations 
are  markedly  acidic.  A  slightly  more  basic  character  is  noticeable 
in  the  formations  of  the  valley  of  southern  California  and  of  its 
mountain  girdle  and  in  those  of  the  Santa  Ynez  Range.  The  table 
of  silica  values  shows  a  change  in  amount  of  silica  dissolved  in  the 
river  waters  for  each  corresponding  change  in  basicity  of  the  rock  for- 
mations and  the  analyses  of  the  **spot"  samples  scattered  through  the 
report  give  further  evidence  of  this  close  relation. 

INFLUENCE  OF  CLIMATIC  CONDmONS. 

CUmatic  conditions,  through  their  influence  on  the  quantity  of 
vegetation,  have  important  eifect  on  the  quality  of  water.  There  is 
no  distinct  division  between  regions  of  abundant  and  those  of  deficient 
rainfall  in  California,  and  for  purposes  of  comparison  an  arbitrary 
line  of  division  must  be  selected.  In  the  present  work  a  lower  limit 
of  15  inches  of  rainfall  annually  has  been  chosen  for  humid  regions, 
and  all  areas  showing  in  general  a  less  amount  have  been  classed  ^as 
semiarid,  because  it  appears  from  study  of  the  rainfall  map  of  Cali- 
fornia,^ that  those  regions  of  California  commonly  called  semiarid 
receive  average  annual  rainfalls  of  less  than  15  inches,  and  that  the 
maximum  for  such  areas  seldom  exceeds  that  figure.  The  average 
precipitation  for  each  catchment  area  was  then  roughly  determined 
from  the  rainfall  map,  particular  emphasis  being  placed  on  the  rainfall 
of  the  headwater  regions,  as  this  furnishes  the  greater  portion  of  the 
run-off  of  the  CaUfornia  streams.  The  rivers  were  thus  classified 
under  the  two  heads,  humid  and  semiarid. 

Although  the  classification  so  obtained  is  crude,  it  serves  to  indicate 
several  points  of  importance  regarding  rivers  in  California.  First,  the 
average  mineral  content  of  waters  in  semiarid  regions  is,  roughly,  four 

aMcAdle,  A.  G.,  Climatology  of  California,  U.  S.  Weather  Bureau  Bull.  L,  1903,  Cbwt  VIIL 

Digitized  by  VjOOQ IC 


FEATURES  INFLUENCING  THE  QUALITY.  129 

times  that  of  waters  in  humid  regions.  Second,  differences  in  per- 
centage composition  of  the  anhydrous  residues  show  that  the  waters 
in  semiarid  regions  contain  about  two-thirds  the  proportionate 
amount  of  silica^  less  calcium,  four-fifths  as  much  carbonates,  and 
twice  as  much  sulphates,  as  the  waters  of  the  humid  regions.  Other 
constituents  axe  similar  in  amount.  In  regions  of  abundant  rainfall 
disint^ration  of  rock  material  can  not  keep  pace  with  solution, 
erosion,  and  chemical  decomposition.  The  more  soluble  constituents 
of  the  rocks  are  rapidly  removed  as  they  become  exposed  to  the  action 
of  water,  and  their  total  amount  in  a  given  quantity  of  the  solvent 
water  is  seldom  great.  In  arid  or  semiarid  regions,  however,  chemical 
action  is  frequently  less  marked  than  physical  disintegration.  The 
soluble  materials  of  the  disintegrated  rock  masses  accumulate  through 
periods  of  drought,  allowing  the  water  from  subsequent  rainfalls  to 
take  into  solution  a  greater  relative  amount  than  is  found  in  waters 
from  the  more  humid  regions. 

In  the  waters  studi^d  the  average  amount  of  mineral  in  streams 
from  the  semiarid  regions  was  627  parts  per  million;  in  rivers  of  the 
humid  regions  it  was  165  parts  per  million.  The  greatest  average 
mineral  content,  2,412  parts  per  million,  occurred  in  Santa  Maria 
River,  which  flows  through  a  sandstone  country  receiving  barely  10 
inches  of  rain  a  year.  The  smallest  amount  of  mineral  matter  was 
found  in  Merced  River,  65  parts  per  million,  or  about  one-fortieth  of 
the  amount  for  Santa  Maria  River.  Merced  River  drains  a  granite 
country  receiving  in  its  upper  portions  over  45  inches  of  rain  annually. 
The  greatest  individual  determination  of  total  solids  was  in  water  of 
San  Lorenzo  Creek,  in  the  semiarid  SaUnas  Valley,  3,689  parts  per 
million  on  April  7,  1908.  The!  smallest,  30  parts  per  million,  was  in 
Mokelumne  River,  June  21  to  30,  1906,  when  that  river  was  receiving 
a  large  amount  of  water  from  the  melting  snows  on  the  Sierra  slopes, 
as  well  as  from  the  spring  rains. 

As  the  silica  content  is  apparently  unaflfected  by  the  amount  of  the 
other  dissolved  constituents,  it  may  be  expected  that  the  percentage 
of  silica  in  rivers  of  high  dissolved  solids  will  be  correspondingly  low. 
This  is  true  in  California  waters,  the  average  silica  for  the  humid- 
r^on  rivers  being  13.4  per  cent  and  for  the  semiarid-region  waters 
8.0  per  cent  of  the  total  mineral  matter  in  solution.  The  principal 
eflFect,  then,  of  climatic  condition  on  silica  content  is  a  negative  one 
and  it  is  apparently  due  merely  to  change  in  total  mineral  content. 

By  the  decay  of  the  abundant  organic  material  in  humid  regions 
carbonic  acid  is  set  free,  being  dissolved  in  the  surface  waters  or 
entering  the  air  as  carbon  dioxide.  This  carbonic  acid,  uniting  with 
the  carbonic  acid  of  the  alkaline-earth  carbonates,  produces  the 
bicarbonates  which  are  readily  dissolved,  so  that  surface  waters  in 
3555a-iRR  237—10 ^9 
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regions  of  abundant  rainfall,  carry  large  amounts  of  the  bicarbonate 
radicle  and  of  the  alkaline  earths.  In  regions  of  deficient  rainfall,  on 
the  other  hand,  carbonate  rocks  are  attacked  to  less  extent  and  the 
gypsum  and  alkaline  sulphates  that  are  present  are  brought  more 
largely  into  solution. 

In  considering  the  foregoing  conmients  on  the  mineral  constituents 
of  the  waters,  it  must  be  borne  in  mind  that  simple  conditions  do  not 
occur  in  any  of  the  regions,  but  that  the  eflfect  of  a  stated  geologic  or 
climatic  condition  may  be  completely  masked  by  that  of  another,  or 
may  be  increased  beyond  the  normal  by  that  of  still  another.  The 
effect  on  one  constituent  may  thus  be  so  clouded  by  changes  in 
others  as  to  be  indeterminate.  Geologic  conditions  vary  throughout 
the  State,  and  are  not  in  general  similar  for  the  arid  and  the  humid 
regions.  Gypsum,  for  example,  is  more  abundant  in  the  formations 
of  the  southern  part  of  the  State  than  in  the  northern  portions  or  in 
the  Sierra.  Some  rivers  also  show  certain  irregularities  not  due  to 
natural  causes,  as,  for  example,  Alameda  Creek,  the  water  of  which 
is  high  in  its  mineral  content  because  it  receives  an  abnormal  pro- 
portion of  ground  water  on  account  of  an  obstruction  to  subsurface 
flow  above  the  point  of  sampling.  Such  influences  must  be  considered 
before  any  general  conclusions  are  made. 

INFLUENCE  OF  DISTANCE  FROM  THE  OCEAN. 

Distance  from  the  sea  afl'ects  the  chlorine  content  of  river  waters 
by  reason  of  the  chlorine  in  finely  divided  salt  spray  that  is  carried 
inland  with  dust  particles  by  the  wind  and  precipitated  with  the  rain. 
Therefore,  within  the  limits  of  wind-carried  salt  the  nearer  a  stream 
is  to  the  sea  the  greater  its  chlorine  content  will  be.  In  the  north- 
eastern United  States  determinations  of  this  normal  chlorine  content 
have  been  made,^  and  such  estimates  have  been  valuable  in  sanitary 
studies  of  water  supplies.  In  California,  however,  in  most  of  the 
drainage  basins  studied,  the  chlorine  derived  from  the  atmosphere  is 
completely  masked  by  the  much  greater  amount  derived  from  saline 
deposits  and  from  other  chloride-bearing  rocks.  Therefore  it  is 
impracticable  to  locate  lines  of  equal  normal  chlorine  (isochlors)  from 
present  information  regarding  the  quality  of  the  waters. 

SUMMARY. 

The  average  mineral  content  of  the  37  rivers  studied  in  detail  is 
368  parts  per  million,  the  average  in  the  humid  regions  being  165 
parts  and  in  the  semiarid  regions  628  parts.  The  bicarbonate  radicle 
is  predominant  in  most  of  the  waters.  Its  place  is  taken  by  the  sul- 
phate radicle  in  the  water  from  the  regions  of  least  rainfall.     The 

a  Jackson,  D.  D.,  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  Eng- 
land: Water-Supply  Paper  U.  S.  Geol.  Survey  No.  144, 1905, 
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iTerage  amount  of  the  bicarbonate  radicle,  computed  as  normal 
c&rbonate,  is  27.3  per  cent  of  the  anhydrous  residue,  and  the  amount 
of  this  constituent  is  never  abnormally  high  as  compared  with  that 
found  in  surface  waters  of  other  sections  of  the  United  States;  but  in 
the  waters  of  the  more  arid  regions  its  relative  amount  sinks  into 
insignificance,  averaging  only  5.8  per  cent  in  Santa  Maria  River. 
The  sulphate  radicle  fluctuates  in  inverse  ratio  to  the  bicarbonate 
radicle.  It  forms  58.5  per  cent  of  the  residue  of  the  water  from  Santa 
Maria  River,  and  in  the  humid  regions  it  is  as  low  as  10.2  per  cent  in 
the  average  of  Santa  Ana  River  at  Mentone  in  1906.  In  examination 
of  the  *'spot"  samples,  the  lowest  carbonate  and  the  highest  sulphate 
percentages  were  found  in  the  same  stream,  Gaviota  Creek,  where 
carbonates  were  only  3.1  per  cent  and  sulphates  were  60.3  per  cent 
of  the  total  anhydrous  residue. 

ECONOMIC  VALUE  OF  THE  WATERS. 

The  foDowing  table  shows  the  average  values  of  the  waters  exam- 
ined with  reference  to  their  steaming  quaUties.  The  results  obtained 
also  serve  to  indicate  the  qualities  of  the  waters  for  many  other  pur- 
poses, and  may  be  assumed  to  indicate  the  economic  value  of  the 
waters.  The  properties  considered  are  the  tendency  to  foam,  to 
prime,  and  to  cause  corrosion,  the  amount  of  scale  deposited  by  the 
water,  and  the  nature  of  the  scale.  The  method  of  study  was  that 
outlined  by  Stabler,*  the  suspended  matter  not  being  considered,  it 
being  assumed  that  this  would  be  settled  or  filtered  out  if  the  water 
were  to  be  put  to  industrial  use.  The  values  are  averages  for  the 
period  of  examination,  and  figures  are  not  given. 

Under  foaming  the  following  classification  was  employed:  Non- 
foaming  indicates  that  the  water  could  be  used  for  one  week  or  more 
in  a  locomotive  boiler  without  foaming;  semifoaming,  that  it  could 
be  used  for  two  days  to  one  week  under  the  same  conditions  without 
foaming;  and  foaming,  that  it  would  cause  foaming  in  less  than  two 
days.  Similarly,  classification  of  the  corrosive  tendency  is  made  as 
noncorrosive  when  there  was  no  chemical  evidence  that  corrosion  of 
metals  might  occur;  semicorrosive  when  certain  conditions  of  its  use 
might  cause  corrosion;  and  corrosive  if  a  positive  tendency  to  produce 
corrosion  existed.  Under  scale,  if  not  over  1  pound  of  scale  would 
be  deposited  for  each  1,000  gallons  used,  the  water  is  classed  as  giving 
very  little  scale ;  if  between  1  and  2  pounds  of  scale  would  be  depos- 
ited per  1,000  gallons,  the  water  is  classed  as  producing  little  scale; 
if  between  2  and  4  pounds  of  scale  would  result  from  its  use,  the  water 
K  classed  as  giving  much  scale;  and  if  over  4  pounds  of  scale  would 

*St&bkr,  Hennan,  The  mineral  analysis  of  water  for  industrial  purposes  and  its  Interpretation  by  the 
^OftOMt:  Eng.  News,  vol.  60, 1906,  p.  356. 
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deposit  on  the  use  of  1,000  gallons  of  the  water  it  is  classed  as  depK>sit- 
ing  very  much  scale.  The  nature  of  the  scale  is  described  as  soft, 
medium,  or  hard,  according  to  the  ratio  of  the  hard  scale  to  total 
scale  formed,  soft  scale  containing  not  over  one-quarter  of  the  total 
as  hard  scale,  medium  scale,  not  over  one-half  or  under  one-quarter, 
and  hard  scale  not  under  one-half  of  the  total  scale  as  hard  scale. 

The  indiutrial  values  of  California  surface  waters. 


Stream. 


Priming 


Semifoaming. . 
Nonfoaming... 
Semifoaming.. 
do 


A  lameda  C  reek 

American  River 

Arroyo  Seco 

Cache  Creek 

Cottonwood  Creek do 

Estrella  River I  Foaming 

Feather  River I  Nonfoaming... 

Kern  River : do 

Halibu  Creek Semlfoaming. . 

Merced  River Nonfoaming. . . 

Mokelumne  River , do 

Naclmiento  River Semlfoaming. . 

Owens  River,  Charlies  Butte ' do 

Owens  River,  Rotmd  Valley do 

Russian  River I  Nonfoaming... 

Sacramento  River,  1906 ' do 

Sacramento  River,  1908 do 

Semlfoaming. . 
...do 

Foaming 

Nonfoaming... 

do 

Semlfoaming. . 

do 

do 

....do 

do 

Nonfoaming... 

do 

Foaming 

Semlfoaming.. 

do 

do 

Nonfoaming... 

do 

Semlfoaming.. 

Nonfoaming... 


Salinas  River. 

San  Antonio  River 

San  Benito  River 

San  Gabriel  River,  Azusa 

San  Gabriel  River,  Rivera 

San  Joaquin  River,  1906 

San  Joaquin  River,  1908 

San  Lorento  River 

San  Luis  Rey  River 

Santa  Ana  River,  Corona 

Santa  Ana  River,  Mentone,  1906. 
Santa  Ana  River,  Mentone,  1908. 

Santa  Maria  River 

Santa  Ynet  River,  1906 

Santa  Ynex  River,  1908 

Santa  Ysabel  Creek 

Stanislaus  River 

Tuolumne  River 

Ventura  River 

Yuba  River 


Corrosion. 


Semicorrosive. 

do 

Noncorroslve.. 

....do 

do. 


Semicorrosive. 
....do 


....do 

do 

do 

do 

do 

Noncorroslve.. 

...do 

Semicorrosive. 

do 

do 

do 

do 

do 

Noncorroslve.. 

do 

Semicorrosive. 

do 

do 

do 

Noncorroslve.. 
Semicorrosive. 
Noncorroslve.. 

C-orroslve 

Semicorrosive. 

do 

do 

do 

do 

do 

do 


Scale. 


Nature 
of  scale. 


Much '  Medium. 

Very  little do.... 

Little do.... 

Very  little...;  Hard... 

Much ,  Medium. 

do Hard... 

Very  little...  Medium 

do do 

Much Hard 

Very  little...  Medium. 

do 

Little 

do 

Much 

Very  little... 

do 

do 

Much 

Uttle 

Much 

LltUe 

do 

Very  Uttle... 

do 

Uttle 

do 

Much 

Very  Uttle... 

do 

Very  much. 

Much 

do 

Little 

Very  Uttle... 

do 

Much . . 
VeryUtUe... 


..do 

Hard... 
Medium 
Hard... 
Medium. 

...do 

...do 

Hard 
Medium. 

...do 

Soft 

...do 

Hard 

...do 

Medium 

...do.... 

Soft.... 

...do.... 

Medium. 

Hard... 

...do.... 

...do 

Medium 

...do 

...do 

Hard 
Medium. 


Nature  of 

drainage 

basin. 


Humid. 

Do. 
Semiarid. 
Humid. 
Semiarid. 

Do. 
Humid. 

Do. 
Semiarid. 
Humid. 

Do. 
Semiarid. 

Do. 

Do. 
Humid. 

Do. 

Do. 
Semiarid. 

Do. 

Do. 
Humid. 

Do. 

Do. 

Do. 

Do. 
Semiarid. 
Humid. 

Do. 

Do. 
Semiarid. 

Do. 

Do. 

Do. 
Humid. 

Do. 
Semiarid. 
Humid. 


It  is  apparent  from  this  classification  that  the  surface  waters  of 
California  are  in  general  hard ;  that  none  of  the  semiarid  region  waters 
are  of  excellent  quality  for  industrial  purposes;  that  the  Sierra  rivers 
have  a  tendency  to  produce  a  small  amount  of  hard  scale  in  boilers; 
that  the  number  of  nonfoaming  waters  is  small,  but  that  the  number 
of  waters  bad  in  this  respect  is  less  in  the  humid  than  in  the  semiarid 
region ;  and  that  the  softest  and  best  waters  for  steaming  purposes  are 
those  in  the  orange  belt  of  southern  California. 

The  waters  from  the  Gabilan  and  Diablo  ranges  and  from  Santa 
Maria  River  are  classed  as  foaming.  The  Santa  Maria  furnishes  the 
sole  example  of  a  corrosive  water,  though  others,  notably  Estrella 
River,  show  strong  tendency  to  cause  corrosion  under  certain  circum- 
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OwBDS  River  between  Boiind  Valley  and  Charlies  Butte  shows  a 
change  from  a  poor  water  depositing  much  hard  scale  in  boilers  to  a 
fir  better  water  producing  but  little  medium  scale.  This  is  the 
result  of  inflow  of  softer,  less  strongly  mineralized  water  between  the 
points  of  collection. 

The  marked  differences  in  the  quantity  of  mineral  matter  in  the 
waters,  from  analysis  to  analysis,  and  in  the  averages  for  each  of  the 
two  years,  where  work  was  done  in  both  1906  and  1908,  show  how 
important  it  is  for  the  engineer  or  chemist  to  have  data  covering  a 
long  period  of  time  before  he  can  correctly  determine  the  most  suit- 
able means  of  treating  these  waters  for  industrial  use.  Analyses 
made  from  single  samples  of  any  of  the  rivers  studied  would  have 
giren  decidedly  erroneous  ideas  of  the  quality  of  the  water  and  the 
limits  of  mineral  content  which  it  might  be  expected  to  reach. 

SUMMARIES. 

In  conclusion  are  presented  three  tables  giving  in  sunmiary  form 
the  results  of  the  analyses  recorded  in  this  report. 
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THE  PUBLIC  UTILITY  OF  WATER  POWERS  AND  THEIR 
GOVERNMENTAL  REGULATION. 


CHAPTER  I. 
INTEODUCTION. 


3y  M.  O.  Leighton. 


This  paper  is  published  to  show  how  the  French  and  the  Swiss 
Bepublies  and  the  Kingdom  of  Italy  are  treating  a  grave  problem  in 
their  political  economy — ^the  problem  of  water  power.  The  people 
of  the  United  States  are  facing  the  same  problem,  although,  except  in 
a  few  notable  localities,  they  have  not  begun  to  apply  any  method 
of  serious  treatment.  The  problem  has  grown  well-nigh  to  maturity 
within  ten  years,  and  few  have  been  aware.  Had  the  country  foreseen 
what  has  come  to  pass  its  treatment  would  have  been  easy.  In  its 
early  years  the  issue  might  have  been  easily  guided ;  now  it  will  domi- 
nate a  great  controversy.  The  final  result  is  not  in  question,  but  in 
the  contest  that  must  take  place  it  will  be  wise  to  observe  the  nature 
and  the  drift  of  measures  adopted  by  older  countries  and  to  learn  all 
that  may  be  helpful  of  their  methods  and  acts.  In  this  contest  the 
following  paper  by  M.  Rene  Tavernier,  the  distinguished  chief  engi- 
neer of  the  department  of  public  works  (ponts  et  chaussees)  of  the 
Republic  of  France,  must  be  of  value  to  the  American  people.  As  the 
delegate  of  his  country  to  the  Sixteenth  National  Irrigation  Congress, 
convened  at  Albuquerque,  N.  Mex.,  in  August,  1908,  he  presented  a 
discussion  of  the  subject  of  hydraulic  power  and  irrigation  which 
revealed  so  broad  a  conception  of  fundamental  principles,  and  espe- 
cially of  the  relation  of  the  subject  to  national  economy,  that  he  was 
urged  to  increase  the  scope  of  his  discussion  to  cover  the  subject- 
matter  herein. 

One  of  the  striking  features  of  the  French  discussion  here  and 
elsewhere  is  the  apparent  appreciation  by  all  who  have  participated 
in  public  discussion  of  the  fact  that  the  problem  has  two  sides.  Cor- 
porate abuses — past,  present,  and  prospective — are  recognized,  and 
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the  need  for  remedial  legislation  is  practically  undisputed.  On  the 
other  hand,  it  is  admitted,  even  by  the  most  zealous  advocate  of  gov- 
ernmental intervention,  that  correction  does  not  mean  repression. 
Hydro-electric  properties  have  not,  as  a  class,  returned  to  the  investor 
a  succession  of  swollen  dividends.  The  industry  has  hardly  passed 
its  experimental  stages.  Its  securities  are  by  no  means  the  least  pre- 
carious of  those  on  sale  in  the  exchanges.  This  does  not  mean  that 
such  investments  involve  any  special  risk  that  is  not  presented,  either 
in  kind  or  equivalent,  by  other  standard  "  industrials."  Any  project 
of  the  hydro-electric  industry  is  profitable  or  unprofitable  according 
as  the  expense  of  development  and  maintenance  and  the  demand 
and  supply  are  favorable  or  otherwise.  The  industry  is  subject 
to  the  same  exigencies  as  are  other  industries,  and,  except  in  a 
few  cases,  notwithstanding  the  testimony  of  many  popular  magazine 
articles,  it  bears  no  resemblance  to  Aladdin^s  lamp  as  a  revenue  pro- 
ducer. No  industry  will  respond  more  readily  to  ill-advised  and  op- 
pressive legislation;  in  none  must  the  burden  fall  more  directly  on 
the  ultimate  consumer.  Any  hydro-electric  project  requires  special 
consideration  during  the  early  years  of  its  development ;  a  surpris- 
ingly large  number  either  fail  to  pay  dividends  or  become  banlanipt 
during  the  first  decade  of  their  existence. 

Notwithstanding  the  above  statements,  there  is  a  real  menace  in 
the  present  situation,  which  holds  many  problems  that  are  difficult  of 
solution.  Certain  consolidations  of  water-power  interests  have  taken 
place  during  the  last  few  years,  and  these,  with  the  appearance 
of  the  names  of  a  few  persons  among  the  officers  or  in  the  directorate 
of  a  large  number  of  companies  operating  water-power  plants,  mak- 
ing new  installations,  or  manufacturing  or  marketing  water  power  or 
electric  machinery,  point  unmistakably  to  a  concentration  of  owner- 
ship and  administration  in  several  groups  which,  in  the  usual  course 
of  events,  might  consolidate  or  at  least  effect  a  community  of  agree- 
ment. The  menace  in  the  prospect  lies  not  so  much  in  this  probability 
as  in  the  ability  of  such  a  combination  to  manipulate  unrighteously 
the  public  interest.  The  menace  is  therefore  speculative,  but  this  fact 
does  not  obviate  the  necessity  for  legislation.  The  nation  and  the 
State  are  accustomed  to  legislate  against  speculative  crimes  and 
abuses,  because  experience  shows  that  in  the  present  state  of  society 
mankind  is  yet  frail.  What,  then,  should  be  the  legislation  necessary 
to  meet  the  present  conditions? 

Consolidation  is  inevitable.  Water  power  is  a  natural  monopoly 
by  reason  of  the  natural  laws  of  stream  flow.  Man  can  not  change 
these  laws,  and  his  only  course  is  wisely  to  adapt  himself  to  them 
so  that  they  may  not  operate  to  his  disadvantage.  The  electric 
transmission  of  power  developed  on  water  wheels  has  changed  the 
entire  industrial  aspect  of  the  matter.    When  a  water  power  was 
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used  at  the  site  and  its  industrial  development  was  limited  to 
its  capacity  there,  no  reason  existed  for  consolidation;  now  the 
site  of  a  water-power  plant  is  not  likely  to  be  its  field  of  opera- 
tion; its  power  is  distributed  over  a  large  area.  In  this  large  area 
there  is  a  common  demand  for  power,  and  the  market  constitutes  an 
administrative  unit.  The  demand  of  the  region  is  a  demand  in  the 
aggregate.  The  power  on  any  stream  fluctuates  with  the  seasons. 
The  important  power  demands  are  those  which  require  a  certain 
^eady  supply  and  a  large  reserve  for  extraordinary  demands  or 
**peak  loads."  As  the  demand  increases  with  the  development  of 
industry  the  task  of  supplying  it  from  one  fluctuating  stream  grows 
more  difficult.  The  energy  developed  on  several  sites  or  on  several 
breams  must  then  be  transmitted  to  supply  the  market.  With  a  still 
continued  increase  in  demand,  more  sites  and  streams  must  be  brought 
into  use.  In  th^  final  analysis,  therefore,  all  sources  of  power  avail- 
able for  a  particular  field  of  demand  must  be  brought  under  a 
common  administration,  so  that  at  any  time  the  energy  can  be 
turned  hither  and  yon  to  meet  the  requirements  of  each  hour.  It 
follows  that  legislation  prohibiting  power  monopoly  must  not  prevent 
power  consolidation  lest  it  injuriously  affect  industrial  development. 
There  is  no  virtue  in  preventing  consolidation  if  economies  in  main- 
tenance and  operation  are  thereby  prevented.  No  one  will  deny  that 
water-power  consolidation  secures  distinct  and  unusual  economies,  and 
if  the  consumer  receives  the  benefit  therefrom  he  is  better  off  under 
consolidation.  These  are  oft-stated  and  self-evident  truths;  there- 
fore the  proper  solution  of  the  problem  must  lie  in  the  legislative 
regulation  of  water-power  development  and  maintenance,  to  the  end 
that  the  consimier  shall  pay  a  fair  and  reasonable  price  for  power, 
consistent  with  the  production  of  fair  and  reasonable  earnings  on  the 
capital  invested. 

Up  to  the  time  of  long-distance  transmission  of  electricity  a  water 
power  was  an  essentially  local  agent  of  production.  The  energy 
derived  from  the  falling  water  was  transmitted  by  belt  and  shaft  to 
the  near-by  machinery  which  consumed  it.  Obviously,  the  field  of 
operation  was  so  localized  that  the  plant  was,  to  all  intents  and  pur- 
poses, a  private  affair.  Long-distance  transmission  of  electricity 
made  water  power  a  public  utility  in  every  sense  of  the  term.  It 
entered  a  public  market  and  became  a  common  source  of  mechanical 
Qiergy.  A  public  utility  is  an  enterprise  in  which  there  exists  a 
public  use.  Although  this  term  has  never  been  strictly  defined  in  a 
^ay  that  is  applicable  to  all  times  and  cases,  the  legal  principle  is 
^ell  established.  Mr.  Justice  CJooley,  in  defining  a  public  use,  as  the 
term  is  applied  in  the  law  of  eminent  domain,  said : 

The  reason  of  the  case  and  the  settled  practice  of  every  government  must  be 
oir  gnlde  In  determining  what  is  or  Is  not  to  be  regarded  as  a  public  use,  and 
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It  can  only  be  considered  such  where  the  jgovemment  is  supplying  Its  own  needs 
or  is  furnishing  facilities  for  its  citizens  in  regard  to  those  matters  of  public 
necessity,  convenience,  or  welfare  which,  on  account  of  their  peculiar  character 
and  the  difficulty  of  making  provision  for  them  otherwise,  are  proper,  useful, 
and  needful  for  the  government  to  regulate. 

This  definition  may  suffice  for  the  statement  of  principle.  It  im- 
plies that  the  public,  in  its  sovereign  capacity,  retains  the  right  of 
regulation  and  control  in  a  greater  or  less  degree  over  the  exercise 
of  any  function  of  public  consequence.  When  private  property,  or 
the  use  thereof,  becomes  a  public  necessity,  or  when  the  owner 
thereof  devotes  it  to  a  use  in  which  the  public  has  an  interest, 
he,  in  effect,  grants  to  the  public  an  interest  and  must  therefore 
submit  to  control  by  the  public  for  the  common  good  to  the  ex- 
tent  of  the  interest  he  has  thus  created.  Moreover,  a  public  utility 
is  absolutely  defined  by  the  controlling  conditions  of  the  times.  That 
which  is  juris  privati  to-day  may  be  a  public  utility  to-morrow.  The 
term  must  readily  adapt  itself  to  new  demands  and  conditions  im- 
posed by  the  ever-increasing  necessities  of  society. 

WTien  the  principle  above  indicated  is  applied  to  water  pcwer 
under  electric  transmission,  it  will  be  seen  that  the  conditions  are 
satisfactorily  met.  Mechanical  energy  is  one  of  the  prime  neces- 
sities of  a  productive  people,  and  transmitted  energy,  distributed  over 
an  area,  must,  in  the  nature  of  things,  dominate  the  situation.  It  be- 
comes a  public  necessity,  and  when  the  power  is  devoted  to  such  use 
the  public  acquires  an  interest  therein,  just  as  it  acquires  an  interest 
in  a  railroad  that,  passing  through  any  section  of  the  country,  be- 
comes an  agent  of  transportation,  which  is  but  another  factor  of  trade 
and  economic  progress.  It  will  not  be  contended  that  facilities  for 
production  are  any  less  important  to  public  interest  than  facilities 
for  transportation.  Viewed  from  every  angle,  the  public  economy 
in  these  two  factors  is  identical  in  principle.  One  water  power  or 
a  chain  of  powers  may,  under  electric  transmission,  become  the  seat  of 
productive  energy  over  an  area  of  500  or  600  square  miles,  and  this 
area  will  progressively  increase  with  increase  in  the  efficiency  of  elec- 
tric transmission.  Therefore  present  conditions  of  economic  demand 
on  such  a  source  of  power  have  by  no  means  reached  their  limit, 
although  the  principle  itself  may  be  fully  established. 

The  important  point  in  connection  with  all  this  is  that,  whereas 
the  appreciation  of  the  people  concerning  public  utility  with  respect 
to  transportation  facilities  has  been  reflected  in  appropriate  legis- 
lative acts,  the  public-utility  features  with  reference  to  productive 
energy  from  water  power  are  not  realized,  except  in  a  few  localities. 
It  is  true  that  for  many  years  a  water  power  from  which  energy  is 
sold  to  mills  has,  under  interpretations  of  the  courts,  been  considered 
a  public  utility,  but  the  principle  was  so  limited  in  its  application  that, 
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previous  to  electric  transmission,  it  did  not  impress  the  people  at 
l&rge  with  its  real  significance. 

We  are  now  facing  the  mature  condition,  and  our  legislative  pro- 
granune  with  reference  to  it  is,  in  the  majority  of  States,  not  even 
begun.  So  far  as  the  attitude  of  the  people  is  concerned,  as  repre- 
sented in  their  legislative  acts,  water  powers  are  on  the  same  basis 
that  they  were  years  ago.  The  condition  is  equivalent  to  that  which 
would  prevail  if  our  laws  respecting  transportation  were  still  of  the 
same  scope  that  they  were  previous  to  the  development  of  the  steam 
railway.  In  addition  to  lack  of  law  there  are  in  some  places  consti- 
tutional limitations,  and  these  are  the  greatest  impediments  to  the 
inauguration  of  appropriate  policies.  Such  is  the  conservatism  of 
the  people  with  reference  to  the  change  of  the  Constitution  that  a 
prog;ressive  demand  must  be  apparent  for  a  considerable  period  before 
a  change  is  made  that  will  apply  to  new  conditions.  Such  con- 
servatism is,  of  course,  far  preferable  to  an  extreme  tendency  in  the 
opposite  direction,  but^  inasmuch  as  a  constitution  is  fundamental 
law,  it  can  hardly  be  considered  praiseworthy  to  adhere  to  such  law 
when  the  conditions  on  which  it*was  originally  based  are  so  changed 
that  a  new  field  is  presented.  All  this  has  been  recognized  in  some 
European  countries  and  in  a  few  of  the  States  of  the  Union,  but 
the  real  significance  of  the  present  situation  has  not  yet  become  a 
matter  of  common  knowledge. 

The  disadvantages  arising  from  our  present  unpreparedness  to  meet 
the  new  questions  involved  in  power  development  and  its  regulation 
are  not  entirely  internal.  We  might  postpone  action  for  several 
years  without  doing  more  actual  damage  to  ourselves  than  to  encour- 
age monopolistic  tendencies  were  it  not  for  the  fact  that  there  is  a 
matter  of  foreign  competition,  as  is  clearly  implied  in  the  following 
paper.  This  paper  shows  that  the  development  of  water  power  has 
become  a  national  question  in  France  as  well  as  in  Italy  and  in 
Switzerland.  In  those  countries  there  has  arisen  a  national  policy 
of  regulation  and  encouragement  which  will  ultimately  draw  great 
industries  within  their  borders.  The  United  States  now  main- 
tains an  industrial  leadership  that  can  not  be  retained  if  other 
countries  pursue  policies  that  more  strongly  attract  manufactur- 
ing enterprises.  The  menace  to  American  industrial  leadership 
is  already  on  the  horizon.  The  water-power  sites  of  Europe  are 
situated  close  to  the  great  markets  of  the  world.  Is  there  any- 
one in  the  United  States  so  confident  of  this  country's  industrial 
leadership  as  to  assert  that  the  wholesale  development  of  these 
large  and  cheap  powers  will  not  seriously  affect  our  status?  Trade 
and  production  are  entirely  cosmopolitan.  The  cheapest  sources  of 
energy  will  be  used,  without  reference  to  any  particular  flag,  if  they 
are  located  in  a  region  convenient  to  market.    This  nation  has  now 
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no  water-power  policy  worthy  of  the  name.  The  President  has 
recognized  this  defect,  and  in  a  special  message  to  Congress  on  the 
conservation  of  natural  resources,  transmitted  January  14,  1910,  has 
advocated  a  comprehensive  measure  to  meet  the  situation.  Unless 
this  or  a  similar  proposal  is  adopted  the  United  States  must  give 
way  to  those  countries  which  have  .well-defined  policies. 

In  many  parts  of  the  United  States  the  price  of  coal  is  high  and 
water  power  can  be  developed  with  comparative  cheapness,  so  that 
a  low  rental  price  of  power  will  yield  a  fair  profit.    The  equitable 
way  to  maintain  such  powers  is  to  charge  only  such  rental  as  will 
pay  a  reasonable  profit.     But  this  policy  is  not  always  adopted. 
The  tendency  is  to  regulate  the  price  of  water  power  by  the  cost  of 
steam  power.     If,  for  example,  the  rental  of  water  power  at  $25  i>er 
horsepower  year  will  furnish  a  satisfactory  margin  of  profit,  and 
the  cost  of  steam-power  production  is  $100,  then  the  price  of  water 
power  is  fixed  not  at  $25,  but  at  a  point  nearer  $100.    In  this  way  the 
water  power  will  be  a  trifle  cheaper  to  the  consumer  than  steam 
power,  and  therefore  the  former  will  control  the  market.    This  is 
obviously  an  extreme  case.    The  margin  between  the  cost  of  the  two 
kinds  of  power  is  not  usually  so  wide.    The  statement  does,  however, 
illustrate  a  common  practice.    Such  an  arrangement  obviously  does 
not  afford  to  the  community  the  real  saving  that  should  result  from 
water-power  development.    An  industrial  power  consumer  will  in- 
evitably compare  the  results  of  such  a  system  with  the  prices  and 
conditions  that  prevail  in  foreign  countries.    This  is  a  mere  matter 
of  wise  business  management.     If,  in  looking  over  the  ground,  the 
consumer  finds  that  under  the  laws  of  France  or  Switzerland  he  can 
obtain  his  power  at  the  $25  rate  or  its  equivalent,  he  is  not  going  to 
locate  in  a  part  of  the  United  States  where  it  is  worth  only  the  $25 
rate  but  where,  by  reason  of  the  differential  on  steam  power,  it  is 
raised  nearly  to  the  limit  at  which  steam  power  can  be  produced. 
Of  course  other  factors  than  power  costs  influence  the  location  of 
any  manufacturing  plant,  but  this  does  not  justify  the  imposition 
of  a  handicap  on  the  United  States  in  the  shape  of  unrestrained  or 
unregulated  power  charges. 

The  above  statements  are  intended  to  suggest  in  a  superficial 
way  that  in  this  matter  of  power  development  the  adjustment  of 
questions  in  dispute  does  not  merely  involve  an  extended  squabble 
among  ourselves.  The  question  has  a  higher  significance,  namely, 
that  of  the  productive  leadership  of  the  United  States.  In  the  face 
of  the  activity  of  European  countries,  concerning  which  no  secret 
is  made,  there  can  hardly  be  any  excuse  for  the  postponement  of 
rational  and  legal  measures  by  this  country.  The  discussion  submit- 
ted by  M.  Tavernier  in  the  following  pages  should  not  be  regarded 
simply  as  an  interesting  dissertation  on  water  powers  and  their  rela- 
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tion  to  political  economy,  but  rather  as  a  lesson  from  the  experience 
of  another  enlightened  country  and  a  warning  that  measures  at  least 
as  foresighted  and  progressive  must  be  adopted  by  the  States  and  the 
nation. 

M.  Tavemierhas  selected  certain  extracts  from  reports  previously 
made  by  himself ;  also  certain  reports  of  conwnissions  of  the  Chamber 
of  Deputies,  in  which  are  presented  and  discussed  sundry  legislative 
proposals.  All  of  this  is  supplemented  by  a  presentation  of  various 
laws  enacted  by  certain  States  of  the  Union  and  a  general  intro- 
ductory discussion  of  the  popular  and  legislative  status  of  water 
power  in  the  United  States,  which  has  been  prepared  by  the  coauthor. 
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CHAPTER  II. 
HYDEAULIC  POWER  AND  IRRIGATION. 


By  Rene  Tavernier. 


GENERAL  STATEMENT. 

It  was  little  more  than  thirty  years -ago,  shortly  before  the  well- 
known  experiments  of  Desprez  concerning  the  electric  transmission 
of  power,  that  French  engineers  began  to  perceive  the  use  that  could 
be  made  of  the  power  of  flowing  water.  A  hydraulic  power  plant, 
operated  by  a  waterfall  500  meters  (1,640  feet)  in  height,  built  by 
M.  Berges  for  the  use  of  his  paper  mill  in  the  Isere  Valley  near  Gre- 
noble, drew  attention  to  the  large  number  of  similar  industrial  oppor- 
tunities throughout  the  French  Alps. 

The  example  of  M.  Berges  found  a  number  of  imitators.  Between 
1880  and  1890  several  manufacturers  in  the  valleys  of  Arc  and 
Romanche  rivers  made  use  of  the  streams  and  falls  of  that  region  for 
electro-metallurgical  and  electro-chemical  purposes.  The  first  great 
hydraulic  plant  designed  to  produce  power  for  public  distribution 
was  erected  in  the  period  between  1888  and  1898  on  Rhone  River 
above  Lyons,  at  the  town  of  Jouage.  By  the  year  1900  such  plants 
had  become  so  numerous  as  to  call  for  a  governmental  investigation 
of  their  possible  effects  on  the  future  work  of  certain  branch.es  of  the 
public  administration,  particularly  that  of  the  division  of  irrigation. 

On  August  12,  1899,  the  writer  prepared  a  report  containing  de- 
tailed information  concerning  the  exploitation  of  this  new  variety  of 
wealth,  which  in  France  has  been  somewhat  metaphorically  called 
"  white  coal  " — ^"  la  houille  blanche  " — and  the  means  by  whidi  public 
service  enterprises  using  hydro-electric  power,  as  well  as  those  con- 
cerns whose  operation  is  affected  by  the  diverting  or  damming  of 
streams,  may  be  enabled  to  participate  in  this  exploitation  and  derive 
profit  from  it.*' 

Among  the  enterprises  that  simply  consume  hydro-electric  motive 
power  should  first  be  mentioned  the  great  railway  systems,  which  in 
France,  as  every  one  knows,  are  leased  by  the  State  to  private  corpo- 

•  Les  forces  bydraullques  des  Alpes  en  France,  en  Italie,  en  Suisse  ;■  statistlque — mode 
d'utilization — I^slatlon :  Rapport  de  mission  de  M.  Ren4  Tavernier,  Ing^nieur  cd  chef  des 
ponU  et  cbanss^s  ( Annates  des  Fonts  et  Cbauss^s,  1900).     (See  pp.  37-73.) 
12 
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rations  and  which  revert  to  the  State  at  the  expiration  of  the  leases ; 
among  those  whose  development  and  prosperity  are  even  more  directly 
affected  by  the  production  and  utilization  of  hydraulic  power  are 
navigation  (confined  to  navigable  streams)  and  irrigation  (extend- 
ing to  all  streams). 

This  paper,  written  entirely  with  regard  to  the  interests  and  needs 
of  agriculture,  is  intended  to  emphasize  the  close  interdependence  of 
irrigation  plants — particularly  their  future  expansion  and  utiliza- 
tion— ^and  the  industrial  employment  of  hydraulic  power.  Its  state- 
ments apply  especially  to  France  and  are  probably  not  sufficiently 
general  in  character  to  be  applicable  without  modification  to  all  other 
countries.  France  is  densely  populated,  and  a  relatively  large  num- 
ber of  her  inhabitants  own  the  farms  that  they  cultivate  or  the  shops 
or  businesses  that  they  manage.  Neither  manufacturing  nor  agri- 
cultiu-e  is  there  conducted  on  so  large  a  scale  as  in  America,  nor  does 
either  play  a  predominant  part  in  any  one  section  of  the  country,  as 
in  the  United  States,  where  some  of  the  separate  States  are  mainly 
agricultural  and  others  mainly  industrial.  In  almost  every  portion 
of  France  agriculture  and  manufactures  are  distributed  almost  evenly 
and  play  parts  of  about  equal  prominence.** 

This  problem  of  the  more  satisfactory  utilization  of  streams,  which 
is  bound  to  arise  sooner  or  later  nearly  everywhere,  presents  peculiar 
difficulties  in  France  because  of  the  entanglement  of  economic  inter- 
ests and  the  conflict  of  legal  privileges  which  are  involved.  Few 
streams  are  serviceable  for  only  one  purpose.  Since  time  im- 
memorial the  right  to  use  even  little  brooks  and  creeks  has  been  a 
matter  of  dispute  between  individuals;  and  now  that  the  larger 
streams  have  suddenly  acquired  very  considerable  economic  im- 
portance the  conflict  of  interests  is  more  vital.  In  seeking  the 
better  utilization  of  streams  it  is  often  necessary  to  defend  the 
future  needs  of  agriculture,  which  provides  a  livelihood  for  a  large 
population  without  enriching  those  who  are  engaged  in  it,  against 
the  encroachments  of  manufacturing  plants  whose  exclusive  purpose 
is  the  earning  of  large  profits. 

We  shall  consider,  first,  the  relations  between  hydraulic  power  pro- 
duction and  soil  irrigation ;  and  then  discuss  the  investigations  made 
by  the  French  ministry  of  agriculture,  as  well  as  the  measures  which 
it  has  already  taken  or  proposes  to  take  in  this  connection. 

INFLUENCE  OF  INDUSTRIAL  UTILIZATION  OF  HTDRAU- 
LIC  POWER  ON  DEVELOPMENT  OF  IRRIGATION. 

The  proper  discussion  of  the  question  indicated  by  the  above 
heading  requires  the  consideration  of  the  following  three  topics: 

•Similar  conditionfl  are  approaching  or  are  already  fixed  in  many  parts  of  the  United 
States.    It  is  the  natural  consequence  of  age,  opportunity,  and  development. — ^M.  O.  L. 
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(1)  The  methods  of  irrigation  employed  in  France;  (2)  the  economic 
features  that  are  peculiar  to  hydraulic  power  enterprises;  and  (3)  the 
relations  between  these  two  sorts  of  enterprises,  including  the  mutual 
help  that  they  can  render  under  certain  circumstances  and  the  harm 
which,  under  other  circumstances,  they  are  apt  to  inflict  upon  each 
other. 

FBENCH  IBJtIOATION  METHODS. 

A  lengthy  exposition  of  this  subject  may  be  dispensed  with  by 
referring  the  investigator  to  the  following  works: 

Barrel :  Les  irrigations  dans  les  Bouches-dn-RhOne. 

Barral:  Les  irrigations  dans  Vaucluse. 

Barral :  Les  irrigations  dans  la  Haute- Vienne. 

Annales  de  la  directions  de  Thydraulique  et  des  ameliorations  agricoles 
(parts  26  to  34). 

Reports  of  the  International  Congress  of  Engineers  at  St.  Louis,  Mo., 
U.  S.  A.,  irrigation  section.     (In  English.) 

M.  L4vy-Salvador :  Irrigation  and  hydraulic  motors  used  in  irrigation  in 
France. 

Prevost,  M.,  Ing^nieur  an  minlst^re  des  colonies :  Rapport  sur  les  Irriga- 
tions aux  colonies. 

Alimentation  artiflcielle  de  la  riviere  de  Neste. 

Note  sur  le  service  de  Thydraulique  et  des  ameliorations  agricoles. 

Map,  on  a  scale  of  1  to  5,000,  of  the  basin  of  Durance  River  and  Its 
tributaries. 

Particular  attention  is  directed  to  the  short  article  on  irrigation  by 
M.  L^vy- Salvador,  which  has  been  translated  into  English «  and 
which  gives  the  reader  a  general  idea  of  the  various  methods  used 
in  different  parts  of  France.  As  agronomic  questions  will  not  here 
be  discussed,  but  attention  will  be  devoted  exclusively  to  the  mechan- 
ical or  engineering  aspects  of  irrigation,  the  means  by  which  water 
is  carried  to  the  soil  to  be  irrigated,  it  may  be  stated,  in  agreement 
with  M.  L^vy- Salvador,  that  two  methods  have  always  been  in  vogue. 
With  the  first  method  surface  water  or  underground  water  is  pumped 
at  the  point  where  it  is  to  be  utilized ;  with  the  second  it  is  led  through 
gravity  canals  and  ditches  from  some  point  at  a  distance,  where  the 
level  is  sufficiently  high,  to  the  place  where  it  is  to  be  used.  Each 
of  these  methods  has  heretofore  had  its  own  peculiar  advantages 
under  given  circumstances.  Pumping  has  been  used  especially  for 
private  small-scale  irrigation,  where  small  volumes  of  water  were 
used  separately  and  pumped  to  relatively  low  altitudes;  but  the 
method  of  diverting  the  requisite  water  has  always  been  regarded  as 
a  more  economical  way  to  provide  large  quantities  of  water  for  the 
irrigation  of  groups  of  farms  collectively. 

But  the  purely  mechanical  superiority  of  the  diversion  method  was 
conjoined  with  a  commercial  inferiority  which  explains  the  financial 

•Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  pt.  C,  1905,  pp.  111-128. 


Digitized  by  VjOOQIC 


HYDRAULIC  POWER  AND  IRRIGATION.  15 

failure  of  the  newest  large  irrigation  plants.  This  commercial  infe- 
riority was  due  to  various  causes  which,  in  the  last  analysis,  all  had 
a  common  origin  in  the  fact  that  the  small  farmers  interested  in  the 
collective  enterprises  were  very  numerous  and  possessed  extremely 
scanty  financial  means.  In  France,  as  in  some  other  countries,  the 
demand  was  not  for  an  irrigation  system  adapted  to  the  needs  and 
resources  of  a  small  number  of  large  landed  proprietors  who  could 
easily  be  persuaded  to  combine  themselves  in  a  venture  of  financial 
magnitude  or  who  cultivate  a  virgin  soil  which  is  apt  to  increase 
sufficiently  in  value  to  yield  large  profits  to  the  promoters.  The 
numerous  landowners  whose  farms  require  irrigation  must  be  led  to 
unite  and  they  must  pledge  themselves  for  a  long  period — forty  years 
or  more — in  order  to  insure  the  continued  operation  of  the  irrigation 
plant.  In  spite  of  very  large  subsidies  (often  amounting  to  half  the 
cost)  granted  by  the  French  ministry  of  agriculture,  disasters  of  two 
kinds  have  arisen. 

1.  Landowners  who  have  subscribed — ill-advisedly — for  the  water- 
ing of  a  relatively  large  acreage  have  been  unable  to  earn  any  profits, 
because  of  the  poor  quality  of  the  soil,  the  great  distance  from  the 
market,  or  the  insufficiency  of  their  capital.  For  it  should  be 
noted  that  the  change  from  arid  soil  and  extensive  methods  of 
farming  to  irrigated  soil  and  intensive  methods  involves  not 
only  the  expense  of  irrigation  itself,  but  also  the  oftentimes  heavy 
burden  of  altering  methods,  new  implements,  and  a  different  man- 
agement. The  farmer  who  can  not  meet  these  demands  and  ad- 
heres to  the  old  methods  of  cultivation  finds  that  the  water  which  he 
has  so  dearly  bought  does  not  result  in  a  sufficient  increase  in  the ' 
value  of  his  crops.** 

2.  The  owners  of  the  plant  find  unfulfilled,  as  a  result  of  the  same 
circumstances,  their  own  reasonable  hopes  for  expanding  demand  for 
irrigation  and  hence  increasing  profits. 

'The  disappointment  of  some  of  the  early  subscribers  to  the  enter- 
prise also  dissuades  possible  new  ones.  Even  the  method  of  selling 
the  water,  namely,  by  requiring  the  purchaser  to  pledge  himself 
for  a  long  period  and  for  a  certain  number  of  acres,  without  the 
possibility  of  subsequent  modification,  is  altogether  unbusiness-like. 
Intensive  farming,  like  most  other  occupations,  is  subject  to  shifting 
and  fluctuation  and  does  not  permit  rigid  calculations  made  in 
advance  for  long  periods  of  time.  Some  farmers  would  be  willing 
to  try  an  experiment,  but  would  not  dare  to  bind  themselves  for  a 
term  of  years.'' 

'Tbe  usual  prices,  varying  from  40  to  60  francs  per  hectare  per  annum  (about  $3  to  |4 
per  acre  per  annum),  entitle  tbe  purchaser  to  a  quantity  of  water  equivalent  to  a  flow 
of  1  liter  (0.035  cubic  foot)  per  second,  furnishing  a  depth  of  6  centimeters  (2.4  inches) 
erery  week  for  six  months  of  the  year. 

*Thc  similarity  of  difficulties  In  connection  with  cooperative  enterprises  in  the  arid 
Wdt  of  the  United  States  is  worthy  of  remark. — M.  O.  L, 
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It  is  easy  to  understand,  moreover,  that  in  time  these  difficulties 
will  probably  disappear.  Landowners  learn  to  make  good  use  of 
the  water,  and  those  who  do  not  at  first  possess  sufficient  means  or 
knowledge  acquire  them  gradually,  or  their  places  are  taken  by 
others  who  are  more  resourceful.  Furthermore,  numerous  farmers' 
unions  and  cooperative  associations  interested  in  the  social  reform 
movements  now  so  active  in  France  have  provided  groups  of  asso- 
ciated farmers  with  all  the  resources  formerly  enjoyed  only  by  large 
landowners. 

Finall}',  the  department  of  agriculture,  by  means  of  a  newly- 
created  service — "  the  agricultural  improvements  service,"  comple- 
mentary to  the  hydraulic  service — is  itself  endeavoring  to  aid  irri- 
gators to  the  best  possible  utilization  of  water.* 

Many  of  the  older  irrigation  plants  have  reduced  their  charges 
and  better  adapted  themselves  to  local  conditions,  thus,  in  the  long 
run,  bringing  about  fortunate  transformations  and  spreading  pros- 
perity in  the  regions  where  they  are  located.  It  would  be  wrong, 
therefore,  to  conclude  that  because  some  of  the  large  systems  of  irri- 
gation canals  recently  built  in  the  valleys  of  the  Rhone  and  the 
Durance  were  financial  failures  irrigation  does  not  constitute  in 
the  south  of  France,  or  in  countries  presenting  similar  climatic 
conditions,  a  most  efficient  means  of  increasing  agricultural  pro- 
ductivity. 

But  it  is  equally  comprehensible — and  this  is  the  main  point  of 
the  foregoing  remarks — that  the  ministry  of  agriculture  hesitates 
to  subsidize  new  irrigation  enterprises  while  those  most  recently 
•completed  have  not  yet  produced  the  results  which  were  anticipated; 
and  that  the  Government  prefers  to  seek  some  solution  which  shall 
offer,  among  other  advantages,  that  of  not  involving  large  expendi- 
tures made  too  long  before  the  time  when  they  can  become  profitable. 

In  the  following  paragraphs  we  shall  consider  to  what  extent  the 
results  of  the  utilization  for  productive  purposes  of  the  so-call^ 
"  white  coal "  will  retard  or  facilitate  the  discovery  of  a  solution. 

♦ 

ECONOMIC   NATURE   OF   BXTSINESS   ENTEBPBISES   EMPLOYINa 
HYDBAULIC  POWEB. 

Up  to  the  end  of  the  last  century  small  hydraulic  plants  and  water 
mills,  which  were  very  numerous  in  France,  employed  only  a  small 
fraction  of  the  total  water  power  of  the  country.  In  1890,  according 
to  the  statistics  of  the  department  of  agricultural  hydraulics,  these 
concerns  numbered  00.020  for  the  whole  of  France,  with  a  gross  pro- 
ductivity of  1,028,807  horsepower,  equivalent,  because  of  the  smaU 
yield  of  very  imperfect  appliances,  to  an  effective  horsepower  of  only 

»  See  bulletin  entitled  "  Review  of  the  work  of  the  bureau  of  hydraulics  and  agrlcol- 
tural  Improvements,"  a  translation  of  which  appears  herein  (pp.  1)3-107). 
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one-third  that  amount.  The  awage  productivity  of  each  mill  or 
plant  was  14  horsepower  gross  and  5  horsepower  net.  These  small 
plants,  wh^n  erected  upon  streams  well  supplied  with  water,  generally 
used  only  a  fractional  part  of  the  available  power  and  water  and  left 
the  remainder  available  for  other  purposes,  such  as  irrigation.  But 
this  is  not  the  case  with  large  modern  power  installations,  where  a 
single  plant  gathers  up  several  thousand  horsepower.  In  the  region 
of  the  French  Alps  alone — which,  to  be  sure,  is  best  provided  with  hy- 
draulic power — ^there  are  90  plants  producing  a  total  maximum  of 
325,000  horsepower,  measured  at  the  turbine  axle,  or  an  average  of 
3,600  horsepower  for  each  concern. 

The  report  of  the  writer,  referred  to  on  page  12,  contains  numerous 
facts  concerning  the  cost  of  first  establishment  and  of  maintenance 
and  operation  and  methods  of  utilization  of  large  modern  water- 
power  plants.    Since  that  report  was  written  (in  August,  1899),  the 
'*  white  coal "  industry  has  made  rapid  progress.     But  the  broad 
features  of  its  evolution  are  marked  in  the  schedule  prepared  more 
than  ten  years  ago.    Some  modifications  should,  however,  be  made 
therein.    As  the  laws  authorizing  expropriation  have  not  yet  been  put 
to  a  vote,  the  riparian  owners  and  intermediaries  of  all  classes,  having 
come  to  a  greater  realization  of  the  value  of  water  powers,  have  raised 
their  prices  to  a  considerable  degree.    The  sum  of  100  francs  ($20) 
per  horsepower,  taken  in  1899  as  representing  the  total  expense  of 
first  installation  of  water-power  works,  is  to-day  in  some  places  en- 
tirely absorbed  in  the  mere  acquisition  of  riparian  rights. 
•     Another  feature  in  the  progress  made  during  ten  years  in  the 
method  of  utilizing  large  water-power  plants  is  indicated  by  the 
large  power^distribution  enterprises.     Such  enterprises,  employing 
the  technical  inventions  that  continue  to  extend  the  practical  limits 
of  long-distance  transmission,  have  sprung  up  in  various  parts  of 
France  in  which  water  powers  are  located — principally  in  the  south- 
east, in  the  region  of  the  Alps,  and  in  the  southwest,  in  the  region  of 
the  Pyrenees — just  as,  during  the  past  ten  years,  the  large  railway 
systems  have  grown  by  combinations  and  successive  extensions.     The 
analogy  between  these  two  economic  phenomena  is  striking. 

To  make  the  large  railroad  companies  respect  the  principle  of 
equality  in  treatment  of  the  people,  to  safeguard  industrial  and 
commercial  liberty,  has  been  the  universal  endeavor,  and  the  value 
of  the  results  has  varied  with  the  efficacy  of  the  precautions  adopted. 
The  experience  acquired  in  the  past  in  the  exploitation  of  railroads 
must  be  applied  to  the  better  organization  of  the  public  services  for 
power  distribution. 

The  new  tendency  is  to  build,  at  the  very  start,  a  series  of  canals 
that  will  divert  the  entire  low-water  flow  of  the  streams.  Many  of 
the  large  plants  are  fitted  up  not  only  for  operating  with  the  mini* 
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mum  flow  that  can  be  counted  on  at  all  times  of  the  year,  but  also 
for  using  the  average  flow  such  as  may  be  reckoned  on  more  or  less 
irregularly  during  only  eight,  six,  or  even  fewer  months  of  the  year. 

It  is  evident  that  such  an  elaborate  undertaking — sometimes  called 
a  "  complete  "  plant — is  likely  to  jeopardize  the  development  of 
irrigation  unless  some  precaution  is  exercised.  Of  course  existing 
provisions  for  irrigation  are  not  interfered  with.  There  is  even  a 
disposition  to  allow  a  certain  ''  margin/'  which  takes  into  account  the 
probable  demands  of  the  future,  based  on  the  needs  of  the  past.  But 
when  new  irrigation  enterprises  are  projected  after  such  "  complete  " 
power  plants  have  been  built  they  are  apt  to  come  into  conflict  with 
vested  privileges  upon  which  it  is  impossible  to  encroach  without 
indemnification. 

It  is  true  that  hydraulic  plants  do  not  actually  use  up  the  water 
itself,  which  is  always  available  for  application  to  the  soil  after  it 
has  passed  through  the  wheels.     They  do  not  interfere  with  the  use  of 
the  water  for  irrigation  below  the  point  of  exit.    They  prevent  its 
use  above  that  point.    They  consume  the  fall  necessary  to  carry  the 
water  to  the  fields  lying  at  altitudes  between  the  upper  and  lower 
levels  of  the  power  plant.     Hence  the  erection  of  one  of  these  ^'  com- 
plete "  or  integral  power  plants  amounts  simply  to  appropriating  the 
impetus  of  the  stream,  which  also  constitutes,  so  to  speak,  the  "  energy  '' 
necessary  for  watering  the  soils  that  might  benefit  by  irrigation.     It 
may  be  more  profitable  for  all  parties — as  we  shall  attempt  to  show 
later — to  resort  to  the  system  of  storing  up  this  "  energy  "  rather 
than  to  that  of  storing  up  water  taken  at  the  upper  level  of  the  fall.  • 
But  before  considering  this  question  we  must  clearly  grasp  the  dis- 
similar economic  characteristics  of  the  various  types  of  hydraulic 
plants — characteristics  that  depend  upon  such  circumstances  as  the 
altitude  of  the  fall,  the  volume  of  water  and  its  fluctuations,  whether 
the  stream  is  tapped  by  a  channel  at  a  higher  level  or  the  water 
dammed  at  the  point  of  use,  and  whether  it  is  possible  to  accumulate 
the  flow  and  to  regulate  the  plant  without  loss  of  water  but  in  accord- 
ance with  the  demands  of  its  customers. 

In  France  the  productivity  in  horsepower  of  a  hydraulic  plant 
is  calculated  by  means  of  the  following  very  simple  formula: 
P=HXQX10,  in  which  H  is  the  height  of  the  fall  in  meters  and  Q 
the  discharge  in  cubic  meters  per  second.  This  gives  us  the  gross 
productivity  in  horsepower,  each  of  100  kilogram-meters  «  per  second, 
which  corresponds  at  the  turbine  axle — assuming  a  net  yield  of  75 
per  cent — to  a  horsepower  of  75  kilogram-meters  per  second. 

But  the  industrial  value  of  a  power  plant  is  not  measured  solely 
by  its  power  thus  calculated.  In  the  first  place,  the  formula  is  in- 
applicable to  a  plant  using,  in  addition  to  a  permanent  minimum  flow 

«  This  is  the  FreDch  horsepower,  equiyalent  to  1.32  British  horsepower. — M.  O.  L. 
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of  water,  a  certain  average  intermittent  volume.  An  irregular  power 
is  manifestly  not  equivalent  to  a  uniform  power,  when  the  irregular- 
ity is  independent  of  the  requirements  of  consumption  and  is  gov- 
erned solely  by  fluctuations  in  the  condition  of  the  stream.  On  the 
other  hand,  if  a  plant  is  equipped  with  facilities  for  storing  up  the 
natural  flow  of  the  stream  for  a  time  at  a  higher  level  in  order  to 
make  use  of  it  at  the  periods  of  maximum  consumption,  irregularity 
in  the  production  of  energy  becomes  subject  to  control  and  constitutes  a 
source  of  large  additional  gain.  It  should  be  remarked,  moreover, 
that  these  profit-creating  reservoirs  are  much  more  effective  and 
economical  with  high  than  with  low  head  plants.  Compare,  in  this 
respect,  two  hydraulic  plants  of  10,000  horsepower  each,  one  receiv- 
ing a  flow  of  71  cubic  feet  (2  cubic  meters)  per  second,  with  a  fall 
of  1,640  feet  (500  meters),  and  the  other  a  flow  of  7,100  cubic  feet 
(200  cubic  meters)  per  second,  with  a  fall  of  16.4  feet  (5  meters). 
A  reservoir  of  2,542,600  cubic  feet  or  about  58  acre-feet  (72,000  cubic 
meters)  would  suffice,  in  the  first  case,  to  store  up  the  total  discharge 
of  ten  hours,  enabling  that  plant  to  vary  its  production  sufficiently 
to  provide  for  the  widest  fluctuations  in  the  daily  demand.  In  the 
second  case  a  reservoir  100  times  as  large — that  is,  with  a  capacity 
of  254,260,000  cubic  feet  or  about  5,800  acre- feet  (7,200,000  cubic 
meters) — would  be  needed  to  obtain  the  same  results.  High  falls 
therefore  admit  much  more  readily  than  low  falls  of  being  so 
equipped  as  to  produce  power  at  the  precise  time  of  the  day  when 
it  is  wanted.  But  they  may  play  an  even  more  important  part. 
Imagine  a  poorly  fed  basin  in  a  mountainous  region  receiving  during 
the  year  by  irregular  discharges  a  total  volume  of  water  equaling  a 
regular  and  uninterrupted  flow  of  3.5  cubic  feet  (100  liters)  per 
second.  With  a  reservoir  having  a  capacity  of  88,794,000  cubic  feet 
or  about  1,902  acre- feet  (2,372,840  cubic  meters)  the  water  could  be 
stored  during  nine  months  in  order  to  let  it  flow  during  the  remain- 
ing three  months.  If  the  height  of  the  fall  is  1,()40  feet  (500  meters) , 
the  creation  of  this  reservoir  would  mean  substituting  for  an  average 
force  of  500  horsepower,  that  is  altogether  useless  because  of  irreg- 
ularity of  the  flow,  an  additional  force  of  2,000  horsepower  that  is 
extremely  valuable  because  it  may  be  used  at  the  very  season  when  it 
is  needed.  Here  we  have  a  ''  seasonal "  regularity,  which  not  only 
enables  us-  to  meet  varying  seasonal  demands,  like  those  of  agricul- 
ture or  of  the  distribution  of  electric  light,  but  which  also  makes  it 
possible,  whenever  several  plants  are  concurrently  engaged  in  fur- 
nishing power  for  one  distributing  concern,  to  come  to  the  aid  of  those 
plants  whose  productivity  is  intermittent  and  not  subject  to  such 
regulation. 

In  short,  it  will  readily  be  seen  that  the  industrial  value  of  a  large 
hydraulic  plant  does  not  depend  solely  on  the  maximum  amount  of 
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power  that  may  be  produced,  but  differs  considerably  as  the  power 
is  produced  permanently  and  regularly  or  intermittently,  and  also 
according  to  the  extent  and  nature  of  the  irregularity.    Unavoidable 
and  unforeseen  irregularities  in  power  production,  due  to  the  effect 
of  changes  of  wind  and  weather  on  the  condition  of  rivers,  cause  an. 
enormous  diminution  in  the  industrial  value  of  a  hydraulic  plant- 
But  when  the  production  of  power  is  subject  to  such  regulation  and 
control  as  is  made  possible  by  reserve  supplies  of  water,  fluctuations 
in  production  may  be  made  to  coincide  with  fluctuations  in  demand. 

The  various  systems  of  producing  hydro-electric  power  having  been, 
characterized,  a  word  should  now  be  said  as  to  the  nature  of  the 
market.    Thus  considered,  hydraulic  plants  may  be  divided  into,  two 
very  distinct  groups — (1)   isolated  plants  built  in  connection  with, 
various  sorts  of  industrial  enterprises,  such  as  electro-metallurgical 
or  electro-chemical  manufactures,  and  adapted  to  the  permanent  or 
variable  needs  of  productivity  of  the  enterprises  concerned;  such 
plants,  sufficient  unto  themselves,  are  essentially  private  and  nothing 
need  be  said  of  them  except  that  they  are  chiefly  found  in  mountain- 
ous regions;  (2)  plants  that  supply  power  for  one  or  more  enter- 
prises and  are  designed  to  furnish  the  public  with  motive  energy. 
These  plants  are  of  interest  here  because  economy  requires  that  the 
various  uses  of  the  motive  power  thus  distributed  should  include  a 
sufficient  provision  for  pumping  water  for  irrigation. 

The  hydro-electric  power  supplied  by  such  plants  will  be  in  demand 
by  many  kinds  of  consumers  with  exceedingly  varied  needs.  For 
illumination  the  motive  power  is  needed  at  certain  definite  times  and 
during  a  limited  period  of  two  or  three  hours  on  an  average  day.« 

The  power  needed  by  motors  used  in  manufacturing  concerns  is 
required  for  periods  as  long  as  the  workday  of  the  laborers.  The  de- 
mands for  traction  depend  on  the  time-tables  of  the  railway  com- 
panies or  of  the  street-car  companies.  All  these  enterprises,  which 
are  rather  irregular  and  capricious  in  the  need  of  power,  neverthe- 
less require  that  power  at  certain  very  specific  times.  It  is  natural 
that  the  price  which  must  be  paid  should  be  proportionate  to  the 
specific  demands,  and  this,  as  a  matter  of  fact,  is  the  practice  in  * 
France,  as  is  shown  by  the  following  table  of  rates  customary  in 
France : 

Cost  per  kilowatt-hour. 

For   ninmlnation 50  to  80  centimes  (10-16  cents). 

For  small  quantities  of  20  to  50 
horsepower 9  to  20  centimes     (2-4    cents). 

For  larper  amount  of  power 
transmitted  some  distance 4  to    6  centimes    (8-12   mills). 

For  power  furnished  at  the  busi- 
ness place  itself 1  to    3  centimes     (2-0    mills). 

"  This  evidently  refers  to  the  **  peak  load  "  for  lighting. — M.  O.  L. 
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The  organization  of  large  corporations  for  the  public  sale  and  dis- 
tribution of  power  furnished  by  hydraulic  plants  is  sufficiently  ad- 
vanced in  certain  parts  of  France,  such  as  the  southeastern  region, 
to  indicate  the  essential  tendency  of  such  concerns,  which  is  to  bring 
together  into  a  systematic  unit,  by  means  of  electrical  connection,  all 
the  power-producing  plants  and  all  the  consumers  of  power  in  a 
given  section  of  the  country. 

A  consolidation  of  this  sort  is  being  effected  between  Nice  and 
Montpellier  by  the  Soci^te  de  I'energie  ^lectrique  du  littoral  M^diter- 
raneen.    A  similar  monopolistic  tendency  is  drawing  together  the 
central  steam-power  plants,  which  have  been  established  in  the  cities 
by  the  street-car  compapies,  or  the  older  electric-light  plants,  which 
are  still  maintained  to  serve  as  emergency  stations  to  help  out  the 
hydraulic  plants  at  times  of  accident  or  unusual  demands  for  power. 
It  frequently  happens  that  steam  plants  are  operated  a  few  hours 
daily  to  furnish  a  sufficient  margin  of  power  to  insure  against  possi- 
ble shortages  tht-ough  unusual  demands  (peak  loads).    But  the  part 
played  by  such  emergency  steam  plants  will  diminish  to  the  extent 
that  the  flow  of  streams  is  made  more  regular  through  the  use  of  res- 
ervoirs and  the  erection  of  "  regulating  "  hydraulic  plants. 

A  concern  which  thus  monopolizes,  throughout  a  vast  region,  all 
the  different  varieties  of  hydraulic  energy,  correcting  the  weak  fea- 
tures of  each  variety  by  means  of  systematic  organization  and  con- 
trol, engrossing  the  entire  market  for  power,  and  regulating  the  total 
production  by  virtue  of  the  simple  fact  that  the  demand  is  ever  be- 
coming  greater  and  more  varied,  possesses  such  great  economic  and 
commercial  advantages  that  no  independent  concern  is  in  a  position 
to  furnish  power  for  any  special  purpose  at  a  lower  price. 

The  various  uses  which  we  have  enumerated,  with  the  exception 
of  electro-metallurgical  manufactures  (which  are  able  to  make  good 
and  complete  use  of  a  great  hydraulic  power  plant),  can  nof  be 
economically  provided  with  power  by  the  separate  concerns  them- 
selves. A  hydraulic  power  plant  built  for  the  special  purpose  of 
illumination  or  traction  is  necessarily  imperfectly  and  only  partially 
utilized,  because  the  unused  residues  of  power  are  apt  to  be  con- 
siderable. 

Undoubtedly  the  rational  "trustification"  of  the  distribution  of 
hydro-electric  power  has  thus  far  been  confined  to  southeastern 
France.  But,  inasmuch  as  irrigation  is  most  advanced  and  best 
developed  in  that  region,  and  inasmuch  as  the  same  evolution  is 
likely  to  take  place  elsewhere,  it  is  interesting  to  inquire  what  care 
may  be  taken  under  such  circumstances  to  safeguard  and  foster  the 
reasonable  needs  of  agriculture,  and  under  what  concfttions  hydro- 
electric power  may  be  equitably  utilized  to  pump  water  for  irriga- 
tion as  well  as  for  the  other  uses  required  by  the  public. 
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USE   OF   HYDKAXXLIC   PLANTS   IN   THE   DEVELOPMENT   OF 

IBBIOATION. 

Pending  the  discovery  of  new  methods  of  bringing  water  for  pur- 
poses of  irrigation  to  the  places  where  it  is  needed,  it  woold  be 
absurd  to  condemn  the  old  methods  and  to  insist  unduly  upon  the  gen- 
eral application  of  the  methods  about  to  be  described.  Many  isolated 
and  independent  irrigation  enterprises  will  undoubtedly  continue  to 
be  justified;  but,  while  the  industrial  utilization  of  streams  is  made 
on  a  large  scale,  as  on  Durance  River  and  its  tributaries,  it  is  ques- 
tionable whether  the  separateness  of  irrigation  enterprises  does  not 
constitute  a  source  of  weakness  and  a  hindrance,  and  whether  a  possi- 
ble antagonism  of  interests  in  the  future  might  not  be  avoided  by- 
bringing  together  several  systems  for  utilizing  the  streams. 

From  purely  mechanical  considerations,  it  may  at  first  seem  sur- 
prising that  there  should  be  an  advantage  in  employing  expensive 
mechanical  devices,  such  as  turbines  and  dynamos,  whose  use  results 
in  considerable  loss  of  energy,  rather  than  in  continuing  the  exclusive 
use  of  gravitation.  But  a  little  reflection  suffices  to  justify  this  con- 
clusion as  to  the  relative  merits  of  the  two  systems. 

We  must  first  of  all  eliminate  from  the  discussion  the  objection  of 
"  lost  energy."  Without  carrying  the  comparison  very  far,  it  is  easy 
to  estimate  a  priori  the  loss  of  energy  involved  in  the  usual  system  of 
irrigating  by  diverting  streams — losses  which  are  due  to  the  excessive 
slope  of  small  trenches,  and,  above  all,  to  the  fact  that  the  large  ac- 
cumulating channels  carry  all  the  water  to  the  highest  level  of  the 
area  to  be  irrigated,  without  the  possibility,  as  a  rule,  of  diverting 
any  considerable  portion  of  the  propulsive  power  of  the  water  that 
is  employed  at  lower  levels. 

By  the  use  of  separate  pumps,  each  of  which  raises  to  the  neces- 
sary level  the  water  needed  for  irrigating  at  that  particular  level, 
the  greater  part  of  this  loss  of  energy  may  be  avoided.  Moreover, 
very  considerable  losses  of  water  caused  by  the  long  main  channels 
may  be  avoided  by  a  series  of  separate  pumping  stations."  Finally, 
whether  it  is  utilized  or  not,  the  maximum  volume  of  water  flowing 
into  a  large  irrigation  trench  should  always  be  available.  Under 
the  system  of  pumping  stations  the  quantity  of  water  brought  to  a 
given  level  corresponds  exactly  to  the  requirements  of  the  consumers. 
Without  doubt,  in  the  gravity  system  of  conducting  the  water  the 
total  waste  of  water  or  of  power  does  not  greatly  exceed  the  mechan- 
ical loss  due  to  electric  transformation  and  to  the  transmission  of 
power  made  necessary  by  the  pumping  process. 

« The  Bourne  channel  furnishes  a  typical  example  of  the  magnitude  of  these  losses 
of  water,  which,  in  this  instance,  exceeds  half  the  enUre  volume  that  Is  diverted  into 
the  channel. 
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From  considerations  of  original  expenditure  and  trouble  of  mainte- 
nance, the  complexity  of  mechanical  and  electric  installations,  com- 
pared with  the  simplicity  of  a  channel  which  accomplishes  this  work 
by  means  of  its  slope,  would  constitute  a  marked  disadvantage  in 
the  new  process  if  we  were  simply  comparing  ^two  isolated  and 
autonomous  enterprises;  but  our  hypothesis  assumes  that  in  pump- 
ing we  have  to  do  with  a  large  enterprise  for  producing  and  dis- 
tributing hydro-electric  energy  and  furnishing  water  for  a  large 
number  of  irrigation  areas  as  well  as  other  public  and  private  uses. 

Isolated  irrigation  plants  in  this  way  escape  the  difficulties  con- 
nected with  the  production  and  transmission  of  power;  they  receive 
for  a  fixed  price  the  power  required  to  carry  the  water  to  the  desired 
level;  and  the  financial  superiority  of  the  pumping  station  is  thus 
due  to  the  fact  that  the  annual  expense  of  the  station,  added  to  the 
cost  of  maintenance  and  keeping  the  plant  in  repair,  is  lower  than 
the  annual  cost  of  constructing  and  maintaining  the  main  channel 
in  the  system  of  diverting  streams. 

The  following  figures  will  give  some  idea  of  the  height  to  which 
water  may  be  pumped  without  greater  costs  than  those  usually 
incurred  in  agriculture: 

Watering  2.471  acres  (1  hectare)  of  land  with  a  volume  of  water 
equaling  a  continuous  discharge  of  0.035  cubic  foot  (1  liter)  per 
second  for  six  months  will  mean,  if  the  water  is  raised  39.37  inches  (1 
meter)  a  power  in  pumped  water  of  yji^  horsepower  throughout  the 
year,  or  of  42.98  kilowatt-hours.  If  the  total  yield  of  the  pumping 
station  is  60  per  cent,  including  dynamo,  pump,  and  pipes,  the  annual 
consumption  of  power  will  be  71.6  kilowatt-hours,  and  the  cost,  at  a 
rate  of  ^  cent  (1  centime)  per  kilowatt-hour  will  be  14  cents  (71.6 
centimes) .  If  the  price  per  kilowatt-hour  is  X  centimes  and  the  ele- 
vation N  meters,  the  annual  expenses  for  pumping  the  water  neces- 
sary to  irrigate  a  hectare,  according  to  the  formula  0.716  XN,  will 
be  as  follows : 

Co«f,  in  francs^  of  pumping  water  nrcessai'p  for  irrigating  1  hectare  (1  liter 

per  second). 


Height 
(meten). 

•    Coat  when  price  of  kilowatt  hour,  in 
francs,  is— 

0.01 

0.02 

0.03 

0.04 

0.05 

10 

7.16 
14.32 
21.48 
28.64 
35.80 

14.32 
28.64 
42.96 
57.28 
71.60 

21.48 
42.96 
64.44 
85.92 
107.40 

28.64 
57.28 
85.92 
114.56 
143.20 

36.80 
71.70 
107.40 
143.20 
179.00 

20 

80 

40 

50 
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These  figures  may  be  compared  with  the  cost  per  liter  per  second 
diverted  by  some  of  the  great  irrigation  canals  in  southeastern 
France : 

Coftt  per  liter  per  second  {equivalent  to  watering  1  hectare)  of  water  from  canut« 
«  in  southeastern  France, 


Canal. 


Capital 
value 

of  first 
plant. 


AxmtULl 

interest 

at  5  per 

cent. 


Franci. 

Marseille 5,000 

Verdon 8,500 

Manosque 2,000 

The  Bourne !       1, 600 

Pierrelatte |       1,150 


/Vonrat. 
250 
175 
100 

80 

57.  &» 


Even  when  reduced  to  this  definite  basis,  the  comparison  is  rather 
difficult  to  make  and  is  subject  to  some  variation.  For  the  pumping 
stations  one  may  employ  either  a  continuous  supply  of  power  fur- 
nished at  the  average  price  charged  by  the  distributing  plant  or  the 
residues  of  power  provided  intermittently  at  lower  prices. 

Irrigation  plants  may,  in  fact,  prove  less  exacting  than  lighting 
or  traction  plants  as  regards  the  period  and  the  duration  of  power 
consumption.  They  may  either  utilize  regularly  and  fully  the  power 
produced  continuously  by  the  hydraulic  plant,  or  utilize  only  for 
certain  hours  daily  the  residues  which  are  available  in  every  plant 
that  furnishes  power  to  be  distributed  to  a  considerable  number  of 
different  concerns. 

Intermittent  pumping,  compared  with  continuous  pumping,  in- 
volves certain  supplementary  costs  and  expenses  of  maintenance. 
The  capacity  of  the  pumps  themselves  must  be  augmented  as  well  as 
that  of  the  main  trenches.  Moreover,  unless  reservoirs  are  built  along 
the  distributing  trenches  the  soil  can  be  watered  only  at  certain  times, 
determined  by  the  times  when  the  residues  of  power  are  available. 
These  costs  and  difficulties  must  be  compared  with  the  saving  effected 
by  the  reduction  in  the  price  of  power.  It  would  surely  be  equitable 
to  insist  on  a  considerable  reduction  in  price  for  residues  of  power 
for  which  no  other  use  than  pumping  can  be  found.  Two  consider- 
ations, however,  may  stand  in  the  way  of  such  a  reduction.  It  may 
happen  that  the  amount  of  these  residues  is  diminished  by  the  steam- 
power  plants  that  provide  power  in  cases  of  emergency.  We  have 
pointed  out  that  this  is  true  in  the  large  power-distributing  plant  that 
supplies  the  southeastern  part  of  France.  It  may  also  be  urged  that 
the  furnishing  of  power  for  irrigation  during  a  period  limited  to 
six  months  or  less  per  annum  involves  leaving,  during  the  remaining 
six  months,  additional  residues  of  power  very  difficult  of  disposal. 
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The  devices  to  be  adopted  to  obviate  these  difficulties  and  to  enable 
pumping  stations  to  obtain  their  power  at  the  lowest  possible  prices 
depend  on  conditions  peculiar  to  each  particular  plant  and  region. 
Thus,  for  example,  where  streams  are  fed  by  melting  snow  and 
glaciers,  as  in  the  valley  of  the  Durance,  it  is  possible  to  obtain  a 
greater  supply  of  power  at  the  very  season  when  the  demands  of 
irrigation  require  it.  The  warmth  that  fosters  vegetation  also  causes 
an  abundance  of  water  in  glacier-fed  streams.  This  fortunate  co- 
incidence is  perfectly  satisfactory  at  the  beginning  of  the  irrigation 
period  but  does  not  always  last  to  the  end.  There  is  often  a  shortage 
in  September  in  the  valley  of  the  lower  Durance.  The  construction 
of  large  reservoirs,  the  possibility  of  which  is  now  being  investigated, 
will  prevent  shortages  and  at  the  same  time  insure  regularity  in  the 
production  of  hydro-electric  power. 

In  the  writer's  opinion,  the  chief  advantage  of  a  system  of  pump- 
ing by  hydro-electric  power  is  that  the  energy  may  be  furnished  by 
a  great  distributing  plant  which  supplies  a  whole  region  with  power. 
Tills  permits  dividing  the  work  of  irrigation  among  a  number  of 
successive  stations,  erecting  at  the  outset  only  those  that  are  likely 
to  be  remunerative,  and  keeping  pace  with  the  natural  growth  of 
the  demand  for  irrigation  instead  of  tying  up  capital  for  a  long  time 
before  it  becomes  productive.  The  adoption  of  such  a  plan  will 
remove  the  principal  cause  of  the  financial  failure  of  the  large  irri- 
gation systems  recently  built. 

Again,  under  this  system,  the  benefits  of  watering  the  soil  are 
no  longer  confined  to  areas  that  can  be  reached  by  the  large  gravity 
channels  which  are  so  difficult  to  build  and  require  so  much  time. 
Considering  the  probable  rapid  spread  and  development  of  large 
distributing  plants  for  hydro-electric  power,  it  may  be  said  that  if 
the  price  charged  per  kilowatt-hour  is  fixed  low  enough,  our  entire 
territory  may  be  irrigated  by  pumping  on  a  larger  or  smaller  scale. 
However  cheap  a  kilowatt-hour  may  be,  the  areas  devoted  to  exten- 
sive farming  will  be  unable  to  stand  a  charge  of  more  than  $3.25 
to  $4  per  acre  (40  to  50  francs  per  hectare),  and  hence  can  not  buy 
the  water  if  it  must,  be  carried  to  too  high  an  altitude,  but  this  will 
not  be  true  of  truck  farming  in  the  neighborhood  of  cities.  In  many 
places  it  will  be  profitable  to  supply  both  the  city  and  its  environs 
by  having  the  same  plant  provide  drinking  water,  and  thus  obtain- 
ing the  large  receipts  which  this  involves.  Underground  waters,  as 
well  as  surface  waters,  accumulated  in  reservoirs  will  then  be  sup- 
plied to  the  soils  which  make  the  best  use  of  them. 

Each  stream  can  thus  be  employed  to  the  best  purpose,  either  as  a 
water  supply  or  in  producing  motive  power.  Thus  water  power  of 
the  Durance,  which  at  the  periods  of  low  water  does  not  supply  suf- 
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ficient  water  for  irrigation  of  all  lands  in  its  lower  basin,  could 
be  used  to  lessen  the  disastrous  effects  of  such  shortages  by  developing 
power  in  the  highlands  to  pump  from  the  Rhone  to  irrigate  a  portion 
of  the  area  now  watered  by  one  of  the  canals  supplied  by  the  Durance. 
Numerous  contrivances  to  effect  this  result  will  then  become  possible. 
But  enough  has  been  said  to  give  some  idea  of  the  advantages  to  be 
obtained.  The  administrative  measures  and  the  legislative  reforms 
designed  to  facilitate  these  changes,  which  are  under  consideration 
by  the  minister  of  agriculture,  will  now  be  discussed. 

MEASURES  ADOPTED  BY  THE  MINISTRY  OF  AGRICUX.- 
TURE  TO  HARMONIZE  THE  DEVELOPMENT  OF  IRRIGA- 
TION WITH  INDUSTRIAL.  UTILIZATION  OF  STREAMS. 

Two  kinds  of  general  measures  are  adopted  by  the  French  minis- 
try of  agriculture  to  induce  industrial  plants  that  use  water  power 
to  cooperate  in  the  growth  and  development  of  irrigation ;  the  first 
aim  to  make  a  complete  and  detailed  study  of  streams;  the  second 
have  to  do  with  the  licensing  of  hydraulic-power  plants.  A  few  data 
will  be  presented  on  each  of  these  points  and,  by  way  of  example,  the 
special  investigations  now  under  way  will  be  indicated.  >• 

BUBEAU  FOB  INVESTIGATION  OF  HYDRAULIC  POWEB. 

Investigation  of  stream  -flow, — It  is  evident  that  the  rational  de- 
velopment of  hydraulic  power,  involving  the  employment,  at  the  low- 
est possible  price,  of  a  portion  of  the  power  for  pumping  water  for 
'  irrigation  must  be  based  above  all  on  a  thorough  knowledge  of  the 
precise*  nature  of  streams  and  of  all  other  surface  accumulations  of 
water  that  admit  of  direct  use.  Investigations  of  this  sort  were  au- 
thorized by  the  minister  of  agriculture  in  1903  under  the  joint  direc- 
tion, so  far  as  the  Alpine  region  was  concerned,  of  Chief  Engineer 
R.  de  la  Brosse  and  the  present  writer.  The  expenditures  in  the  re- 
gion of  the  Alps  alone  amounted  to  about  $20,000  (100,000  francs). 
It  will  be  of  advantage  to  summarize  from  the  report  of  that  investi- 
gation,"  published  in  1905,  the  main  features  of  the  plan  then  pur- 
sued, which  was  entirely  analogous  to  that  being  followed  upon  a 
larger  scale  by  the  engineers  of  the  water-resources  branch  of  the 
United  States  Geological  Survey. 

The  plan  has  a  twofold  object — ^first,  the  purely  physical  investiga- 
tion, geographic,  meteorologic,  and  hydrographic,  of  streams  and 
their  beds;  second,  the  economic  investigation  of  the  questions  raised 
by  the  utilization  of  the  energy  produced  by  water  or  by  the  use  of 
water. 

"  MinIRt^re  de  Tagriculture — Annales — Direction  de  Thydraullque  et  des  am^lforatlons 
aKrIeoles.  fasc.  H2 ;  tome  1,  Organization  et  compte-rendu  des  travaux;  tome  2,  Rteultata 
des  Eludes  et  travaux. 
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No  one  will  contend  that  it  is  possible  in  the  hydrographic  study 
of  streams  and  their  channels  to  pay  attention  to  the  lines  of  juris- 
diction that  divide  the  different  Departments  of  the  Government. 
The  economic  and  legal  discussions  of  the  matters  fundamental  to 
the  "  white  coal "  industry  have  brought  out  certain  facts  clearly. 
The  best  utilization  of  a  stream  will  almost  always  be  a  varied  one, 
recognizing  the  complex  interests  of  agriculture,  manufactures,  and 
public-service  utilities  of  all  kinds.  It  is  therefore  imperative  that 
the  entire  subject  be  studied  regardless  of  artificial  lines  of  subdi- 
vision— not  in  order  to  place  obstacles  in  the  way  of  manu- 
facturers, but  to  provide  them  with  precise  data,  lacking  which 
they  might  undertake  disastrous  schemes,  and  also  to  furnish  a  basis 
of  action  for  the  Government.  The  "  white  coal "  congress,  held  at 
Grenoble  in  September,  1902,  adopted  a  resolution  to  this  effect,  which 
contained  valid  arguments.  If  we  compare  the  spread  of  the  hydro- 
electric industry  in  the  French,  Swiss,  and  Italian  Alps,  we  will  dis- 
cover that  the  exact  determination  of  the  hydraulic  power  of  our 
streams  is  much  less  advanced  than  in  the  neighboring  countries, 
and  that  the  meagemess  and  inaccuracy  of  the  data  upon  which  the 
first  enterprises  were  launched  in  France  have  been  the  cause  of  some 
unsatisfactory  results.  The  following  statements  are  applicable  only 
to  the  Alpine  region  comprised  between  the  Rhone  and  the  Franco- 
Swiss  and  Italian  frontiers. 

Numher  of  meaa^trement  stations, — ^The  number  of  stations  which 
should  be  maintained  in  the  Alps  to  determine  with  some  degree  of 
precision  the  hydraulic  power  of  the  streams  can  not  be  estimated  at 
le^  than  200,  which  would  mean  an  average  of  20  for  each  Depart- 
ment, or  0.30  per  square  myriameter  (1  station  for  each  129  square 
miles).  The  stations  already  built  are  still  far  from  being  equipped 
with  all  the  apparatus  necessary  for  doing  good  work,  but  efforts  are 
being  made  to  equip  them  as  rapidly  as  the  available  funds  permit. 

Utility  of  a  preliminary  estimate. — It  will  be  several  years  before 
we  are  in  a  position  to  give  accurate  information  concerning  the 
regime  of  Alpine  streams,  but  we  have  undertaken  from  the  start  to 
coordinate  such  data  as  we  possess,  making  use  even  of  those  that  are 
incomplete  and  hypothetical,  so  that  it  would  be  possible  to  prepare 
a  sort  of  provisory  inventory,  which  might  be  rectified  from  time  to 
time  and  brought  up  to  date.  This  first  task  will  make  plain  the 
deficiencies  in  data.  It  will  be  a  sort  of  sketch,  with  blank  spaces 
that  will  be  gradually  filled  out  and  perfected  by  substituting  every 
year,  for  the  approximate  data  previously  used,  the  more  exact  fig- 
ures resulting  from  a  longer  experience. 

Practical  nature  of  the  results  to  he  obtained. — Our  principal  pur- 
pose has  been  to  give  our  investigations  a  practical  character  which 
would  permit  their  immediate  utilization — subject,  of  course,  to  the 


Digitized  by  VjOOQIC 


28  PUBLIC   UTILITY  OF   WATEB  POWERS. 

reservations  impo^  by  the  approximate  nature  and  the  small  num- 
ber of  the  investigations  already  made.  It  may  not  be  a  waste  of  time 
to  offer  certain  explanations  upon  this  subject.  To  build  and  equip 
a  channel  for  diverting  part  of  a  stream  it  is  necessary  to  know  its 
slope,  its  volume,  and  the  speed  of  its  current. 

The  determination  of  slope,  although  it  costs  something,  offers  no 
difficulties.  It  is  done  by  finding  the  difference  of  levels.  The 
division  of  public  surveys  in  France  is  engaged  in  placing  in  aU  the 
Alpine  valleys  numerous  bench  marks,  by  means  of  which  the  total 
slope  of  different  streams  can  be  calculated.  This  operation,  if  dcme 
once  for  all,  will  greatly  facilitate  the  erection  of  power  plant*?: 
meanwhile  special  surveys  will  have  to  be  made  for  those  plants  which 
it  is  proposed  to  erect  now. 

The  flow  and  volume  of  the  streams,  however,  can  not  so  easily 
bo  determined,  but  as  they  constitute  the  most  uncertain  and  variable 
elements  of  hydraulic  power,  it  is  important  that  the  fluctuations 
be  measured  exactly.  Not  only  should  we  know  the  flow  at  extremely 
low  or  extremely  high  stages,  but  also  the  duration  of  the  various 
intermediate  conditions  during  the  year,  and  the  times  that  they 
occur.  Moreover,  we  ^ould  possess  data  covering  a  large  number 
of  years  in  order  to  determine  averages  with  which  to  compare  ex- 
treme fluctuations  in  very  dry  or  very  wet  years.  French  manufac- 
turers, rightly  enough,  have  not  been  content  to  utilize  a  minimum 
flow ;  they  employ  also,  during  a  certain  number  of  months,  a  por- 
tion of  the  average  volume;  and  it  would  help  them  greatly  to  know, 
upon  the  basis  of  long-continued  investigation,  the  elements  that 
affect  the  fluctuations  in  the  flow  of  the  streams. 

We  have  not  been  satisfied,  in  seeking  an  exact  method  of  measur- 
ing the  industrial  value  of  a  stream,  to  make  use  of  such  vague  ex- 
pressions as  "  ordinary  low  stages,"  or  "  ordinary  average  volumes," 
or  even  of  other  more  exact  terms  like  "extreme  low-water  stage," 
which,  in  spite  of  their  scientific  precision,  do  not  furnish  a  practical 
basis  of  evaluation.  It  w  as  suggested  at  the  "  white  coal "  congress 
that  the  industrial  value  of  streams  not  artificially  regulated  by  reser- 
voirs be  indicated  by  two  volumes,  viz,  the  normal  level  below  which 
the  stream  falls,  in  an  average  year,  during  ten  days  in  the  year,  and 
the  normal  volume  below  which  the  stream  falls  during  one  hundred 
and  eighty  days  in  the  year. 

The  paper  presented  to  the  Grenoble  congress  on  this  subject 
included  useful  data  for  the  graphic  determination  of  these  two 
normal  volumes,  and  for  deducing  all  the  requisite  practical  con- 
clusions from  the  curve  of  average  monthly  volumes.  For  more 
details  the  reader  should  consult  the  original  paper,«  bearing  in  mind 

-  Tavernier,  Ren^,  Influence  des  nelges  and  dos  glaciers  sur  lo  regime  des  cours  d'eau  • 
Annales  Direction  de  rhydraullque  et  des  ameliorations  agrlcoles,  fasc.  32,  tome  1,  pp. 
145-153. 
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that  the  determination  of  normal  volumes  by  either  of  the  methods 
indicated  is  based  on  a  knowledge  of  the  average  daily  flow  deduced 
from  hydrometric  readings  by  the  aid  of  a  formula  specially  designed 
to  determine  the  coefficients  needed. 

This  method  of  estimating  hydraulic  forces  employs  only  hydro- 
metric  observations  and  measurements.  It  does  not  make  use  of  rain 
measurements,  geologic  and  glaciologic  data,  etc.,  although  such 
studies  are  proposed,  and  it  is  evident  that  great  practical  interest 
attaches  to  the  determination  of  the  different  elements  that  affect 
stream  flow  in  each  basin  and  of  the  extent  to  which  they  contribute 
to  permanency  in  the  volume  of  the  stream.  When  these  studies  have 
been  made  we  shall  be  in  a  position  to  understand  the  original  causes 
of  those  variations  which  fix  and  limit  the  amount  of  hydraulic 
power;  and  in  the  course  of  time  we  shall  discover  rules  which 
will  permit  us  to  use  a  simple  substitute  for  the  direct  and  always 
very  laborious  method  of  measuring  the  flow  of  water. 

After  a  period  of  active  investigations,  which  shall  take  up  in  turn 
the  different  mountainous  regions,  the  corps  can  be  gradually  reduced 
to  a  single  central  bureau,  which  shall  collate  and  publish  annually 
the  results  of  the  observations  made,  and  revise  periodically  the  gen- 
&2I  inventory  of  hydraulic  force. 

Annual  publication  of  results. — The  annual  publication  of  obser- 
vations, measurements,  hydrologic  researches,  etc.,  should  be  regarded 
as  essential,  for  this  will  bring  to  the  knowledge  of  persons  and  com- 
munities who  contemplate  utilizing  the  streams  a  collection  of  facts 
of  continually  increasing  interest. 

Having  in  mind  these  general  considerations,  we  have  been  led  to 
divide  this  report  on  the  work  of  the  bureau  into  several  chapters 
and  appwidices,  whicji  treat  each  special  topic  separately,  as  follows: 

Chapter    II. — Stations  for  gaging  volumes  of  jvater. 
Chapter  III. — Measurement  of  rainfall  and  snuw. 
Chapter   IV. — Description  of  drainage  basins. 
Chapter     V. — Surveying. 
Chapter   VI.— Publications. 

Moreover,  the  appendices  contain  a  number  of  documents  concern- 
ing various  special  questions,  such  as  measuring  instruments,  the  first 
tentative  census  of  hydraulic  force,  the  organization  of  this  work 
abroad,  the  theory  of  volume  measurements  in  streams  with  change- 
able beds,  typical  formulas,  photographs  of  various  instruments  and 
appliances,  etc. 

COMMITTEE  OP  SCIENTIFIC  INVESTIGATION. 

By  a  decree  of  March  31,  1905,  a  committee  composed  of  scientific 
agriculturists,  scientists,  and  engineers  was  created  in  the  ministry 
of  agriculture  as  a  part  of  the  division  of  hydraulics  and  agricultural 
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improvements  to  make  a  study  of  the  various  questions  of  interest  to 
the  bureaus  in  this  division.  A  second  decree  of  December  26,  1905, 
increased  the  membership  of  this  committee  from  14  to  24  and 
widened  the  scope  of  questions  to  be  studied. 

Some  of  these  questions  are  allied  to  the  subjects  treated  in  this 
paper,  such  as  the  general  geologic  and  statistical  study  of  under- 
ground streams,  surveys  of  river  profiles,  the  experimental  determina- 
tion of  the  value  of  coefficients  used  in  the  formulas  for  the  volume  of 
canals,  the  study  of  glaciers,  and  the  study  of  rainfall  and  snow. 

LAWS  AND  REGULiATIONS  FOR  REFORMING  SYSTEM 
OF  LICENSES  AND  PERMITS  FOR  HYDRAUUC  POWER 
PLiANTS. 

The  French  regulations  take  cognizance  of  two  kinds  of  streams— 

(1)  rivers  that  are  navigable  neither  for  vessels  nor  for  rafts,  over 
which  the  French  minister  of  agriculture  exercises  certain  police 
powers  and  in  which  the  riparian  landowners  possess  certain  rights; 

(2)  sti*eains  that  are  navigable  by  vessels  or  rafts,  which  lie  within 
the  public  domain  and  which  are  administered  by  the  minister  of 
public  works. 

It  should  be  added  that  the  conduits  used  for  the  transmission  of 
electric  power,  which  constitute  an  essential  part  of  hj^draulic  dis- 
tributing plants,  are  placed  mainly  under  the  control  of  the  minister 
of  public  works. 

The  report  of  1900,  referred  to  on  page  12,  attracted  the  attention 
of  the  French  Government  to  the  insufficiency  of  the  existing  legisla- 
tion  on  the  evolution  of  the  new  ''white  coal"  industry,  and  the 
minister  of  public  works  and  the  minister  of  agriculture  prepared  a 
bill  which  they  presented  to  the  Chamber  of  Deputies  July  6,  1900. 
The  principal  object  of  this  bill  was  to  make  all  hydraulic  power 
plants  of  more  than  205  horsepower  so-called  ''  public  "  plants,  and 
under  its  provisions  large  plants  for  the  industrial  utilization  of 
strejims  could  be  built  only  after  a  license  had  been  obtained  for  a 
limited  period  l)y  petitioners  considered  to  be  the  best  among  those 
seeking  this  privilege;  that  is  to  say,  the  petitioners  who  offered 
tlie  greatest  advantages  to  the  community. 

The  bill  of  1900,  which  guaranteed  to  the  nation  the  control  of  all 
large  hydraulic  power  plants  and  retained  for  the  Government  com- 
plete control  over  the  future  development  of  the  various  public  utili- 
ties, aroused  vigorous  protest  from  manufacturers,  who  wished  these 
plants  to  retain  the  character  of  purely  private  enterprises,  and, 
above  all,  from  certain  intermediaries,  who,  having  speculated  in 
future  riparian  rights,  were  threatened  with  the  entire  loss  of  their 
possible  profits  if  these  large  plants  acquired  the  character  of 
"  public  "  concerns. 
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The  opponents  to  the  bill  had  in  mind  mainly  those  streams  navi- 
gable by  neither  vessels  nor  rafts,  along  which  property  owners  en- 
joyed certain  rights.  They  succeeded,  in  1903,  in  obtaining  considera- 
tion of  a  new  plan  for  revising  the  existing  laws,  a  plan  which  had 
reference  exclusively  to  streams  of  this  cliaracter.  A  bill  was  pro- 
posed on  behalf  of  the  Government,  January  15,  1904,  by  M.  Mou- 
geot,  minister  of  agriculture.  During  several  sessions  of  the  legis- 
lature this  bill  was  investigated  and  resulted  in  a  report  presented  to 
the  Chamber  of  Deputies  on  February  21,  1908,  by  M.  Lebrun." 

Another  proposed  law,  relative  to  the  establishment  of  power 
plants  on  watercourses  navigable  by  boats  or  rafts,  submitted  by  the 
minister  of  public  works,  has  been  reported  on  by  M.  Baudin  ^  to  a 
competent  committee  of  the  Chamber  of  Deputies. 

In  Italy,  after  extended  controversy,  and  after  a  series  of  laws 
had  been  proposed  and  rejected,  there  was  presented  to  the  Senate  on 
December  15,  1908,  a  simple  text  o^  l«w  providing  for  cooperation 
l)etween  the  ministers  of  the  interior,  agriculture,  and  commerce  and 
labor. 

In  Switzerland  several  Cantons  have,  since  1899,  modified  their 
legislation.  These  modifications,  together  with  the  results  of  exploi- 
tation of  the  principal  hydro-electric  installations,  were  discussed  in 
1906  <^  by  M.  Eeuss  and  M.  Cordier.  The  discussion  gave  special 
consideration  to  the  new  law  of  the  Canton  of  Berne,  which  in  1906 
was  still  in  process  of  revision.  Subsequently  this  process  was  com- 
pleted and  on  May  26,  1907,  the  law  was  submitted  to  popular  vote 
and  approved. 

Without  going  into  the  details  of  the  controversies  to  which  this 
long  discussion  of  legislative  reforms  has  given  rise,  it  may  be  use- 
ful to  explain  in  the  most  general  terms  the  nature  of  the  conflict 
which  has  arisen  between  manufacturers  and  engineers.* 

*  Portions  of  this  report,  together  with  proposed  law,  appears  on  pp.  74-85. 

*  Portions  of  this  report,  together  with  the  proposed  law,  appears  on  pp.  85-92. 
'  Annales  de  rhydraullque  et  des  ameliorations  agricoles,  fasc.  34,  pp.  189-308. 

*  References  to  these  discussions  appear  in  the  following  papers : 

Les  forces  hjdraullques  des  Alpes — leur  rOle  <k;onomique,  leur  ayenlr.  Rapport  pre- 
sents ft  la  Society  d'Sconomie  politique  de  Lyon,  par  Rene  Tavernler,  ingSnieur  en  chef 
des  ponts  et  chaussees. 

Les  grandes  forces  hydrauliques  des  Alpes.  Rapport  presents  &  la  Societe  d'etudes 
^nomiques  de  la  Loire,  par  M.  Tavernler. 

La  houllle  blanche.    Discussion  du  rapport  precedent. 

L'utillsation  des  chutes  d'eau  dans  les  Alpes  frangaises,  par  M.  Rene  Tavernler.  Con- 
ference ft  la  Societe  des  ingenleurs  civlls  de  la  houllle  blanche,  Grenoble,  1902. 

Influence  des  neiges  et  des  glaciers  sur  le  regime  des  cours  d*eau,  par  M.  Rene  Taver- 
nler.    Conference  faite  au  Congr^  de  la  houllle  blanche,  Grenoble,  1002. 

Etude  hydrologique  du  bassln  de  montagne,  par  M.  R.  de  la  Brosse,  ingenieur  en  chef  des 
ponts  et  chaussees.     Conference  faite  au  Congr^s  de  la  houllle  blanche,  Grenoble,  1902. 

Legislation  des  chutes  d*eau,  par  M.  Ch.  Pinot,  ancien  ingenieur  des  ponts  et  chaussees. 

De  I'utlUsation  des  forces  hydrauliques.  Etudes  des  modifications  ft  apporter  ft  la 
l^slatlon  existante.     Societe  d'etudes  legislatives,  Nos.  1,  2,  3,  et  4. 

Etude  de  geographic  humalne.  L'irrigatlon.  Ses  conditions  geographiques,  ses  modes 
«t  son  organisation  dans  la  peninsule  et  dans  TAfrique  du  Nord,  par  M.  Jean  Brunhes. 
Compte-rendu  par  M.  Rene  Tavernler.  (Annales  des  Ponts  et  Chaussees,  1003,  l^** 
trtmestre. ) 

La  rlcbease  du  RhOne  et  son  utilisation.  Rapport  presente  ft  la  Societe  d'economle 
politique  de  Lyon,  par  M.  Rene  Tavernler. 
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The  manufacturers  argued  as  follows: 

We  provide,  on  most  favorable  terms,  the  power  needed  by  important  public 
utilities.  The  greater  the  liberty  accorded  to  us  the  better  we  will  perform  this 
task,  for  then  it  will  be  easier  for  us  to  bring  together  a  large  number  of 
I)ower-produclng  plants,  whiclf  supplement  each  other  In  supplying  the  public 
utilities,  whose  neeils  are  both  intermittent  and  exacting. 

To  this  the  engineers  made  the  following  answer : 

This  plan  Is  an  excellent  one,  and  entirely  in  conformity  with  the  economic 
neetls  of  the  "  white  coal "  industry ;  but,  if  the  underlying  principle  is  carrietl 
to  its  ultimate  consequences,  as  must  happen  sooner  or  later,  it  will  lead 
inevitably  to  a  monopoly  in  each  region,  or  perhaps  to  a  national  monoi»oly. 

Possibly  large-scale  industries  might  be  able,  at  least  in  the  begin- 
ning and  as  long  as  there  are  still  any  waterfalls  to  be  utilized,  to  get 
along  in  spite  of  this  monopoly,  although  it  seems  singularly  dan- 
gerous to  place  forever  in  the  hands  of  a  few  persons  the  control  of 
what  is  in  reality  bound  to  become^  raw  material  for  all  industries, 
large  or  small.  A  small  plant,  inevitably  tributary  to  the  monopoly 
which  distributes  power  in  its  particular  region,  as  well  as  public 
utilities  like  illumination,  transportation,  and  irrigation,  all  of  which 
are  neceasarily  localized,  would  manifestly  be  in  no  position  to  discuss 
the  prices  asked  for  furnishing  power,  when  this  power  is  furnished 
by  the  ''  white  coal  *"  trust.  There  can  be  no  doubt  that  the  monopo- 
listic exploitation  of  this  source  of  power,  if  completely  unhampered, 
will  be  able  to  provide  private  concerns,  as  well  as  public  utilities, 
with  the  energy  needed  at  the  lowest  price.  It  must  be  asked,  how- 
ever, to  what  extent  will  these  "masters  of  the  market"  be  disposed 
to  share  with  their  obligatory  customers  the  savings  which  they  effect 
in  the  production  of  power.  The  experience  of  the  past  furnishes 
an  answer  to  this  question.  If  we  judge  all  the  old  practices  of  gas 
companies,  adhered  to  until  electricity  became  a  competitor,  the 
producers  who  enjoy  a  monopoly  have  heretofore  scarcely  ever 
applied  rational  methods  of  fixing  charges  by  lowering  prices  to  those 
who  are  unable  to  pay  high  prices  while  at  the  same  time  charging 
higher  rates  to  other  consumers.  Almost  always  they  have  preferred, 
whenever  they  were  given  the  choice,  to  make  their  profits  by  selling 
small  quantities  at  high  prices  rather  than  by  selling  large  quantities 
at  small  prices.  It  is,  of  course,  possible  that  the  concerns  for  the 
distribution  of  "  white  coal "  power  will  constitute  a  happy  novelty, 
and  that  they  will  understand  their  own  interests  better  than  the 
gas  companies  formerly  understood  theirs.  No  one,  however.,  can 
regard  as  superfluous  the  methods  by  which  the  proper  branches  of  the 
Government  may  constrain  a  monopolistic  corporation  producing 
hydro-electric  power  to  adopt  a  policy  of  management  which  will 
insure  the  greatest  advantage  to  the  business  community  at  large. 
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At  the  present  time  none  of  the  bills  concerning  the  establishment 
of  hydraulic  power  plants  have  been  passed.  The  Government  is 
therefore  obliged  to  carry  on  this  work  upon  the  basis  of  existing  law. 
We  shall  indicate  in  the  following  paragraphs  what  the  minister 
of  agriculture  has  been  able  to  do  in  certain  special  cases  in  regard  to 
irrigation. 

With  regard  to  the  means  for  transporting  electricity,  however, 
very  minute  regulations  have  been  enacted.  The  law  of  June  15, 
1906,  has  been  followed  by  several  decrees  governing  the  details  of 
their  enforcement.  The  principal  decrees  are  the  following:  That 
of  February  7,  1907,  creating  a  permanent  governing  committee  on 
electricity;  that  of  October  17,  1907,  organizing  the  supervision  of 
power-distributing  plants;  that  of  April  3,  1908,  supplementing  the 
fundamental  features  of  the  law  of  June  15, 1906 ;  that  of  August  20, 
1908,  providing  for  a  standard  set  of  specifications. 

The  organization  for  supervising  the  electric  transmission,  deal- 
ing with  technical  questions  affecting  public  security  rather  than  with 
the  conmiercial  problem  of  lowering  prices,  is  of  too  recent  date  to 
justify  any  conclusions  with  regard  to  its  possible  advantageous 
effects  on  irrigation  in  particular, 

SPECIAL.  STUDIES   MADE  BY  MINISTER  OF  AGRICUIj- 

TURE. 

The  possibility  of  using  the  hydro-electric  power  for  irrigation 
comes  up  in  a  peculiar  form  in  the  valley  of  the  Rhone,  in  all  the 
lateral  valleys  bordering  on  the  Alps,  and  in  the  southwestern  parts  of 
France,  which  are  watered  by  streams  rising  in  the  Pyrenees. 

The  regimen  of  streams  flowing  from  the  Pyrenees  is  influenced 
by  numerous  lakes,  whose  utilization  has  been  systematically  planned 
by  the  minister  of  agriculture  for  a  number  of  years.  It  is  evident 
that  these  works,  originally  planned  for  the  si>ecific  purpose  of  rein- 
forcing the  supply  of  water  for  the  streams  flowing  out  of  the  table- 
land of  Lannemezan,  will  also  have  a  beneficial  influence  on  the 
hydraulic  power  systems  of  the  valleys  that  are  concerned.  The  lakes 
are  situated  at  very  high  altitudes.  Their  utilization  will  create  in- 
termittent power,  which  at  certain  times  may  be  valuable  for  irriga- 
tion. If  the  agricultural  department  will  not  use  it  directly,  it  will 
at  least  obtain  from  those  who  profit  by  it  a  compensation  which 
can  not  be  better  used  than  for  the  extension  of  irrigation. 

In  the  basin  of  the  Durance  the  problem  of  reservoirs  is  no  less 
interesting  than  in  the  Pyrenees,  but  its  solution  is  more  difficult. 
Sites  for  reservoirs  of  large  capacity  have  long  been  found  and 
examined  on  the  Durance  itself  where  it  joins  the  Ubaye,  as  well  as 
It  different  points  in  Verdon.     Such  reservoirs  could  be  used  to 
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counteract  the  disastrous  shortages  of  water  experienced  in  some 
years  by  the  large  irrigation  channels  supplied  by  the  Bassa-Durance. 
It  is  to  be  hoped  that  these  reservoirs  will  soon  be  constructed.  Then 
the  Government,  which  will  reinforce  by  large  reserve  supplies  of 
water  the  hydraulic  system  of  the  Durance,  the  main  source  of  power 
for  the  entire  southeastern  part  of  France,  will  be  in  a  position  to  ob- 
tain at  low  prices  from  the  power-distributing  companies  who  profit 
by  this  state  of  affairs  the  power  needed  for  irrigation. 

Nowadays  the  system  of  licenses  still  in  vogue  on  streams  included 
in  the  public  domain  (the  Durance  is  classed  as  navigable  by  rafts 
throughout  most  of  its  length,  from  Embrun  to  the  Rhone)  enables 
the  division  of  agricultural  hydraulics  to  obtain  from  the  motive 
power  of  the  lower  Durance  large  quantities  of  hydro-electric  power 
taken  at  the  generating  plant  for  very  low  prices,  varying  according 
to  the  periods  of  delivery  from  0.01  to  0.015  franc  (2  to  3  mills)  per 
kilowatt-hour. 

One  important  question  which  is  now  being  studied  will  provide 
an  opix)rtunity  for  the  bureaus  connected  with  the  division  of  agri- 
cultural hydraulics  to  deal  adecjuately  with  the  question  of  furnish- 
ing at  low  prices  the  power  needed  to  pump  water  for  irrigation. 
The  question  arose  in  connection  with  a  large  undertaking  to  irrigate 
the  low  plains  situated  on  the  right  bank  of  the  Rhone  near  Nimes 
and  Montpellier,  In  1847  Aristide  Dumont,  engineer  of  bridges  and 
roads,  first  suggested  diverting  from  the  Rhone  25  cubic  meters  (883 
cubic  feet)  a  second  for  irrigation. 

After  numerous  modifications  the  programme  finally  adopted  in 
1897  consisted  in  building  three  independent  diverting  channels  dis- 
charging a  total  of  1,G()0  cubic  feet  (47  cubic  meters)  of  water.  The 
total  cost  was  estimated  at  $^37,000,000  (188,000,000  francs).  The 
plan  was  to  be  carried  out  as  soon  as  there  were  enough  pledges  for 
the  irrigation  to  require  a  totjl  of  1,060  cubic  feet  (30  cubic  meters) 
discharge.  The  water  was  to  be  sold  to  the  cities  at  a  continuous 
flow,  at  the  rate  of  1,000  francs  per  liter  per  second,"  and  for  water- 
ing purposes  in  intermittent  supply  at  the  price  of  G3.50  francs  per 
liter  per  second  ($1.50  per  million  gallons  at  about  50  cents  per  acre- 
foot). 

This  vast  undertaking  has  stirred  up  public  opinion  for  fifty 
years  and  has  given  rise  to  sharp  controversies  which  may  be  found 
in  the  report  of  the  writer  on  "  The  wealth  of  the  Rhone  and  its 
utilization." . 

There  were  two  parties  to  the  debate,  one  side  representing  the 
interests  of  navigation  and  the  other  the  farming  interests.     The 

«  Equivalent  to  about  $5,700  per  second-foot  of  constant  flow,  or  about  $8  per  acre- 
foot  per  year,  or  about  $'24  per  million  gallons  per  year. 
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failure  to  carry  out  successfully  the  programme  of  1897,  moreover, 
is  due  less  to  the  opposition  which  it  encountered  than  to  the  im- 
possibility of  obtaining  the  number  of  pledged  subscribers  for  the 
use  of  the  water  that  was  considered  indispensable  for  the  successful 
operation  of  the  enterprise. 

To-day  it  seems  that,  thanks  to  the  installation  of  hydraulic  power 
plants,  these  old  quarrels  are  about  to  die  out.  The  question  of  the 
Rhone  irrigation  channels,  stirred  up  by  the*  dolorous  and  disturbing 
crisis  in  wirie  production  which  is  now  being  felt  by  the  southern 
part  of  France,  is  being  so  modified  as  to  bring  us  nearer  to  a  solution 
that  will  harmonize  rather  than  accentuate  divergent  interests. 

A  recent  decision  of  the  minister  of  agriculture  has  intrusted  the 
writer  of  this  paper  with  the  task  of  devising  an  irrigation  system 
based  on  the  pumping  of  water  taken  from  the  lower  Khone.  The 
most  important  part  of  this  investigation  will  consist  in  finding 
how  to  furnish  power  at  the  lowest  price  for  the  pumping  stations, 
either  by  compelling  the  future  holders  of  licenses  for  hydraulic 
plants  to  concede  specially  low  terms,  as  has  already  been  accom- 
plished in  connection  with  the  motive-power  syndicate  of  the  lower 
Durance,  or,  if  it  should  prove  necessary,  to  elaborate  a  complete 
plan  for  the  erection  of  an  entirely  new  series  of  plants  for  furnish- 
ing power  to  all  the  concerns  that  might  need  it  in  the  region  under 
consideration. 

CONCLUSION. 

The  United  States  of  America,  at  least  in  the  opinion  of  those  who, 
like  myself,  are  yet  unfamilar  with  the  country,  is  par  excellence  the 
land  of  great  business  enterprises,  because  of  wonderful  personal  ini- 
tiative, the  power  of  large  masses  of  capital,  an3  the  intensity  of  local 
life  due  to  the  economic  independence  of  the  several  States.  I  am 
sure  that  these  elements  will  play  an  important  part  in  the  exploi- 
tation of  the  hydraulic  wealth  upon  which  is  so  largely  dependent 
the  development  of  such  regions  as  the  one  in  which  this  con- 
gress is  being  held  [Albuquerque,  N.  Mex.].  But  I  have  also 
noted,  with  equal  gratification,  the  powerful  cooperation  in  the 
development  of  water  power  that  is  being  provided  by  the  Fed- 
eral Government  through  the  Departments  of  the  Interior  and 
of  Agriculture,  without  which  isolated  and  independent  enterprises 
would  run  a  great  risk  of  failure.  The  marvelous  work  of  the  Geo- 
logical Survey  and  of  the  Reclamation  Service  is  too  widely  known 
to  require  any  word  of  praise  from  me  at  this  time  and  place.  But 
I  wish  to  draw  one  inference  from  this  general  phenomenon  of  the 
increasing  intervention  of  the  central  Government,  We  appear  to  be 
gradually  recognizing  more  and  more  fully  that  hydraulic  wealth  is 
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a  collective  wealth  liable  to  be  wantonly  wasted  if  it  is  not  used  co- 
operatively. If  water,  which  has  so  long  divided  mankind,  seems  now 
about  to  bring  them  together  for  the  comm(Mi  good ;  if  there  is  to  be 
harmony  between  interej?ts  which  long  have  been  antagonistic — all 
of  which  miracle  is  to  be  wrought  by  the  fairy  named  Electricity — it 
will  everywhere  be  necessary  for  a  final  tribunal  to  intervene  on  be- 
half of  such  harmony  in  the  interest  of  the  community,  regardless 
of  administrative  and  political  boundaries,  with  which  hydrologic 
phenomena  have  no  concern. 

A  profound  consciousness  of  this  new  sort  of  interdependence  has 
given  rise  to  the  measures  that  are  being  taken  in  France  by  the  min- 
ister of  agriculture  to  enable  irrigation  to  benefit  by  the  utilization  of 
hydraulic  energy. 
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CHAPTER  III. 

FRENCH  AND  FOREIOX   LEGISLATION   RELATIVE   TO 
THE  DEVELOPMENT  OF  WATER  POWERS." 


By  Rene  Tavern  ier. 


PRACTICAL  UTILITT  OF  THE  STXTDT. 

It  is  not  purposed  to  discuss  water-power  legislation  in  France, 
Italy,  and  Switzerland  from  the  point  of  view  o"f  the  lawyer  or  the 
historian.  The  simplest  analysis  of  the  voluminous  treatises  that 
have  been  written  on  the  subject  in  the  three  countries  would  require 
too  extended  space.  Most  of  the  authors  of  such  treatises  are  lawyers 
who  have  been  inclined  to  study  the  past ;  when  considering  the  future 
they  have  endeavored  to  preserve  the  old  traditions,  even  in  the  most 
modern  application.  Practical  men,  on  the  other  hand,  who  desire 
a  quicker  development  of  the  industry,  try  to  accommodate  them- 
sehes  as  well  as  possible  to  the  antiquated  laws  rather  than  endeavor 
to  institute  a  reform  and  htve  the  laws  corrected,  dreading  the  inter- 
vention of  the  Government  and  fearing  to  avail  themselves  of  its 
almost  indispensable  cooperation,  lest  they  provoke  undesired  inter- 
ference. 

It  is  difficult  to  imagine  a  greater  disparity  than  exists  between 
the  character  and  scope  of  the  present  French  legislation  and  the 
actual  state  of  affairs  with  reference  to  water-power  development. 
The  necessity  for  bringing  these  laws  into  harmony  with  present 
conditions  has  beeu  generally  recognized,  and  it  has  been  shown  that 
the  requirements  imposed  by  these  ancient  laws  are  insecure  and 
transitory.  We  need  not  enter  into  an  investigation  of  Roman  or 
feudal  law  to  find  the  origin  of  the  present  law  with  reference  to 
watercourses.  It  will  suffice  to  state  that  in  France  watercourses 
that  are  navigable  for  neither  ships  nor  rafts  belong  to  the  owners 
of  adjacent  lands ;  in  Switzerland  control  is  retained  by  the  Cantons 
and  communes ;  ^  and  in  Italy  the  waters  are  public  property,  conces- 
sions for  development  being  issued  by  the  Government. 

"A  translation  of  chapter  3  of  M.  Ta vernier's  report,  made  In  1900,  **  Les  forces  hydraii- 
Ilquw  des  Alpes  en  France,"  referred  to  on  p.  12. 

*The  Canton  of  Switzerland  corresponds  to  the  State  of  the  Fnited  States ;  the  commnne 
corresponds  to  the  county.  Since  this  report  was  written  the  control  has  passed  to  the 
Federal  Government 
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Before  the  introduction  of  electricity  water  powers  were  employed 
only  on  small  tracts  of  land  bordering  the  watercourses,  but  recent 
progress  in  electric  transmission  has  made  it  possible. to  extend  their 
use  over  wide  areas.  Whereas  formerly  an  application  by  a  riparian 
owner  for  a  license  to  use  water,  either  for  irrigation  or  for  a  mill, 
meant  only  that  he  would  use  the  water  for  specific  purposes  on  his 
own  property,  now  the  use  of  water  power  has  entered  a  new  field 
and  new  financial  benefits  are  derived  from  it.  Consequently  new 
laws  and  regulations  have  become  a  necessity. 

FRENCH  LEGISLATION. 

LAWS  AND  BEGULATIONS  IN  FOBCE. 

Applications  for  the  establishment  of  power  plants  along  non- 
navigable  watercourses  in  France  were,  by  circulars  of  October  23, 
1851,  December  2G,  1884,  and  March  2,  1898,  made  subject  to  certain 
regulations.  More  recently  the  administration  of  watercourses  has 
been  made  the  subject  of  a  law,  promulgated  April  8,  1808,  article  12 
of  which  anticipates  the  enactment  of  a  new  law  providing  for 
broader  public  control  than  that  afforded  by  the  circulars  mentioned 
above.  It  should  be  stated,  in  connection  with  subsequent  quotations 
of  certain  passages  from  the  work  of  M.  Delbet,  that  the  legislation 
of  1898  has  not  settled  the  question  of  the  ownership  of  power  privi- 
leges and  has  not  brought  thereinto  any  new  principle.  The  owner- 
ship of  the  river  l)eds  by  the  riparian  proprietors  is  conceded,  and 
there  is  no  separation  of  the  power  sites  from  the  watercourses  in 
general. 

This  law,  promulgated  after  consideration  of  the  matter  during 
a  period  covering  nearly  a  century,  shows  a  very  plain  disregard  of 
modern  needs  and  requirements.  It  is  said  that  the  Chamber  of 
Deputies  wished  explicitly  to  give  to  the  riparian  owners  on  the 
watercourses  the  control  of  power  privileges.  To  this  the  Senate 
was  opposed.  In  this  connection,  M.  Delbet,  deputy,  in  his  report  of 
July  12,  1897,  says: 

The  proposed  law  does  not  deal  directly  with  the  ownership  of  waterfalls 
not  actually  operatetl.  The  commission  of  the  Chamber  in  ISSS  wanted  espe- 
cially to  prevent  any  encroachment  by  the  Government  on  the  rights  of  private 
property  and  the  arbitrary  disposal  thereof.  The  commission  thouRht  that  a 
special  law  covering  this  point  could  be  framed  after  its  utility  had  been 
proven;  but,  as  it  was  of  importance  not  to  retard  any  longer  the  vote  on  this 
paragraph  of  the  rural  code»  consideration  of  this  matter  of  comparatively 
small  importance  was  omitted,  in  order  to  avoid  a  new  discussion  that  prob- 
ably would  have  resulted  in  the  failure  of  the  entire  measure  through  noncon- 
currence  of  the  Senate. 

It  seems  impossible  to  modify  the  rules  defining  government  inter- 
vention  in   matters   of  power-plant  regulation   without  creating  a 
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new  law.     Such  intervention,  if  reduced  to  a  minimum,  would  fail 
to  effect  necessary  reforms. 

JUBISPBUDENCE. 

The  Government  does  not  intervene  in  an  ordinary  disagreement 
unless  it  becomes  neceasary  to  protect  the  riparian  owners  from 
damage  to  or  infringement  of  t^»eir  water  rights.  To  make  such 
intervention  perfectly  legal,  broader  powers  should  be  assumed.  In- 
demnity for  private  damages  and  the  defense  of  private  rights  are 
adjudicated  in  the  lower  courts,  except  where  the  rights  of  third 
parties  are  involved.  In  spite  of  many  commentaries,  circulars,  and 
decrees  specifying  the  scope  and  application  of  the  law,  the  limit  of 
administrative  power  has  always  been  most  uncertain.  Engineers 
are  greatl3^  embarrassed  by  the  opposition  encountered  in  their  work. 
They  frequently  have  to  act  as  intermediaries  between  oppo»sing  par- 
ties for  the  purpose  of  settling  disputes  out  of  court.  The  Govern- 
ment does  not,  as  a  general  rule,  concern  itself  with  the  verification 
of  the  petitioner's  claim  that  he  owns  the  necessary  tract  of  laiMl;  it 
does  not  even  specify  the  amount  of  water  permitted  to  be  withdrawn. 
Consequently  the  privileges  actually  granteil  may  be  utilized  only 
in  part,  or  not  at  all,  and  the  nation  has  no  right  to  interfere.  Neither 
does  the  Government  concern  itself  with  isolated  claims  for  damages 
inflicted  on  downstream  owners  by  upstream  diversions.  There 
results,  in  effect,  confiscation  of  the  property  rights  of  the  greater 
number  of  people  for  the  benefit  of  the  fewer,  and  this  is  made  more 
serious  by  the  fact  that  the  right,  as  created  under  the  water  regula- 
tion, is  perpetual  and  without  a  forfeiture  clause. 

Few  real  difliculties  are  encountered  with  such  a  law  so  long  as 
it  applies  to  the  short  diversions  established  by  owners  of  rights 
within  their  own  property.  The  right  to  a  waterfall  created  under 
this  law  is,  in  effect,  an  extension  of  the  general  right  of  ownership 
in  the  water  and,  like  this  general  right,  it  is  perpetual  and  absolute. 
It  is  singidar  that  such  an  extension  of  the  administrative  permit 
appeared  necessary.  It  would  have  been  more  logical  to  vest  the 
ownership  of  the  waterfalls  specifically  in  the  ownei's  of  the  banks, 
as  was  at  first  intended  by  the  legislature  of  1898.  M.  Picard  ex- 
plains why  this  was  not  done."  The  reasons  were  as  follows:  First, 
the  slope  of  the  river  bed  between  the  limits  of  the  property  of  a 
single  owner  is  not,  in  most  places,  sufficient  for  the  development  of 
power  necessary  in  the  operation  of  a  plant  of  important  size.  Fur- 
thermore, it  would  be  very  difficult  to  induce  the  bank  owners  to 
combine  their  partial  powers  and  thereby  create  a  common  power 
susceptible  of  development  and  utilization  to  the  profit  of  the  whole 

"Traits  des  eaux,  vol.  1,  p.  250. 
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community  or  of  one  of  the  members  thereof.  The  resistance  of  one 
riparian  owner  would  be  sulBScient  to  render  the  resource  unavailable, 
to  the  great  detriment  of  the  public  interest 

Accordingly,  for  the  reasons  set  forth,  the  legislature  of  1898 
explicitly  refused  in  all  cases  to  unite  the  ownership  of  the  water 
with  the  ownership  of  the  banks.  And  so,  legally,  under  the  new 
law,  the  actual  water  itself  is  nonexistent  (res  nullius),  although,  as 
in  the  past,  it  is  subject  to  private  appropriation  by  the  pei-son  who 
first  makes  application  for  an  administrative  permit  to  make  bene- 
ficial use  thereof. 

1>EFECTS  OF  THE  PRESENT  LAW. 

Under  present  conditions  the  difficulties  encountered  in  the  develop- 
ment of  hydro-electric  plants  are  almost  intolerable.  An  installation 
of  such  character  generally  involves  the  diversion  of  the  total  low- 
water  flow  of  a  river  for  several  miles  along  its  course.  It  affe<?ts 
the  interests  of  hundreds  of  persons,  including  the  owners  of  lands 
crossed  by  conduits  or  occupi^  by  the  plant  as  well  as  the  owners  of 
the  river  banks.  The  founders  of  the  great  hydro-electric  power 
plants  in  Isere  and  Savoie  did  not  at  first  apply  for  government 
license;  this  they  did  after  they  had  quieted  all  objections  by  procur- 
ing the  necessary  bills  of  sale,  contracts,  and  other  legal  documents. 
But  this  practice  is  no  longer  effective,  because  the  landowners  are 
becoming  conscious  of  the  value  of  the  water  powers  and  are  less 
easily  persuaded  to  part  with  their  rights  than  formerly;  also  be- 
cause the  benefits  that  have  been  realized  have  given  rise  to  an  out- 
burst of  speculation.  A  new  class  of  speculators,  properly  called 
obstructionists,  has  appeared.  These  people,  by  purchasing  a  few 
lots  at  different  places,  control  the  situation  and  completely  prevent 
water-power  development  unless  the  promoting  interests  accept  their 
terms.  As  a  result  of  this,  it  frequently  happens  that  power  sitcte 
of  first  choice  have  to  be  abandoned  for  less  convenient  but  more 
easily  attainable  ones.  If  one  considers  the  enormous  capital  invested 
in  electro-chemical  and  electro-metallurgical  industries;  if  one  knows, 
on  the  other  hand,  the  importance  of  transmission  to  the  industries 
which  would,  without  it,  be  compelled  to  locate  at  great  distances 
from  their  supply  of  raw  material  and  far  from  their  market;  and  if, 
finally,  one  takes  account  of  recent  happenings  along  this  line,  he  can 
not  but  perceive  that  there  exists  a  condition  of  chaos  and  dissatis- 
faction. Such  practices  are  destructive  of  public  confidence,  public 
morals,  and  general  public  economy.  Considered  even  from  the 
standpoint  of  private  initiative,  they  are  as  pernicious  as  are  the  laws 
that  make  them  possible,  but  when  public  interest  and  the  duty  of 
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the  nation  are  considered  the  reproaches  that  may  be  cast  on  the  law 
are  very  forcible. 

The  Government  should  intervene  in  the  interest  of  public  safety. 
It  should  regulate  the  construction  and  operation  of  all  reservoirs 
and  conduits.  The  failure  of  such  structures,  exposed  as  they  fre- 
quently are  to  high  pressures  induced  by  great  hydraulic  heads,  is 
liable  to  cause  great  loss  of  life  and  destruction  of  property.  A 
second  reason  for  government  intervention  is  that,  before  granting 
a  new  concession  and  thereby  creating  a  new  right,  which  covers  all 
the  previous  rights  but  which  constitutes  a  sort  of  special  right, 
the  Government  should  satisfy  itself  that  the  applicant  for  con- 
cession, whom  the  outsider  is  powerless  to  oppose,  is,  in  reality, 
capable  of  installing  and  operating  the  prospective  works.  It  is  a 
question  of  public  morals  and  also  one  of  general  economy.  A  third 
reason  for  government  intervention  is  that  it  is  highly  desirable  that 
the  industry  which  has  acquired  a  right  by  purchase  from  inter- 
mediaries, who  sell  to  their  advantage  a  right  to  water  power  created 
bv  administrative  act,  shall  be  protected  against  the  possibility  that 
the  title  to  the  property  shall  be  clouded  by  the  appearance  of  some 
accidentally  forgotten  owner,  who  will  create  disturbance  by  subse- 
quently selling  his  interest  to  some  adversely  disposed  person.  This 
does  not  apply  to  small  developments  but  to  hydro-electric  power 
plants  which  represent  a  large  outlay  of  capital.  It  is  often  the  case 
that,  at  an  unexpected  moment — thanks,  it  is  said,  to  the  connivance 
of  the  administration — the  integrity  of  such  an  investment  is  com- 
promised by  the  appearance  of  old  claims.  From  considerations  of 
general  economy  and  of  public  interest  it  is  intolerable  that  the 
capitalization  of  so  valuable  a  natural  resource  shall  be  held  in 
check  by  so  many  obstructions  that  in  certain  cases  even  the  appur- 
tenant works  necessary  to  the  completion  of  the  development  can 
not  be  established,  in  default  of  the  necessary  ground. 

To  avoid  all  these  abuses  without  modifying  legislation  it  would 
be  necessary  for  the  administrative  authorities  to  subject  the  pro- 
posed projects  to  a  minute  examination,  to  satisfy  themselves  that  all 
necessary  preliminary  arrangements  are  made,  all  necessary  lands 
purchased,  and  all  rights  acquired.  It  is  believed  that  even  such  pre- 
cautions would  not  be  entirely  sufficient,  because  even  where  all  such 
provisions  were  fully  complied  with,  the  administration  would  still 
be  without  power  under  existing  law  to  force  the  grantee  of  the  right 
to  utilize  the  water  power  to  its  full  capacity  and  in  a  rational 
manner.  The  existing  law  does  not  fix  the  amount  of  water  to  be  used, 
and  it  makes  no  stipulations  except  a  time  limit  placed  on  the  con- 
struction of  works  and  provides  no  forfeiture  for  nonoperation  of  the 
^  works  and  uonutilization  of  the  water.    In  other  words,  the  adminis- 
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tration  creates  an  unlimited  and  exclusive  right  to  a  resoiu'ee,  with- 
out even  imposing  on  the  grantee  the  obligation  of  using  it  and  with- 
out giving  to  him  the  means  of  so  doing,  if  he  me^s  with  oppositiou 
from  outside  parties. 

In  all  the  preceding  critical  analysis,  the  intervention  of  the  nation 
has  been  regarded  K)lely  from  considerations  of  the  security  of  public 
interest  in  respect  to  water  rights  and  of  the  principle  that  the  nation 
should  not  abandon  control  of  the  natural  resources  without  at  least 
imposing  the  obligation  of  their  utilization.  It  is  undeniable  that  on 
all  these  points  the  law.s  in  force  do  not  permit  the  administration 
to  exercise  such  absolute  control  as  we  have  pointed  out. 

The  method  of  utilizing  water  power  will  now  be  considered. 
Under  existing  law  a  holder  of  a  concession  for  light  and  traction 
may  endeavor  to  acquire  also  a  concession  for  a  power  plant  and  for 
some  industrial  establishment.  As  the  interests  of  two  such  persons 
in  the  same  region  may  clash,  it  may  occur  that  both  parties  are  de- 
feated in  their  purposes,  or  that  one  is  favored  at  the  expense  of  the 
other.  Vast  public  interests  may  be  damaged  in  this  way,  and  work 
of  the  greatest  importance  may  be  frustrated.  There  is  no  legislation 
at  present  to  remedy  this  condition.  In  fact,  the  intermediaries  who 
exploited  the  first  water  powers  in  the  French  Alps  were  not  con- 
cerned with  enterprises  of  public  interest,  and  it  w^ill  be  recognized 
that,  on  account  of  the  poverty  of  the  people  in  the  region  in  which 
they  are  located,  such  enterprises  can  not  be  immediately  productive 
of  the  gi-eatest  benefits. 

In  examining  the  list,  set  forth  in  statistical  tables,  of  the  large 
hydro-electric  developments  recently  established  in  France,  in  Swit- 
zerland, and  in  Italy,  one  can  not  but  be  impressed  with  the  great 
and  characteristic  difTerences  in  the  uses  to  which  water  power  is 
put.  In  France  the  great  developments  are  largely  private  and  are 
devoted  to  electro-chemical  and  electro-metallurgical  industries.  In 
Switzerland  and  Italy  the  developments  are  great  public  enterprises 
engaged  in  the  transmission  and  distribution  of  power  in  the  open 
market  for  traction  and  other  purposes.  This  is  due,  no  donbt,  in 
part,  to  the  fact  that  the  French  Alps  have  a  smaller  population  and 
fewer  industries  than  have  the  Swiss  and  Italian  Alps;  and  in  part 
also  to  the  insufficiency  of  French  legislation. 

FBOPOSED   BEFOBMS. 

The  difficulties  encountered  under  existing  law,  on  the  one  hand 
by  those  who  are  trying  to  operate  large  water  powers  and  on  the 
other  by  the  government  representatives  charged  with  the  appli- 
cation of  apparently  inapplicable  and  insufficient  laws,  having  been 
summarized,  it  is  now  incumbent  on  us  to  show  what  reforms  are  ' 
proposed. 
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The  first  and  principal  reform  should  consist  of  the  substitution 
of  concessions  **  or  franchises  in  place  of  the  present  license  or  mere 
permission.  These  concessions  should  be  limited  to  a  specified  time 
and  to  a  specified  hydraulic  power.  They  should  include  the  usual 
clauses  of  redemption  and  forfeiture,  although  they  need  not  neces- 
sarily confer  upon  the  grantee  the  right  of  expropriation,  resort  to 
which  in  each  case  should  be  determined  by  its  effect  on  the  public 
interests,  present  and  future. 

The  granting  of  concessions  only  for  the  large  enterprises  and  the 
continuing  to  issue  permits  for  the  smaller  powers  will  quiet  the  ap- 
prehensions of  those  who  persist  in  considering  the  water  powers  as 
private  property,  or  at  least  as  a  natural  extension  of  private  prop- 
erty. Such  owners  say,  "  If  a  fall  is  entirely  on  my  property,  if  I 
am  the  owner  of  both  banks,  why  should  the  Government  oppose 
my  using  the  water  at  my  convenience,  provided  I  return  it  at  the 
l>oundary  of  my  grounds,  in  compliance  with  article  044  of  the  civil 
code?  If  a  number  of  owners  should  unite  and  transfer  their  rights 
to  an  individual,  how  could  the  Government  refuse  to  that  individual 
the  same  rights  it  grants  to  the  original  owners?  [Referring  to 
simple  permits.]  Is  it  not  extraordinary  that  it  should  claim  to  have 
the  right  to  enter  upon  private  property  and  place  there,  for  the 
development  of  power,  a  concessionnaire  of  its  own  choice?  " 

The  premises  upon  which  these  arguments  are  based  are  incorrect. 
The  proprietor  of  both  banks  of  a  stream  is  not  refused  the  right 
to  develop  the  water  power;  on  the  contrary,  he  is  denied  the  right  of 
not.  using  it.  In  fact,  in  the  development  of  water  powers,  as  in  all 
other  enterprises  susceptible  of  being  considered  public  utilities,  the 
private  citizen  is  freely  allowed  to  realize  a  profit  from  and  on  his 
possessions.  It  is  not  intended  to  crowd  out  the  little  owner  and  to 
prevent  him  from  using  the  small  privileges  for  his  small  enterprises. 
It  appears  necessary  to  reconcile  the  opposing  views  and  to  preserve, 
in  general,  the  system  of  granting  permits  for  water  powers  of  less 
than  200  horsepower,  while  the  larger  powers,  which  are  destined  to 
play  a  great  part  in  the  public  economy,  shall  be  regulated  under 
concession,  with  an  accompanying  declaration  of  public  utility.  A 
special  precaution  should  be  taken  in  every  case ;  the  concessionnaire 
ought  to  prove  the  general  utility  of  his  enterprise,  and  the  smaller 
mills  should  not  be  permitted  to  interfere  with  large  developments 
and  thus  diminish  their  usefulness  to  the  public.  The  best  plan 
would  be  to  permit  the  small  mill  to  exist  by  the  side  of  the  large 
plant  and  to  have  returned  to  it,  in  the  form  of  power,  the  equivalent 
of  that  which  the  larger  plant  takes  in  the  form  of  water. 

•  The  French  word  concession  seems  by  this  and  subsequent  context  to  be  Identical 
with  what  Is  commonly  known  In  this  country  as  a  lease.  There  may,  however,  be  a 
■light  difference  between  the  two.  Therefore  the  former  term  will  be  used  in  subsequent 
pages. — M.  O.  L. 
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PBlHCrPLES  PBOPOSED  FOB  BASIS  OF   HEW   LEGISLATIOK. 

The  ideal  solution  consists  in  permitting  all  the  interests,  private 
as  well  as  public,  to  develop  power,  and  in  considering  according  to 
their  respective  merits  several  applicants  who  seek  to  obtain  c<hi- 
cession  of  the  same  power  site.  Such  is  the  policy  upon  which  the 
following  general  principles  are  based : 

1.  All  the  various  lines  of  water-power  utilization  must  be  facili- 
tated and  encouraged  simultaneously,  because  the  water  powers  are 
concentrated  at  certain  points  in  such  enormous  quantities  that  there 
is  no  risk  of  their  speedy  exhaustion;  further,  because,  for  technical 
and  economic  reasons,  it  is  of  the  greatest  advantage  to  distribute 
the  power  produced  among  the  greatest  possible  number  of  uses. 

2.  The  engineers  of  the  Government,  of  the  provinces,  and  of  the 
counties,  as  well  as  those  representing  private  interests,  must  be  free, 
and  even  encouraged  in  sj)ecial  cases,  to  make  studies  and  propose 
methods  for  making  the  best  use  of  water  power. 

3.  The  power  of  concession  must  belong  to  the  State  [that  is,  the 
National  Government],  which  alone  is  able  to  combine  all  available 
information  and  to  settle  difficulties  arising  among  opposing  interests. 
Such  power  should  be  exercised  irrespective  of  all  financial  influences, 
in  the  sole  effort  to  derive  from  the  exploitation  of  public  resources 
the  greatest  possible  amount  of  benefit.  When  there  is  no  general 
public  interest  that  would  be  damaged  thereby,  concessions  shall  be 
granted,  with  or  without  a  clause  of  retrocession,  in  the  following 
order  of  preference:  First,  to  the  province;  second,  to  the  county; 
and  third,  to  a  company  making  application  therefor. 

4.  The  duration  of  a  concession  shall  be  limited  to  the  shortest  pos- 
sible term,  in  order  that  any  mistakes  or  defects  in  the  regulations 
may  be  corrected  and  that  changes  may  be  made  to  conform  to 
changes  in  conditions.  Among  such  possible  modifications,  the  most 
important  will  undoubtedly  be  the  adoption  of  electric  traction  by 
large  railway  systems. 

5.  Tlie  acknowledgment  of  special  rights  of  any  person  or  privi- 
leges in  water  powers  should  be  guarded  against.  Neither  the  ex- 
clusive right,  granted  provisionally  in  France  to  riparian  owners  or 
to  intermediaries  to  whom  such  owners  have  conceded  their  rights, 
nor  the  right  of  prior  application,  recognized  in  Italy,  subject  only 
to  the  higher  interest  of  the  Government,  is  an  acceptable  standard. 
The  highest  duty  of  the  Government  in  the  matter  of  water  power, 
as  in  the  matter  of  railroads  and  street  railways,  is  to  follow  that 
course  which  will  give  to  the  public  in  general,  and  especially  to  the 
neighboring  populations,  the  greatest  advantages. 

T]»P  f»hief  characteristics  of  such  legislation  as  we  believe  desir- 
ng  been  outlined,  it  now  remains  for  us  to  study  the  matter 
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in  detail  and  to  formulate  the  precise  language.  Before  doing  so,  it 
will  be  useful  to  analyze  and  set  forth  certain  characteristic  points  in 
Italian  and  Swiss  legislation. 

ITALIAN  LEGISLATION. 

CLASSIFICATION  OF  WATERS. 

Industrial  diversions,  like  those  for  agricultural  purposes,  are 
regulated  in  Italy  by  the  organic  law  of  August  10,  1884,  regulating 
the  diversion  of  public  waters.** 

First  let  us  consider  the  designation  ''  public  waters."  Are  all 
the  natural  watercourses,  even  the  very  small  ones,  covered  by  this 
law?  This  appears  not  to  be  so,  because  article  '25  provides  for  a 
^  classification  "  of  the  ''  public  waters  "  of  the  nation.^  Nevertheless, 
it  would  appear  proper  that  this  term  should  comprehend  all  large 
watercourses  that  are  susceptible,  by  reason  of  the  volume  of  their 
waters  or  the  extent  of  their  courses,  of  serving  public  purposes. 
This,  of  course,  includes  lakes  and  watercourses  made  navigable  or 
improved  by  national  subsidies.  Such  waters  are  subject  to  the  con- 
trol of  the  sovereign,  while  the  other  watercourses  come  under  that  of 
the  prefect.  There  is  disagreement  among  the  lawyers  as  to  the 
classification  of  "  public  waters,"  and  also  as  to  the  nature  and  im- 
portance of  the  domain  rights  of  the  nation.  According  to  some,  the 
public  waters  are  a  part  of  the  public  domain;  and,  according  to 
others,  they  are  a  part  of  the  private  domain  of  the  nation.  (See 
Pacelli,  Francesco,  Le  acque  pubbliche:  Report  of  the  commission 
created  by  decree  of  August  16,  1898.) 

For  the  diversion  of  "  public  waters "  a  "  concession  "  from  the 
Govenunent  is  required,  such  concession  being  granted  in  virtue  of 
the  payment  of  rent  (article  1). 

DISTINCnON  BETWEEN  "  CONCESSION  "  AND  "  AUTHOBIZATION." 

It  is  interesting,  in  connection  with  article  1,  to  note  a  passage 
from  the  work  of  M.  Pacelli,  cited  above,  which  compares  the  French 
and  Italian  legislation  and  treats  of  the  distinction  to  be  made  be- 
tween the  "  authorization  "  of  the  French  system  and  the  "  conces- 
sion "  of  the  Italian  system: 

140.  There  has  been  formulated  In  France,  specifically  In  the  matter  of  public 
waters,  an  Important  distinction  developed  in  Italy  within  recent  years  in  an 
able  monograph  by  RanellettI — the  distinction  between  a   concession  and  an 

•A  French  translation  of  this  law  \h  Insortod  In  the  DuUctln  de  Thydraullque  aprlcole, 
ft.  6.  p.  126. 

*Tho  attUnde  of  the  Italian  adminlHtration  concerning  the  execution  of  this  liRt  Is  set 
rorth  in  a  circular  of  the  miniBter  of  public  works  of  February  C,  18H8,  in  which  Is  accepted 
*h^  theory  that  very  small  watercourses  are  not  a  part  of  the  public  domain. 
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lfi\*m  Vj  tbe  tr/sy*-^*:  xjLAiir  a  !*»-«■  r-zLT — ft  rim  wijri  bip  cas  acq:;ire  uoly  by 
siP-kUiZ  UfT  It,  Tu^f  -a"»-r  •>•"•«-.  2*^  -i^  »  *:-~>t  .itf  •^--  -^•:  t  *«  a  r"-anlian ;  it 
eof^4id>  in  mv/f  :lz  <«r!a:i  </»ra  -**  :5  tii^  w^ay  -^  icirate  »-:iiTity :  it  permits 
tb^  ♦'X*T'r;*r  of  a  nztt  tia*  *al<»^i  ia  *r-*«<!:.:.rr-»-  ;crn-<is  to  thr  a[4*;icatHjii-* 
TLi»  A.f^.'.y-*..*/^  wa*  xla  ^  izi  Fr£>V  f-r  Tii^  ;-zr7*«***  ^rf  rcr'^fH.iax  tbe  civil 
i-^nUi  m.\u  i\j0f  a'Ji.-l:--«?ra"-*»-  I*-r".''-t'l-'-  r*--»'lT*»  tv  tij»-  wat«-rfi.  It  has  been 
♦rj;i'-a^'>5l  ttjit  '1*^?  a  vi>:*rTza':"Ei  1*  *--t^  .f*^t  f«*r  rr<LLivisiV^  watrtvinirses* 
wb^Te  iLe  r;,'arl^D  '^-Lier*  ba^^  a  nr:.:  -"f  -siz*-  ir.  rirtnr  *iC  anicie  <M4  <rf  tbe 
r^^Vf  r>f  >:a;</j«A,  aLi^l  iLat  a  ct^.'*-^*';-*:.  zf^  re^j-Iried  f'.e  navi^bie  watercoarwss. 
irtii'rti  are  «:j«r»-*;y  eieiLj^fJ  fn*jj  Lbe  ;-r»»il>:'"Cjt  <if  tLai  artioie.  Tbis  dis- 
ti'^^i'KL,  a'<*7^#^  a-a>«<  nr-^t^-n&.T.  •  •  •  wa*  a:^-!:*^  in  Belziam  in  the 
iaw  of  Majr  7.  l^^TT,  r^'j'i^e  to  r.-<-*jr;si*'>  waT»-n.r-::i>*:aL     •     •     • 

1-IL  In  Va.\j  tLe  «ll»t;i>'t:"n  U-Tw**-ii  (.'■<...'es^:-<:<  a-d  a<2tbi»ri2ati*»ns  in  the 
Uxaf*^  '/f  fiivlal  <K'£x^:n  i*  aiX'*-!^*^  bj  !!-.•««?  wi#»  ♦-L«J%«r»^  to  nT>»Doile  article 
TjtV,  t4  tij^  ci-.i;  c^J*?  with  the  law  reiarii^  t«»  i'"J*.:c  w**rk5:  thej-  couteod  that 
a  *':*fMf-tn¥^',*0ix  i*  D*-<'*-«*a ry  in  the  <^tJ^^  of  ^i^«*^s  aijd  t*»rTviitial  Urfie*  of  water, 
a'yj  that  aa  a'iTlyTlzati'io  is*  jtuffi'-ient  f<»r  the  otL*T  waten^^urses  of  less  im- 
l^/rtafi'*'.  In  %ny  t}\*\\i\*nu  eotitetnliiiZ  that  a  ci^iLj'Me  <*-oraii*:>n  must  be  main- 
La  j;j^  U^i»f<-ri  the  waters  resmlated  by  the  civi!  o«de  aad  those  re^nilated  by 
a'Ji/Jiii*«tratne  law**,  the  dL«tiiKtii<i  is  in»t  a !•; 'Ik-able  in  Italy  to  the  matter  of 
j»»;b  j'r  « a  tern.  A^x^»n):njr  to  my  jiidzroetit,  tlie  fiiCt  of  beius  an  owner  of  the 
f/ankj*  of  a  public  watHrc<»un**,  lanre  or  suiall.  implies  ih>  rijrht  of  tiaage,  aiMl  I 
*tnitt^ul  that  artk-Ie  TA^l  of  the  cmle  apfuiH*  merely  to  small  iirivate  water- 
rf-r/urweH.  A  (tfW^'ivhm  will  th«-ii  alway:<  he  netvssary  tr»  vest  In  an  appni*ant  a 
rjjfht  of  u«a;se,  in  which  he  previously  had  im»  interest  other  than  the  inje^ibility 
of  pr'^'uririK  it  by  ap|»ii<-ati*m. 

After  tlii-?  tlnHiretical  <ligT<*s-ion.  we  will  now  return  to  the  aiialy?^is 
of  tlie  law  of  l^<4. 

AHALTSIS  OF  THE  LAW  OF  AUGUST   10.    1884. 

Tlie  pafK*i>  of  the  conce»ion  fix  the  quantity  of  water  to  lie  di- 
verted,  the  conditions  of  diversion,  withdrawal,  use,  and  restoration 
of  the  waters,  the  n»ntal,  etc.:  they  also  stipulate  the  requisite  guar- 
anties in  favor  of  agriculture,  industry',  or  public  health.  They  fix 
the  jK*ri(Kl  within  which  the  water  must  be  diverted  and  used,  under 
fM»nalty  of  forfeiture.     (Article  4.) 

A  concession  can  not  l>e  granted  for  a  period  in  excess  of  thirty 
years,  but  it  is  renewable  in  favor  of  the  first  concessionnaire  for  new 
IX'rifxls  of  thirty  years  unless  he,  in  the  opinion  of  the  achninistration, 
has  attained  the  purpose  for  which  the  concession  was  granted  to 
hiub     (Article  5.) 

The  concessionnaire  is  at  lilx»rty,  under  certain  conditions,  to  change 
the  i)ur\H)Ht  and  cHpiipnient  of  his  plant.    (Articles  G  and  7.) 

•  Kollowlrifc  that  theory,  tin*  nysU^m  of  autborizatloDS  or  permits  should  not  be  applied 

In  Vnttiif  tit  JncliiMfrlnl  iUvcrnUynn,  Hinco  tho  legislature  refused  expressly  to  recognize  In 

Jhi*  rlr»nr)ttn  ^mn'TH  any  rlt'lit  to  "  the  falls  of  water."     We  have,  on  the  other  band«  long 

InnlHf«'»l  im  the  IneonvenlenceH  arising  from  the  creation  of  a  right  by  means  of  a  simple 

u  or  pertuUhloo. 
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Formal  official  instructions  relative  to  concessions  are  regulated  by 
articles  8  and  9.  Certain  prescriptions  relative  to  security,  closing 
of  gates  in  times  of  floods,  etc.,  are  treated  in  articles  10,  11,  and  12. 

If,  during  the  period  of  the  concession,  the  regimen  of  the  water- 
course is  changed  in  the  public  interest,  the  nation  is  not  held  to  any 
indemnity  in  favor  of  the  concessionnaire,  who  in  such  event  has  a 
right  merely  to  a  proportionate  reduction  in  or  cancellation  of  rental. 
(Article  13.) 

*Vrticle  14  fixes  the  rental — 3  francs  (about  55  cents)  per  horse- 
power in  industrial  diversions.  Articles  15  to  19  prescribe  certain 
exemptions  or  certain  details  of  collection  of  taxes.  Articles  20  to  24 
establish  agreement  with  other  laws. 

Article  25  relates  to  the  making  up  of  the  ''schedules  of  public 
waters"  previously  mentioned. 

Articles  26  and  27  relate  to  the  making  up  of  a  register  of  ''  diver- 
sions of  public  waters,"  compiled  from  the  "declarations"  of  inter- 
ested parties. 

Article  28  provides  that  the  details  of  the  execution  of  the  law 
>hall  be  determined  by  a  public  administrative  regulation. 

PUBLIC  ADMINISTBATIVE  BEGULATION  OF  NOVEMBEB  26,    1893. 

In  execution  of  article  28  of  the  law  of  August  10,  1884,  the  first 
public  administrative  regulation  was  promulgated  on  November  9, 
1885;  but  it  quickly  became  insufficient  and  was  replaced  by  a  more 
complete  and  modem  regulation  November  26, 1893.  This  new  regu- 
lation added  to  the  law  two  new  principles  which  had  not  previously 
l)een  recognized  and  which  were  rendered  necessary  by  the  zeal  of 
speculation  brought  about  by  profitable  water-power  developments — 
(1)  the  principle  of  preference  in  favor  of  the  first  applicant  for 
c*oncession  in  cases  where  concurrent  applications  technically  can  not 
coexist  (article  8)-;  (2)  the  principle  of  the  higher  rights  of  the 
nation,  which  may,  in  the  consideration  of  public  interest,  either  op- 
pose an  individual  application  (article  7)  or  accord  the  preference  to 
one  of  the  later  applications  among  a  number  of  concurrent  applica- 
tions, in  derogation  of  the  principle  first  established. 

CntCULAB  OF  JUNE   17,   1898. 

The  interpretation  of  these  two  principles  and  their  application  by 
Gen.  Afan  de  Rivera,  minister  of  public  works,  in  his  celebrated 
circular  of  June  17,  1898,  in  which  he  charged  all  prefects,  engineers, 
etc,  to  deny  all  applications  for  powers  that  might  be  utilized  for 
electric  traction  on  the  large  railroads,  aroused  and  still  arouses 
lively  discussion  in  the  technical  and  industrial  world  of  Italy.  The 
directors  of  the  Compagnie  fermiere  du  grand  reseau  de  I'Adriatique 
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entered  into  a  vigorous  controversy  with  General  De  Rivera  on  cer- 
tain technical  questions  in  the  Xuova  Antologia  of  June  15  and 
August  1,  1898.  They  seemed,  however,  to  share  his  opinion  as  to 
the  necessity  of  preventing  a  monopoly  of  water  powers,  in  view  of 
the  adoption  of  electric  traction,  and  as  to  the  importance  of  electric 
traction  for  mountain  lines  with  small  traffic. 

BEVISION  OF  THE  LAW  OF  AUGUST   10,   1884. 

In  response  to  various  expressions  of  dissatisfaction  a  decree  of 
August  IC,  1808,  named  a  commission  for  the  purpose  of  reforming 
the  law  of  1884.     The  terms  of  this  decree  are  as  follows: 

(a)  To  establish  rules  and  limitations  of  concession  for  diversions 
of  public  waters,  either  for  electric  traction  of  railways  or  for  other 
industrial  and  agricultural  purposes  of  no  less  importance  in  the 
social  economy. 

(h)  To  devise  administrative  regulations  for  the  prevention  of 
speculation  and  monopolies  and  changes  in  the  objects  of  concessions 
granted. 

(c)  To  formulate,  in  the  spirit  indicated  in  i,  modifications  that 
might  desirably  be  incorporated  into  the  laws  and  regulations  in 
force. 

SCOPE  OF  THE  PBOPOSED  NEW  LAW. 

The  new  text  proposed  by  this  commission  introduced  into  the 
law  many  of  the  regulatitms  of  1803  and,  more  particularly,  the  two 
principles  already  mentioned  (pp.  40,  47),  which  are  fully  explained 
and  commented  on.  It  modifies,  moreover,  the  competency,  nature, 
and  method  of  renewal  of  conceasions,  the  determination  of  rentals, 
and  certain  details  of  administrative  proceduiT,  which  are  of  no 
special  interest,  except  in  connection  with  the  Italian  administrative 
organization,  which  is  slightly  different  from  the  French. 

Below  are  given  explanatory  sunmiaries  of  each  of  these  points: 
1.  Principle  of  preference  in  favor  of  first  applicant.     This  prin- 
ciple, supported  by  article  0  of  the  regulaticm  of  1898,  is  retained  in 
almost  the  same  terms  in  article  5  of  the  proposed  law : 

Whenever  two  or  more  applications  are  made,  in  the  i>roscTil>ed  form,  for 
aU  or  a  part  of  the  same  concession,  and  the  several  Interests  represented  can 
not  aU  be  served  iu  common,  concession  shall  be  granted  to  the  ap|)ncatiou  first 
presented. 

This  rule  is  subject  to  derogation  when  predominating  i)ubHc  interests  mili- 
tate iu  favor  of  some  Uiter  ai>i)lication,  presented  less  than  a  month  after  the 
expiration  of  the  term  uameil  in  the  decrix*  of  publication  of  the  first  appli- 
cation. 

The  reasons  brought  forward  must  be  submitted  to  the  examination  of  the 
administration  and  to  committees  appointed  to  give  advice  on  appUcatious  for 
concession. 
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2.  Principle  of  according  priority  to  the  interests  of  the  nation. 
The  application  of  this  principle  is  regulated  by  article  3  of  the 
proposed  law,  as  follows : 

Whenever  appHcation  is  made  for  concession  for  a  diversion  of  the  first 
elass,  consideration  thereof  sliall  be  preceded  by  an  examination  by  a  perma- 
oent  special  commission,  to  determine  whether.  irre8i)ective  of  the  application 
in  hand,  any  legitimate  public  interest  or  any  present  or  future  need  of  the 
oatioD  interferes  with  the  granting  of  a  concession.  This  commission  is 
appointed  at  the  beginning  of  each  year,  from  members  of  the  higher  board  of 
pablic  works,  of  the  high  committee  on  tariffs,  of  representatives,  of  the  high 
legal  counsel  of  the  treasury,  and  of  ministers  of  public  works,  of  finances,  of 
agriculture,  of  industry,  and  of  commerce,  as  well  as  of  the  war  and  navy.  If 
the  decision  of  said  commission  is  favorable,  the  examination  of  the  applica- 
tion in  the  regular  manner  immediately  follows.  If  the  decision  is  unfavor- 
able, the  minister  of  public  works  shall,  after  consultation  with  the  higher 
council  and  the  council  of  state,  render  a  decree  deciding  whether  the  examina- 
tion of  the  application  shall  proceed.  By  means  of  such  a  decree,  the  minister 
can,  if  necessary,  ultimately  prevent  all  concessions  to  individuals  in  a  certain 
river  basin,  section,  or  lake  over  which  he  has  control. 

If,  in  the  interest  of  a  public  service,  the  nation  finds  it  desirable  to  utilize, 
or  to  reserve,  in  any  manner,  water  powers  of  one  or  another  class,  the  compe- 
tent administration,  or  a  dei)uty  named  for  that  special  purLK)se,  shall  present 
a  preliminary  plan  containing  a  technical  exposition  of  the  purposes,  nature, 
object,  and  utility  of  the  work  to  be  established  or  of  the  reservation.  This 
plan  shall  be  submitted  by  the  minister  to  the  permanent  special  commission 
aforesaid,  and  in  accordance  with  its  advice  and  that  of  the  higher  board  of 
public  works,  after  consultation  with  the  council  of  state,  he  shall  decide  by 
special  decree  the  appropriation  or  reservation  of  the  power  privileges  de- 
manded for  the  public  service.  In  case  of  a  favorable  decree,  all  individual 
demands  that  can  not  technically  coexist,  along  with  the  project  or  the  reserva- 
tion of  the  Government,  shall  be  denied,  irrespective  of  the  state  of  advance- 
ment of  construction. 

The  decrees  of  the  minister  of  public  worlts  are  unassailable,  the  only  re- 
course against  them  being  that  provided  by  articles  12,  14,  and  24  of  the  law 
for  the  council  of  state. 

3.  Changes  in  jurisdiction.  According  to  articles  2  and  3  of  the 
law  of  1884,  jurisdiction  was  based  on  the  character  of  the  water- 
course. A  law  was  required  in  the  case  of  a  perpetual  concession,  a 
royal  decree  for  those  relating  to  lakes,  rivers,  boundary  waters, 
navigable  streams,  and  watercourses  whose  embankments  and  shores 
are  recorded  among  the  hydraulic  bodies  of  the  second  class,  while 
the  prefect  decided  in  all  other  cases.  According  to  articles  2  and  3 
of  the  proposed  law,  on  the  contrary,  the  jurisdiction  depends  on  the 
importance  of  the  diversions,  which  are  divided  into  two  classes.  The 
first  class,  for  which  a  royal  decree  is  necessary,  corresponds  to  the 
^Marge  diversions,"  the  limits  of  which  were  fixed  by  article  1  of  the 
regulation  of  1893,  covering  specifically  all  developments  of  power 
greater  than  200  horsepower.  The  prefect  has  jurisdiction  over  all 
applications  of  the  second  class,  except  that  where  the  application 
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concerns  a  lake,  a  navigable  watercourse,  etc.,  he  obtains  authority 
from  the  minister  of  public  works. 

4.  Changes  in  character  and  conditions  of  renewal  of  concessions. 
The  principle  of  a  thirty-year  concession,  renewable  indefinitely  in 
favor  of  the  first  concessionnaire,  with  clauses  of  forfeiture  but 
without  clauses  of  redemption  or  return  to  the  nation,  is  retained  in 
the  proposed  law  as  it  was  laid  down  by  the  Italian  law,  but  with 
certain  modifications  designed  to  prevent  monopolies  or  to  obviate 
making  it  irrevocably  binding  for  all  future  time. 

In  order  to  reduce  the  chances  for  monopoly  and  speculation, 
article  1  of  the  proposed  law  stipulates: 

The  concessionnaire  of  a  public  water  diversion  can  be  authorized  by  the 
decree  of  investiture  to  form  either  a  syndicate  or  a  civil  or  commercial  com- 
pany for  the  exploitation  of  his  concession,  provided  he  remains  connected  with 
it  up  to  the  time  of  the  organization  of  the  comiMiny  and  provided  that  the 
organization  is  effected  within  a  i)erlod  of  six  months  from  the  date  at  which 
the  decree  of  investiture  went  into  effect.  It  is  forbidden,  under  penalty  of 
forfeiture,  to  transfer  to  a  third  party  a  concession  for  the  diversion  of  public 
waters  in  any  other  manner  before  such  concession  shall  have  been  entirely 
utnized. 

The  conclusion  of  the  same  article  contains  the  following  new  con- 
dition relative  to  municipal  concessions : 

Municipalities  may  reconvey  to  third  parties  the  exploitation  of  waters  vested 
in  them  for  the  benefit  of  public  service,  such  as  electric  lighting,  railway 
traction,  and  for  domestic  or  hygienic  purposes,  provided  they  follow  a  simple 
system  of  reimbursement  of  expenses  of  exploitation  over  and  above  the  interest 
and  amortization  of  capital  usetl,  to  the  total  exclusion  of  all  8i)eculatlon. 

With  reference  to  the  duration  and  the  renewal  of  concessions, 
it  may  be  observed  that  perpetual  concessions  no  longer  exist.  Arti- 
cle 5,  the  last  paragraph  only  of  which  is  new,  is  as  follows : 

Article  5.  Concessions  are  granted  for  a  period  not  exceeding  thirty  years; 
but  at  the  expiration  of  that  period  the  concessionnaire  has  the  right  to  a 
renewal  of  the  concession  for  a  second  period  of  thirty  years,  with  such  modifi- 
cations as  must  be  made  in  the  conditions  of  the  concession  by  reason  of  changes 
in  the  premises  or  regimen  of  the  stream.  The  renewal  of  the  concession  can 
be  refused,  if,  in  the  opinion  of  the  administration,  the  concessionnaire  during 
the  preceding  thirty  years,  either  through  usage  or  abuse,  has  not  fulfilled  the 
object  of  the  concession.  Renewals  after  the  expiration  of  the  second  thirty- 
year  period  are  optional  with  the  nation. 

There  is  an  additional  article,  Xo.  5J,  which  contains  an  entirely 
new  requirement,  providing  for  the  alteration  of  a  power  develop- 
ment found  defective.     This  article  reads  as  follows : 

In  order  to  better  utilize  watercourses  on  which  concessions  have  been 
granted,  such  concessions  may  be  susiiended  for  certain  periods  and  renewed 
In  favor  of  new  concesslonnalres,  under  condition  that  the  first  concessionnaire 
receive,  without  cost  or  risk,  a  quantity  of  power  or  water  equivalent  to  that 
of  his  concession,  the  rentals  and  other  obligations  stipulated  by  the  decrees  of 
investiture  remaining  the  same  for  all  concesslonnalres. 
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Finally,  article  4  of  the  proposed  law  contains  a  provision,  almost 
identical  with  a  paragraph  of  article  14  of  the  regulation  of  1893, 
which  is  very  important  in  the  gradual  development  of  large  con- 
cessions.   It  is  as  follows: 

Whenever  it  shall  occur  that  any  concesslonnaire  can  not  employ  immediately 
an  of  the  water  or  all  of  the  power  conceded  to  him,  the  conceding  authority 
can  consent  to  a  progressive  development,  subject  to  the  uniform  payment  of 
an  equitable  rent.  The  different  i)eriod8  of  progressive  utilization  shall  be  fixed 
in  the  decree  of  concession,  as  well  as  the  quantity  of  water  or  power  that  may 
be  utilized  in  each  period  and  the  corresponding  rental.  Decrees  which  do  not 
contain  such  limitations  are  rendered  void  and  must  be  renewed. 

Decrees  of  concession  shall  define,  in  conformity  with  the  regulations  adopted, 
the  periods  within  which  the  concesslonnaire  must  fulfill  the  various  condi- 
tions of  his  concession,  whether  fixed  or  gradual,  up  to  the  complete  utilization 
of  the  water  to  be  diverted.  If  these  periods  are  exceeded  without  sufficient 
cause,  the  administration  has  the  privilege  of  declaring  the  concession  for- 
feited or  of  restricting  the  quantity  of  water  or  power  actually  utilized. 

These  periods  can  not  be  extended,  except  for  the  enlargement  of  capacity 
of  the  development,  without  a  renewal  of  the  application  and  the  issue  of  new 
infitructlons. 

5.  Changes  in  assessment  of  rentals.  The  proposed  new  law  pre- 
serves the  rental  of  3  francs  (about  55  cents)  per  horsepower,  fixed 
by  law  of  1884 ;  but  it  introduces,  in  connection  with  long-distance 
transmission,  a  principle  of  reduction,  which  is  in  harmony  with  the 
news  expressed  by  the  congress  of  electricians  at  Turin  and  which 
will,  without  doubt,  be  somewhat  unacceptable  to  the  populations  of 
the  valleys  in  which  the  powers  are  located  because  it  will  favor  long- 
distance transmission  of  power,  to  the  detriment  of  local  interests. 
The  basis  of  the  reduction  is  as  follows : 

For  power  transmitted  by  means  of  electricity  to  distances  greater  than  10 
kilometers  (about  6  miles)  there  Is  granted  ui)on  the  annual  rental  of  3  francs 
per  horsepower,  a  reduction  calculated  by  multiplying  the  square  of  the  dis- 
tance expressed  In  kilometers  by  a  fixed  coefficient  of  0.001.  In  no  case  shall 
the  rental  be  reduced  to  less  than  one-half  of  1  franc  per  horsepower. 

Under  this  formula  the  minimum  reduction,  that  is  to  0.50  franc, 
will  be  attained  in  transmission  over  50  kilometers  (about  31  miles). 

6.  Power  of  expropriation.  Examination  of  the  law  of  1884  and 
its  various  provisions  has  enabled  us  to  review  the  fundamental  prin- 
ciples of  Italian  legislation  as  well  as  to  compare  it  with  French  legis- 
lation. In  order  to  complete  this  exposition  and  to  set  forth  all  the 
elements  involved  in  an  intelligent  comparison,  some  supplementary 
remarks  will  be  required. 

Although  in  Italy  the  more  formal  concession  takes  the  place  of 
the  French  permit  and  water  regulations,  the  numerous  formalities 
thereof,  which  are  fixed  with  such  detail  by  the  regulation  of  1893, 
apparently  do  not  entail  longer  delays  after  the  filing  of  the  applica- 
tion than  does  the  French  procedure.    On  the  contrary,  the  Italian 
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regulation  of  1893  permits  an  official  examination  more  rapid,  more 
compliant,  and  at  the  same  time  infinitely  more  complete,  and  it  not 
only  covers  considerations  of  drainage  and  irrigation,  but  also  advan- 
tages and  disadvantages  of  the  enterprise.  An  application  is  not 
accepted  and  examined  unless  it  is  accompanied  by  plans  and  speci- 
fications by  which  classification  (provided  by  a  supplement  to  the 
regulations  for  large  diversions  or  diversions  of  the  first  class,  article 
3  of  the  regulations)  may  be  simplified.  The  applications,  together 
with  accompanying  explanatory  documents,  are,  after  examination  by 
the  provincial  deputies,  subjected  to  individual  examination  for 
fifteen  days  by  a  prefectoral  commission  which  shall  fix  within  the 
same  period  the  time  for  visiting  the  power  site.  These  formalities 
accomplished,  the  administration  can  act  on  the  report  of  the  civil 
engineers. 

If  there  intervenes  no  consideration  of  the  higher  interests  of  the 
nation,  the  decision  can  be  rapid ;  but,  in  accordance  with  the  circular 
of  Gen.  Afan  de  Rivera,  all  applications  must  be  first  examined 
in  their  relations  to  the  present  or  future  needs  of  the  services  of 
the  nation. 

We  have  indicated  above,  in  the  citation  of  article  3  of  the  proposed 
law,  that  in  accordance  with  that  article  the  preliminary  examina- 
tion must  be  vested  in  a  mixed  permanent  commission,  without  ref- 
erence to  the  advice  of  the  various  ministers.  This  is  a  procedure 
burdened  with  complications  and  delays,  which  has  occasioned  many 
complaints  and  provoked  much  uncertainty. 

One  real  advantage  of  the  Italian  legislation  is  that,  while  it  pro- 
tects specifically  the  interests  of  third  parties  by  granting  them  all 
opportunity  to  be  heard  and  by  providing  for  all  needful  examina- 
tions, it  grants  to  the  concessionnaires  the  right  of  availing  themselves 
of  the  law  of  June  25,  1865,  concerning  expropriation,  and  even  stip- 
ulates that  the  individual  inquiry  shall  serve  equally  for  the  declara- 
tion of  public  utility  of  the  enterprise  (last  paragraphs  of  article  1 
of  the  regulation  of  November  26,  1893).  In  conclusion,  it  is  re- 
markable that  the  number  of  cases  in  which  it  has  been  necessary  to 
have  recourse  to  expropriation  has  been  very  small. 

SWISS   LEGISLATION. 

Each  of  the  twenty-five  Cantons  of  Switzerland  has  its  special  leg- 
islation or  simple  jurisdiction  over  the  waters  within  its  boundaries, 
and  the  cantonal  authorities,  without  interference  from  the  Federal 
Government,  regulate  the  use  of  water  powers  in  their  own  way  and 
in  accordance  with  divers  principles.  To  examine  and  compare  them 
all  would  be  an  extremely  laborious  task.  Fortunately,  at  a  recent 
period  and  in  connection  with  circumstances  that  we  will  explain, 
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this  work  of  inquiry,* compilation,  and  comparison  has  already  been 
undertaken  and  well  carried  out  under  the  care  of  the  federal  admin- 
istration. 

INQTIIBY  INTO  EXPEDIENCY  OF  WATEB-POWER  BEFOBMS. 

In  April,  1891,  the  Swiss  society  "  Frei  Land "  issued  a  petition 
demanding  the  insertion  of  the  following  clause  in  the  Federal  Con- 
stitution : 

All  the  water  i)owers  of  Switzerland  not  yet  utilized  are  the  property  of  the 
CV>nfederation.  A  federal  law  shall  regulate  all  that  concerns  the  application 
of  this  resource  and  the  distribution  of  the  net  l)eneflt  produced  by  It. 

In  order  to  procure  information  concerning  the  value  of  so  radical 
a  proposition,  the  Swiss  F'ederal  Council,  by  circular  of  September  8, 
1891,  began  an  inquiry  in  all  the  Cantons  concerning  the  extent  and 
importance  of  the  water  powers,  the  existing  laws  and  procedure  with 
reference  thereto,  and  the  expediency  of  the  reform  proposed  by  the 
Frei  Land  Society.  It  consulted  at  the  same  time  various  technical 
and  industrial  authorities,  and  finally  directed  A.  Jegher,  an  engineer 
of  Zurich,  to  study  all  the  data  assembled  as  a  result  of  such  inquiry 
and  to  formulate  therefrom  practical  deductions. 

The  conclusions  at  which  the  Federal  Council  arrived  and  which  it 
embodied  in  a  report  of  June  4,  1804,  approved  by  the  Federal  As- 
sembly April  4,  1895,  are  as  follows: 

1.  The  fpreat  majority  of  Cantons  which  possess  and  exercise  the  right  of  sov- 
ereignty over  their  watercourses  and  which  often  derive  direct  Income  there- 
from are  not  di8|)osed  to  renounce  that  right  of  sovereignty. 

2.  In  general,  the  public  interest  in  this  matter  is  safeguarded  by  the  Cantons 
according  to  the  importance  in  each  case. 

3.  The  transfer  to  the  Confederation  of  the  right  of  sovereignty  and  of  ad- 
ministration over  water  rights  would  not  aflTord  any  advantage  to  the  country 
and  would  not  present  any  source  of  new  revenue,  either  to  the  Confederation 
or  to  the  Cantons. 

4.  The  possibility  of  availing  itself  of  the  water  powers  in  the  future  could 
very  easily  be  reserved  to  the  nation  by  cantonal  legislation. 

5.  In  gimeral.  the  cantonal  authorities  are  better  able  than  the  Federal  Gov- 
ernment to  see  to  the  highest  development  and  utilization  of  water  powers, 
Iwth  from  an  economic  point  of  view  and  from  that  of  public  and  industrial 
interests. 

6.  The  Importance,  sometimes  limited,  of  the  ol)ject  in  question  and  the  secur- 
ing of  a  rational  use  of  the  various  falls,  which  is  often  difficult,  require  the  co- 
operation of  the  cantonal  authorities  si>ecially  qualified  to  protect  the  develop- 
ment of  the  local  trades  and  industries  of  the  Cantons. 

The  Federal  Council  and  the  Federal  Assembly,  by  concurrence  in 
their  conclusions,  were  of  the  opinion  that  for  the  above  reasons  the 
petition  of  the  Frei  Land  Society  should  not  be  approved. 


Digitized  by  VjOOQIC 


64  PUBLIC  UTILITY  OP  WATER  IH)WERS. 

KEFOBMS  BECOMMENDED  BY  FEDEBAX  AITTHOBITIES. 

After  the  conclusion  of  the  important  inquiry,  upon  the  motion  of 
the  Swiss  Frei  Land  Society  the  Federal  authorities,  while  deciding 
to  maintain  the  prerogatives  of  the  Cantons,  nevertheless  recognizcnl 
and  set  forth  the  need  of  establishing  a  certain  unity  in  the  laws  of 
the  Cantons.  The  need  was  expressed  for  a  certain  coordination  in 
the  matter  of  regulations  still  existing  in  favor  of  navigation,  to- 
gether with  those  defining  the  right  of  expropriation  and  prescribing 
the  procedure  to  be  followed.  It  was  recognized  that  there  should 
be  uniformity  in  the  regulations  governing  the  diversion  of  waters. 

It  was  decided  to  recommend  to  the  Cantons  that  they  incorp>orate 
into  their  laws  regulating  the  control  of  waters  the  following  prin- 
ciples ; 

1.  The  cancellation  of  prescrlptionR  relative  to  navigation,  in  so  far  as  they 
interfere  with  the  development  of  water-iK)wer  plants,  unless  said  prescriiitlons 
are  justified  by  the  actual  demands  of  trans|>ortatlon. 

2.  The  adoption  of  the  principle  that  all  progress  in  the  utUization  of  water 
power  shall  be  considered  as  of  public  utility  and  that  in  consequence  all  in- 
stallations for  iK)wer  puri>oses  can  demand  the  application  in  their  favor  of  the 
laws  relating  to  expropriation. 

3.  The  formation  of  companies  for  the  economic  improvement  of  watercourses 
utilized  by  many  manufacturers,  with  compulsory  participation  of  all  interests. 

4.  The  right  of  the  cantonal  authorities  to  investigate  the  industrial  value  of 
proi)osed  enterprises  and  to  base  their  decisions  relative  to  application  for  power 
sites  on  the  results  thereof;  also,  their  right  to  reserve  to  their  own  use  or  that 
of  an  Interested  community  any  i)ower  site;  in  case  of  such  reservation,  the 
period  which  it  shall  cover  and  the  form  of  notice  that  shall  be  given  by  the 
Canton  or  community  of  which  it  is  in  favor. 

5.  The  reservation  that,  in  case  of  damages  sustained  by  the  owners  of  water- 
power  plants  by  reason  of  Improvements  made  in  watercourses  in  the  public 
Interest,  said  owners  shall  not  be  entitled  to  indenmlty. 

6.  The  limitation  of  the  term  of  the  concession  to  a  fixed  number  of  years, 
with  clauses  of  forfeiture  in  cases  of  nonutilizatlon,  or  of  redemption  by  the 
Canton. 

7.  The  establishment  of  a  cantonal  register  of  the  water  regulations,  following 
uniform  standards  for  the  entire  Conftnleratlon. 

With  reference  to  intercantonal  relations,  the  council  of  state  was 
of  the  opinion  that  the  Confederation  should  have  the  right  of 
intervening  in  ail  cases  where  the  operation  of  a  water  power  in- 
volved two  or  more  Cantons,  upon  application  from  one  of  the  Can- 
tons or  from  the  applicant  for  concession.  Intercantonal  relations 
must  be  regulated  l)y  federal  law.  Federal  law  or  regulations  must 
also  apply  to  questions  of  public  security  as  affected  by  the  construc- 
tions and  electric  conduits  of  high  tension. 

Finally,  the  report  of  June  4,  1894,  is  concluded  with  a  proposal 
relative  to  the  estal)lishment  of  a  complete  and  exact  statistical  record 
of  water  powers. 
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It  will  be  seen  that  in  Switzerland  respect  for  the  prerogatives  of 
the  Cantons  and  communes  has  not  hindered  the  nation  from  en- 
deavoring to  exercise  its  beneficial  influence  in  all  legitimate  ways. 

DIFFICULTIES  INVOLVED  IN  ELECTRIC  TBACTION  OF  BAILBOADS. 

The  federal  authorities  have  acted  only  by  giving  advice.  Will 
they  never  feel  the  necessity  for  more  eifective  intervention?  A  very 
serious  difficulty  will,  without  doubt,  spring  up.  The  Swiss  Con- 
federation has  redeemed  all  the  railroads  in  general  public  use,  and 
will  take  over  the  direct  operation  thereof  within  two  years.  How 
will  Switzerland  solve  tlie  problem  that  has  so  passionately  agitated 
Italy,  and  reserve  to  itself  the  water  powers  necessary  to  the  electric 
traction  of  its  large  railroads?  There  is  nothing  to  indicate  the 
manner  in  which  the  problem  is  to  be  approached  and  solved,  whether 
by  friendly  agreement  between  the  Confederation  and  the  Cantons 
or  by  the  passage  of  federal  laws.  It  is  clear  that,  before  committing 
itself,  the  Federal  Government  is  endeavoring  to  procure  all  neces- 
sary information.  The  important  statistical  work  of  the  Swiss  hydro- 
metric  service  will  probably  have  as  its  principal  purpose  the  fur- 
nishing of  precise  data  on  this  subject.  The  Federal  Assembly,  at 
its  session  of  December,  1898,  took  the  first  step.  It  invited  the 
Federal  Council  to  present  a  report  on  the  question  of  whether  the 
nation  should  not  secure  for  itself  the  powers  furnished  by  water- 
courses of  constant  flow,  favorably  situated  for  use  in  the  develop- 
ment of  the  railroads  of  the  nation. 

In  what  way  has  each  of  the  Swiss  Cantons,  since  the  inquiry  of 
1891,  modified  its  standards  and  laws,  either  to  accommodate  them 
to  the  new  demands  of  hydro-electric  industries  or  in  consideration 
of  the  advice  of  federal  authorities?  We  are  not  yet  completely  in- 
formed in  the  matter,  our  investigations  so  far  having  covered  only 
a  small  number  of  Cantons.  It  appears  that  there  is  a  very  marked 
tendency  to  imitate  the  example  of  Geneva,  which  is  very  encourag- 
ing. Everywhere  the  Cantons  and  communes  are  studying  the  matter 
of  developing  and  exploiting  to  their  advantage  the  vast  enterprises 
of  power  distribution.  We  will  cite  the  Canton  of  Vaud,  which  is 
trying  to  bring  to  Lausanne  power  from  the  upper  Khone;  that  of 
Fribourg,  which  has  decided  to  create  a  distribution  system  to  be 
served  by  the  powers  of  Montbovon  and  Hauterive;  that  of  Zurich, 
which,  after  having  settled,  through  the  federal  tribunal,  its  difficulty 
with  SchaflFhausen  relative  to  the  utilization  of  the  Rhine,  proposed 
to  establish  on  that  river  four  plants  of  25,000  horsepower,  from 
which  it  will  distribute  power  within  all  the  centers  of  commerce 
and  industry. 
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In  this  connection  it  may  be  said  that,  by  reason  of  their  adminis- 
trative precedents,  the  Swiss  people  have  been  accustomed  for  a  long 
time  to  the  idea  of  their  Cantons  and  communes  embarking  in  in- 
dustrial enterprises,  as  is  indicated  by  the  form  adopted  for  their 
encouragement  of  public-utility  enterprises.  The  Canton  of  Berne, 
for  example,  has  aided  its  railroads  by  taking  their  stock,  and  the 
grand  council  announced  to  the  people  of  Berne  in  a  message  of 
January  28, 1897,  that  the  nation  had  recovered,  without  any  loss,  the 
fifty  millions  that  it  had  invested  in  the  construction  of  the  first  rail- 
road system,  and  that  it  proposed  to  cooperate  in  like  manner  in  the 
establishment  of  the  second  system  by  taking  stock  to  the  extent  of  40 
per  cent  and  for  some  lines  even  60  per  cent  of  the  capital  required 
in  first  construction.  From  the  results  first  obtained,  it  is  hoped  that 
the  hydro-electric  enterprises  for  distribution  of  power  may  prove 
even  more  advantageous  to  cantonal  and  municipal  financial  invest- 
ments than  have  the  railroad  enterprises. 

WATEB-POWEB  CONCESSIONS  IN  CANTON   OF  BEBNE. 

In  the  Canton  of  Berne  a  large  number  of  concessions  for  water- 
power  developments  have  been  granted  to  groups  of  communities,  as 
for  example,  the  company  at  Hagneck,  composed  of  the  towns  of 
Nidan,  Tauffelen-Geriafingen,  Hagneck,  Bienne,  Cerlier,  and  Neuve- 
ville;  and  that  at  Wangen,  composed  of  the  towns  of  Wangen,  Wied- 
lisbach,  Walliswil-Wangen,  Walliswil-Bipp,  Berken,  Bannwil,  and 
Graben.  Many  more  might  be  cited.  But,  in  the  absence  of  mu- 
nicipal activity,  private  initiative  has  also  taken  part  in  the  develop- 
ment of  water  powers.  The  following  quotation  indicates  the  attitude 
of  the  executive  council  in  the  matter  : 

We  consider  that  it  is  the  communes  on  which  the  law  imposes  the  obligation 
of  establishment  and  maintaining  dikes  and  dams,  and  who  for  years  and  for 
centuries  have  had  to  bear  the  expense  of  maintaining  the  banks  and  protection 
'works,  without  taking  into  consideration  the  great  damage  to  which  they  are 
often  subject  on  account  of  inundations,  who  should  profit  by  the  wealth  that 
lies  in  the  utilization  of  water  i>owers.  They  have  the  first  right  to  obtain  eon- 
cessions,  and  the  undersigned  [M.  Dinkelmann,  director  of  public  works,  Octo- 
ber, 1891]  misses  no  opiwrtunlty  to  call  the  attention  of  the  representatives  of  the 
community  authorities  to  this  fact.  All  demands  for  concessions  must  be  pub- 
lished and  the  8i>ecifications  filed  in  the  i>ro|)er  communes.  The  authorities  of 
the  commune  can  oppose  them  and  can  intervene  as  applicant  and  thus  secure 
by  cheap  water  power  the  means  of  sustaining  and  Improving  their  industries. 
It  is  thus  our  purpose  to  have  the  country  itself  profit  by  the  water  powers 
located. 

It  for  any  reason,  the  commune  can  not  or  does  not  wish  to  take  the  matter 
into  its  own  hands,  it  seems  to  us  that  it  will  be  the  duty  of  the  nation  to  see 
that  the  country  is  not  completely  deprived  of  its  water  powers  and  to  arrange 
that  the  commune  can  have,  at  net  cost,  the  use  of  at  least  enough  water  power  for 
public-utility  works,  electric  lighting,  distribution  of  water,  etc.  We  recommend 
the  regular  insertion  of  such  a  condition  In  concessions  of  this  class. 
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This  definition  of  position  is  an  extract  from  a  voluminous  report, 
ratified  by  the  executive  council  and  by  the  grand  council  of  the 
Canton  of  Berne,  having  for  its  object  the  examination  of  conces- 
sions for  water  powers,  following  the  federal  inquiry  brought  about 
by  the  petition  of  the  Frei  Land  Society. 

The  report  demonstrates  first  and  foremost  that  the  right  con- 
ferred by  the  law  of  Berne  '^  in  the  matter  of  the  utilization  of  water- 
courses presents  many  deficiencies  and  is  very  defective,"  and  that  until 
a  new  law  is  promulgated  it  will  be  necessary  to  seek  improvement 
in  the  limits  of  existing  legislation.  Finally,  it  proposes  a  formula 
for  concessions  which  seems  to  have  the  proper  precautions  and 
clearness.  This  formula  will  be  followed  until  the  situation  is  a 
little  clearer  and  until  there  shall  be  formulated,  with  the  cooperation 
of  jurists  and  technical  experts,  a  comprehensive  law. 

The  formula  in  question  provides  certain  rules  in  the  matter  of 
filing  of  application,  examination  and  approval  of  projects,  assign- 
ments, and  modifications,  concerning  which  no  comment  need  be  made. 
It  also  includes,  "however,  two  articles  which  it  will  be  well  to  cite 
in  full: 

Aet.  13.  If  future  laws  sbaU  confer  upon  the  nation  a  monopoly  of  the  utiliza- 
tion of  water  powers  or  of  their  transmission  by  electricity',  compressed  air,  etc., 
or  if  the  nation  or  the  communes  shall  find  need,  in  connection  with  their  public 
services,  for  water  powers  that  have  been  conceded,  any  existing  authorization 
may  be  withdrawn  without  indemnity  in  case  the  articles  of  concession  do  not 
formally  guarantee  indemnity;  likewise,  except  In  such  case  as  above  men- 
tioned, the  concessionnaire  has  no  right  to  indemnity  when  changes  made  In 
watercourses  In  the  public  interest  no  longer  permit  him  to  use  the  water  for 
his  power  plant. 

Art.  14.  If  future  laws  shall  limit  the  term  of  concessions  of  this  class  or 
shall  exact  si)eclfic  rentals  for  the  utilization  of  water  powers,  such  new  require- 
ments shall  also  he  declared  applicable  to  concessions  now  existing. 

With  these  two  clauses  inserted  in  all  articles  of  concession,  the 
cantonal  authorities  of  Berne  may  look  forward  with  tranquility 
to  a  revision  of  existing  laws.  Upon  reflection,  it  will  be  seen  that 
these  clauses  are  not  so  drastic  as  they  would  at  first  appear.  The 
laws  that  shall  be  promulgated,  even  the  taxes  that  shall  be  imposed 
(the  report  of  M.  Dinkehnann  refers  to  taxes),  could  not  be  too  severe 
in  effect  so  long  as  they,  permit  the  development  of  powers  not 
theretofore  utilized.  In  retrospectively  applying  these  laws  and  taxes 
to  enterprises  already  developed,  one  may  be  certain  that  such  enter- 
prises will  not  be  crushed,  for,  in  the  first  place,  they  will  have  passed 
through  the  first  years  of  development,  and,  in  the  second  place, 
the  waterfalls  first  developed  are  naturally  the  most  economical. 
Concession naires  who  accept  such  regulations  in  advance  of  their 
promulgation  are  not,  in  reality,  imprudent.  They  will  even  have 
certain  advantages  over  their  future  competitors,  because  generally 
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they  will  be  in  better  position  to  bear  the  obligations  imposed  by 
the  communes. 

The  formula  drawn  up  and  approved  in  1891  has  been  applied  in 
the  Canton  of  Berne  to  numerous  commune  or  private  concessions. 
We  will  cite  especially  the  concession  of  power  on  the  Kander  at 
Spiez  (Thun  Lake).  That  concession  is  of  2,500  horsepower;  the 
head  is  G4  meters  (210  feet);  the  flow  about  4  cubic  met^^  (142 
cubic  feet) ;  the  pipes  can  carry  a  maximum  flow  of  8  cubic  meters 
(284  cubic  feet).  The  power  will  be  developed  by  the  Motor  Com- 
pany of  Baden  and  will  be  used  especially  on  the  railroad  now 
under  construction  from  Thun  to  Bugdorf.  The  concession  act,  ap- 
proved May  C),  1804,  includes  articles  13  and  14  quoted  and  dis- 
cussed above.  It  contains  in  addition  clauses  of  forfeiture  in  case 
of  nonexecution  of  the  projects  or  of  nonutilization  of  the  water, 
and  a  reservation  in  favor  of  the  towns  of  Wimmis  and  Spiez  of  a 
right  to  the  use  of  200  horsepower  and  800  horsepower,  respectively, 
at  the  turbine  shaft,  at  charges  equivalent  to  net  cost.  This  right 
fails  if  advantage  is  not  taken  of  it  within  a  period  of  five  years. 

FLEXIBILITY  OF  CANTONAL  LAWS. 

We  can  not  review  with  the  same  detail  all  modifications  in  regu- 
lations adopted  by  the  other  Cantons  following  the  inquiry  of  1891, 
although  it  would  l>e  a  very  interesting  study  on  account  of  the  great 
variety  in  the  procedures  adopted.  The  most  striking  point  is  the 
eagerness  of  the  cantonal  authorities,  as  soon  as  the  necessity  was 
made  apparent  to  them  and  without  waiting  for  the  laborious  re- 
vision of  general  laws,  to  adopt  special  laws  or  simply  regulative 
measures  for  safeguarding  in  an  effective  way  the  public  interests 
involved.  Objections  in  i)rinciple  or  even  obstacles  presented  by 
antiquated  laws  do  not  carry  much  weight  in  the  face  of  the  ac- 
complishment of  a  practical  purpose. 

The  flexibility  of  Swiss  law  is  truly  astounding.  A  few  months 
sometimes  suffices  to  procure  a  special  law  necessary  to  a  large 
enterprise  of  an  exceptional  type.  A  system  which  permits  such 
rapid  organization  merits  admiration.  We  will  cite  the  Water  Power 
Company  of  Avancon,  in  the  Canton  of 'Vaud,  which  was  created, 
organized,  and  directed  by  Professor  Palaz,  of  Lausanne,  an  eminent 
specialist  on  the  subject.  In  March,  1897,  Mr.  Palaz  called  a  meeting 
of  capitalists  for  the  purpose  of  explaining  to  them  the  object  of 
the  enterprise.  It  involved  the  development  of  1,300  to  3*000  horse- 
power over  a  r)44-foot  fall,  to  be  used  principally  for  electric  traction 
on  a  system  of  railroads  between  Bex,  Gryon,  and  Villars,  a  system 
built  and  operated  by  the  company  itself,  and  secondarily  for  the 
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distribution  of  power  to  Bex  and  vicinity.  In  April,  1897,  he  had 
secured  the  necessary  capital,  $2,302,000  (1,270,000,000  francs.)  The 
work  was  commenced  in  May,  1897 ;  the  distribution  of  power  began 
in  January,  1898;  the  first  section  of  railroad  was  opened  a  few 
months  later.  Moreover,  it  should  be  noted  that  expropriations  were 
involved.  How  enviable  are  administrative  procedures  that,  in  the 
face  of  incomplete  and  contradictory  general  legislation,  permit  such 
results. 

VACATION  IN  LEGISLATIVE  TENDENCIES  OF  THE  CANTONS. 

A  general  comparison  of  the  Swiss  Cantons  with  reference  to 
le^slation  in  the  matter  of  water  power  would  be  very  interesting. 
Some  of  them  wish  to  nationalize  or  municipalize  their  water  powers, 
while  others  wish  to  reserve  them  to  private  initiative.  It  would 
be  very  instructive,  when  the  essential  elements  of  such  a  comparison 
are  available,  to  ascertain  the  real  causes  for  the  opposing  tendencies, 
which  depend,  without  doubt,  on  economic  conditions  and  not  on 
artificial  or  superficial  currents  of  opinion.  It  would  very  probably 
be  found  that  among  the  partisans  of  nationalization  were  the  richest 
Cantons,  the  most  populous  ones,  the  greatest  industrial  centers,  those 
where  the  most  important  field  for  utilization  of  water  power  lies 
in  already  existing  enterprises.  The  development  of  power  under 
such  conditions  presents  little  industrial  risk.  On  the  contrary,  the 
j)oor  Cantons,  where  industry  is  little  developed  and  where  water 
powers  do  not  find  such  ready  application,  without  doubt  recognize 
the  necessity  for  encouraging  private  initiative,  which  alone  can 
create  and  encourage  the  locating  of  the  necessary  industries  under 
the  mcentive  of  great  promise  of  benefits.  In  this  category  belong 
most  of  the  Departments  and  communes  of  the  French  Alps,  which 
can  not  even  hope  to  follow  the  example  of  the  rich  Swiss  Cantons 
in  the  direct  development  of  their  water  powers.  But  this  is  not 
sufficient  reason  to  prevent  their  assuming  an  important  part  in  the 
work  of  controlling  their  watercourses  by  means  of  retrocessions  to 
industries. 

SUPPLEMENTABY  NOTE. 

By  M.  ().  Leigiiton. 

Since  the  foregoing  statements  were  written  by  M.  Tavernier, 
his  predictions  relative  to  the  necessity  for  federal  intervention  in 
Switzerland  have  been  justified.  The  congress  has  completely  re- 
versed the  action  taken  in  1894  in  response  to  the  petition  of  the  Frei 
Land  Society,  and  this  reversjil  was  approved  by  an  overwhelming 
vote  of  the  people.     The   following  amendment  was  adopted  on 


Digitized  by  VjOOQIC 


60  PUBLIC  UTILITY  OP  WATER  POWERS. 

October  25,  1908,  by  a  popular  vote  of  292,997,  against  52,180   in 
opposition : 

ARTICLE  24b.  The  Federal  Congress  shaU  have  supervision  ove?*'the  de- 
velopment of  water  powers. 

The  Federal  Congress  shall  make  provision  for  the  disposition  of  water-right 
concessions,  shall  prescribe  the  terms  thereof,  and  shall  regulate  the  trans- 
mission and  distribution  of  electrical  energy  so  far  as  may  be  necessary  to 
protect  public  Interests  and  to  provide  for  the  proper  development  of  such 
resources. 

All  water  rights  to  which  the  terms  of  the  federal  law  do  not  extend  shall 
be  under  the  jurisdiction  of  the  Cantons,  which  shall  dispose  of  the  concessions, 
regulate  the  same,  and  impose  taxes  and  fees  for  their  use.  but  such  regulations, 
taxes,  and  fees  shall  not  be  so  severe  as  to  prevent  or  inhibit  the  development 
of  water  powers. 

The  National  Government  shall  regulate  and  dispose  of  concessions  for  powers 
located  on  intercantonal  and  national  boundary  streams,  and  shall  determine 
the  taxes  and  fees  to  be  imposed  thereon,  after  hearings  have  been  granted  to 
the  Cantons  interested,  but  such  taxes  and  fees  shall  be  collected  by  the  Cantons. 

No  power  developed  on  a  stream  located  within  the  Union  shall  be  trans- 
mitted to  a  foreign  country  without  the  consent  of  the  Federal  Council. 

The  provisions  of  the  federal  law  shall  apply  to  water-right  concessions 
already  existing,  except  in  cases  specifically  exempted  therefrom  by  law. 

PROPOSED  luAW  FOR  THE  REGULATION  OF  PUBLIC 
WATER-POWER  PLANTS. « 

GENEBAIi  DISCUSSION. 

In  order  to  understand  the  diflSculties  presented  in  the  utilization 
of  water  power  [in  France]  under  existing  law,  it  is  necessary  to 
distinguish  between  navigable  and  nonnavigable  watercourses. 

On  navigable  watercourses  that  are  a  part  of  the  public  domain 
the  owners  of -the  banks  have  no  rights  whatever.  The  nation  can 
grant  permits  where  it  believes  wise,  without  respect  to  any  right  of 
usage.  The  legislation  therefore  places  no  obstacle  in  the  way  of 
development  of  large  water^  powers  on  these  streams,  for  the  general 
good.  The  principal  difficulty  is  that  these  permits,  like  all  others 
granted  over  the  public  domain,  are  precarious  and  can  be  revoked 
without  indemnity.  Consequently  it  is  difficult  to  induce  capitalists 
to  engage  in  so  costly  an  enterprise. 

On  nonnavigable  watercourses  the  situation  is  entirely  different. 
The  water  is  not  domain;  it  is  res  nuUius,  and  the  riparian  owners, 
who  are  also  owners  of  the  stream  bed,  have  a  right  of  usage  in  the 
water.  They  are  permitted  to  utilize  the  fall  provided  they  do  not 
infringe  upon  the  rights  of  other  riparian  owners,  and  are  restricted 
only  by  the  administrative  permit  which  covers  police  control.     The 

« Presented  In  the  name  of  M.  I'^mile  Loubet,  President  of  the  French  Republic,  by 
M.  Pierre  Raudin,  minister  of  public  works,  and  M.  .lean  Dupuy,  minister  of  apiculture, 
to  the  commission  on  distribution  of  power.  (Extract  from  Bulletin  of  the  Society  for 
legislative  studies,  on  the  utilization  of  water  powers.) 
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riparian  owner  can  dispose  of  his  water  right,  in  which  the  non- 
riparian  owner  has  no  interest.  Nevertheless,  the  rights  of  the 
riparian  owner  apply  to  the  limits  of  his  own  property  only,  for  he 
has  to  respect  the  rights  of  his  neighbors  across  and  up  stream.  If 
in  any  development  he  has  used  the  falls  in  the  stream  above  the 
l)order  of  his  own  holdings,  and  the  upstream  owners  subsequently 
wish  to  make  use  of  their  rights,  they  may  obtain  from  the  courts  a 
ruling  that  will  deprive  him  of  a  part  of  the  power  that  he  has  been 
usiijg.  Therefore  it  is  necessary  for  those  who  wish  to  develop 
lanpr- power  plants  to  enter  into  an  agreement  with  all  the  other 
riparian  owners  who  possess  concurrent  rights.  Even  the  validity 
of  such  agreements  is  contested,  it  being  conceded  only  with  re- 
luctance that  rights  in  the  water  can  be  disposed  of  without  reference 
to  rights  in  the  land. 

This  condition  explains  the  appearance  of  water-power  site  specu- 
lators, called  "  pisteurs  "  or  "  barreurs  de  chutes,"  who  by  purchas- 
ing a  narrow  strip  of  shore  line  acquire  riparian  rights  sufficient  to 
prevent  the  establishment  of  power  plants,  in  order  to  aid  them  in 
an  effort  to  sell  such  rights  at  an  extortionate  price.  The  water 
powers  of  such  streams  are  therefore  either  in  the  hands  of  specu- 
lators or  of  small  owners  who  can  not  possibly  utilize  them  in  the 
manner  required  by  the  great  industries.  To  the  great  detriment  of 
public  interests,  the  powers  are  thereby  rendered  unavailable. 

There  is,  however,  one  case  in  which  it  is  possible  under  present 
legislation  to  utilize  the  powers  of  nonnavigable  streams  despite  all 
riparian  rights — that  is,  in  the  case  of  public  works  declared  of  pub- 
lic utility  in  the  interest  of  the  public  service.  If,  for  example,  a 
water  supply  for  a  town  is  to  be  established,  or  electric  power  for 
lighting  a  city  or  for  use  of  a  street  railway  is  to  be  installed,  a 
decree  will  be  issued  declaring  those  works  of  public  utility  and  con- 
ferring on  the  concessionnaire  the  right  to  the  necessary  power,  under 
the  limitations  and  conditions  of  the  decree,  independently  of  all 
rights  emanating  from  the  civil  code. 

The  effect  of  such  a  decree  is  to  combine  the  rights  of  the  individual 
users  into  a  common  right  to  indemnity  for  any  damages  caused  by 
the  execution  of  public  works,  there  existing,  however,  no  right  to 
indemnity  except  in  case  of  damage  actually  sustained.  A  riparian 
owner  who  has  previously  made  no  use  of  his  riparian  rights  can  not 
set  up  a  claim  for  indemnity.  Moreover,  there  is  vested  in  the  con- 
cessionnaire, as  a  result  of  the  declaration  of  public  utility,  the  right 
of  securing,  through  the  process  of  expropriation,  the  lands  necessary 
to  the  execution  of  the  works.  This  procedure  thus  permits  the 
utilization  of  a  part  of  the  watercourse  in  a  satisfactory  manner 
whenever  the  public  service  is  properly  concerned,  which  alone  can 
be  the  purpose  of  a  declaration  of  public  utility.    This  principle  can 
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not  be  applied  in  the  interest  of  one  or  of  many  great  industries,  nor 
in  the  interest  of  public  service  and  industry  combined. 

To  remedy  the  defects  of  the  present  legislation,  two  means  come 
naturally  to  mind,  both  involving  the  right  of  concession  of  the  water- 
power  sites  of  watercourses.  The  first  means  is  that  adopted  by  the 
Parliamentary  commission  charged  with  the  examination  of  the  law 
proposed  by  M.  Jouart,  reported  by  il.  Guillain.  It  consists  of  creat- 
ing a  new  right  by  declaring  the  power  plants  as  of  public  utility  in 
all  cases  where  the  interest  of  public  service  can  be  claimed,  under 
conditions  actually  demonstrated  in  evidence.  It  involves  practically 
a  concession  of  ownership  in  water  power  destined  for  private  in- 
dustries, under  the  obligation  to  reserve  water  or  power  for  eventual 
public  service.  This  would  be,  in  effect,  a  right  of  perpetual  pro- 
prietorship in  the  water  power  and  the  works  necessary  to  the  estab- 
lishment and  oi^eration  thereof,  constituting  a  *'  conceded  power 
plant,"  rather  than  a  "  power  plant  of  public  utility."  Such  a  con- 
cession would  be  very  similar  to  concessions  for  mines.  To  follow 
the  same  line  of  thought,  this  new  private  right  might  be  made  not 
a  right  of  perpetual  proprietorship  but  a  right  of  temporary  usage, 
which  after  a  certain  period  would  revert  to  the  nation. 

The  second  means  consists  of  adopting  as  a  basis  for  the  reform 
the  concession  in  regard  to  public  service  just  as  it  exists  to-day;  that 
is,  the  concession  for  public  works.  It  would  be  sufficient  to  extend 
this  to  all  cases  by  applying  it  to  private  privileges  now  existing  or 
to  be  created  in  the  future.  This  is  the  system  adopted  in  the  pro- 
posed law;  it  is  justified  by  the  following  considerations: 

1.  It  is  preferable  not  to  attack  any  of  the  general  rules  of  the  civil 
code  or  the  special  principles  of  legislation  regarding  watei's.  The 
establishment  of  a  new  water  right  might  involve  serious  difficulties, 
theoretical  as  well  as  practical.  It  will  be  better  to  adhere  to  a  legal 
l^rinciple  already  established,  defined,  and  practiced,  viz,  the  conces- 
sion for  public  works  with  amendments  necessary  to  cover  the  above- 
mentioned  needs. 

2.  It  will  be  futile  to  have  two  different  types  of  concession,  one  for 
industrial  purposes  and  the  other  for  public  works.  Standards  for 
such  will  be  difficult  to  establish,  for  in  all  cases  there  will  be  a  pos- 
sible or  prospective  public  interest  as  well  as  a  private  interest  to  be 
served  at  the  same  time.  For  the  highest  utilization  of  the  iK)wer 
this  must  always  be  so.  Sometimes  the  public  power  plant  must  turn 
over  its  surplus  to  the  private  industry;  sometimes  the  industrial 
plant  must  help  out  the  public  service.  On  the  other  hand,  the 
admission  that  a  proposed  enterprise  is  of  sufficient  general  utility 
to  merit  the  use  of  the  declaration  of  pul)lic  utility,  regjirdless  of  the 
rights  of  others,  places  an  immediate  obligation  on  the  nation  to 
reserve  unto  itself  the  right  to  impose  on  the  conoessionnaire  the 
obligation  to  develop  a  large  water  power,  destined  ultimately  for 
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public  service,  whenever  needed.  Is  it  therefore  not  right  to  hold 
that  the  power  plant  created  under  such  conditions  has^ihe  character 
of  a  public  power  plant,  permitting  the  application  to  it  of  the  system 
of  concessions  for  public  works? 

3.  This  conception  has  the  advantage  of  taking  into  consideration 
the  duration  of  the  concession,  for  it  must  of  necessity,  like  all  other 
concessions  for  public  works,  be  limited.  A  perpetual  concession  of 
ownership  would  present  grave  difficulties  in  a  case  where  the  develop- 
ment was  still  in  the  trial  stage,  where  it  would  be  hazardous  to  make 
definite  plans  for  the  future,  and  where  the  value  of  the  water  power 
might,  under  certain  economic  conditions,  be  increased  in  proportions 
impossible  to  foresee. 

4.  This  plan  permits  the  application  of  principles  that  have  already 
the  sanction  of  administrative  practice  and  of  the  law. 

The  proposed  law,  whose  general  principles  will  now  be  set  forth, 
has  been  prepared  in  pursuance  of  these  ideas,  advantage  having 
been  taken  of  all  the  provisions  of  the  project  of  the  parliamentary 
commission  that  can  be  adapted  to  the  system  of  concession. 

DISTINCTION  BETWEEN  PBIVATE  AND  PUBLIC  PLANTS. 

Private  power  plants  are  those  which  will  continue  to  be  established 
under  the  system  of  the  granting  of  a  simple  permit  in  accordance 
with  the  civil  code  and  with  present  water  laws  and  regulations. 

Public  power  plants  are  those  which  are  established  under  the  au- 
thority of  the  new  law ;  that  is,  by  means  of  concession  in  virtue  of  an 
act  declaring  them  of  public  utility.  Such  a  declaration  shall  be  made 
by  a  decree  rendered  in  accordance  with  the  decision  of  the  state  coun- 
cil, save  in  exceptional  cases,  for  which  a  special  law  is  necessary. 

Power  plants  on  ordinary  streams,  with  a  gross  capacity  of  100 
horsepower  or  more,  must  always  be  established  as  public  plants. 
In  such  cases  there  is  always  a  possibility  of  the  exploitation  of  a 
large  power,  which  overweighs  the  ordinary  considerations  in  connec- 
tion with  a  private  plant  under  present  conditions  and  which  justifies 
the  intervention  of  the  Government,  so  that  there  may  be  assured  a 
reservation  of  power  sufficient  for  the  future  needs  of  public  service. 
It  is  intended  that  this  shall  not  affect  private  powers  which  exist  at 
the  time  of  the  creation  of  the  law,  except  those  plants  whose  capacity 
the  owners  propose  to  increase. 

UNITOUMITY   IN   BEGITLATIONS   FOR   NAVIGABLE   AND   NON- 
NAVIGABLE  STREAMS. 

Legislation  with  reference  to  public  power  plants  shall  apply  to 
navigable  as  well  as  to  nonnavigable  watercourses.  The  result  of 
such  a  provision  will  be  to  avoid  the  uncertainty  that  has  existed  with 
reference  to  public  power  plants  on  navigable  watercourses.     This 
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provision  is  absolutely  necessary  to  encourage  the  establishment  of 
large  industq^,  which  can  not  with  financial  safety  risk  possible 
arbitrary  action  of  the  administration,  which  is  free  at  any  time, 
under  present  conditions,  to  revoke  the  jjermit  without  indemnity  or 
to  undertake  in  the  interests  of  navigation  works  that  might  bring 
disaster  to  the  investment.  No  inconvenience  will  result  from  put- 
ting an  end  to  the  arbitrary  control,  wjiich  is  much  more  dama^ng 
to  the  highest  development  of  natural  resources  than  it  is  profitable 
to  the  interests  of  the  public  works.  Public  water-power  plants 
should  have  the  same  guaranties  over  all  watercourses  as  those  estab- 
lished under  title  prior  to  the  year  1550  or  before  the  national  sales 
under  the  Revolution.  It  has  been  recognized  in  various  instancies 
that  the  public  domain  does  not  prevent  the  nation  from  conferring  on 
concessionnaires,  by  means  of  the  declaration  of  public  utility,  certain 
rights  the  withdrawal  or  diminution  of  which  gives  rise  to  in- 
demnity. This  principle  applies  to  concessions  for  street  railways 
over  public  roads.  What  it  is  possible  to  do  on  public-land  domain  it 
is  possible  to  do  on  public-water  domain. 

CHAKACTEB  OF  CONCESSIOK. 

1.  The  concession  is  granted  by  the  nation  in  the  interest  of  industry 
and  of  the  public  service.  It  can  be  granted  either  in  anticipation 
of  an  immediate  public  service,  with  the  privilege  of  recovery  either 
at  that  time  or  in  the  near  future;  or  for  the  use  of  one  or  more 
private  establishments,  with  reservation  of  quantities  of  water  and 
power  sufficient  to  supply  the  puTjIic  service  ultimately  to  be  created. 

2.  The  concession  covers  water  power  and  works,  lands,  and  struc- 
tures appurtenant  to  the  operation  thereof,  as  well  as  canals  designed 
for  purposes  of  drainage  or  irrigation,  which  may  be  imposed  upon 
the  concessions,  but  does  not  extend  to  the  plants  or  equipment  which 
are  erected  for  the  industrial  utilization  of  the  power  created  and 
which  are  located  at  a  distance  from  the  site.  The  separation  is  com- 
plete between  the  public  water-power  plant  and  the  transmission 
system  for  private  or  public  utilization. 

3.  The  concessionnaire  may  dispose,  as  he  sees  fit,  of  water  or  of 
power  not  immediately  appropriated  to  or  reserved  for  future  public 
service.  On  the  other  hand,  he  is  bound  to  furnish  to  present  or 
future  public  service  water  and  power  under  conditions  and  at  rates 
fixed  by  the  conditions  of  the  concession.  In  order  to  avoid  loss  of 
benefit  from  water  and  power  not  now  utilized  but  merely  reserved 
for  future  public  service,  the  law  provides  that  it  may  be  temporarily 
appropriated  to  private  industries  by  specific  contract.  The  con- 
ditions of  the  concession  prescribe  the  circumstances  under  which 
such  contracts  can  be  made  and  the  period  of  notice  which  shall  hd 
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given  when  it  becomes  necessary  to  furnish  such  power  for  the 
public  service.  It  might,  for  example,  be  advisable  to  let  contracts 
for  a  portion  of  the  power  for  a  long  period  and  for  other  portions 
for  shorter  periods,  according  to  the  probable  proportions  of  the 
future  needs  for  the  public  service. 

4.  The  construction  work  shall  be  subject  to  thfe  approval  of  the 
minister  only  in  case  public  safety  or  the  regulations  concerning 
control  of  waters  are  affected,  or  when  the  works  to  be  constructed 
shall  involve  expropriation.  In  all  other  cases  administrative  au- 
thorization is  unnecessary. 

5.  The  public  power  f>lant,  with  all  its  stationary  appurtenances, 
is  classed  as  public  domain ;  its  works  are  considered  like  those  of  the 
public  highway,  for  purposes  of  protection  against  infractions  of 
contract. 

6.  The  administration  shall  have  the  right  to  prescribe  measures 
necessary  in  the  interest  of  public  health  and  safety,  as,  for  instance, 
the  prevention  of  inundations,  and  the  concessionnaire  shall  have  no 
right  of  indemnity.  In  all  other  cases,  on  the  contrary,  if  the  meas- 
ures prescribed  or  works  constructed  (as,  for  example,  works  con- 
structed in  the  interest  of  navigation  on  navigable  streams)  result  in 
any  difficulty  whatsoever  in  the  operation  of  the  plant  the  coni^ssion- 
naire  shall  have  a  right  to  indemnity. 

METHOD  OF  GRANTING  CONCESSIONS. 

The  concession  shall  be  granted  after  the  filing  of  an  application 
setting  forth  the  advantages  which  the  applicants  believe  will  accrue 
to  the  public  interest,  and  after  examination  by  a  "  mixed  commission 
on  water-power  plants,"  created  for  that  purpose.  It  imposes  upon 
the  concessionnaire  obligations  of  two  kinds — first,  the  duty  of  fur- 
nishing a  certain  quantity  of  water  or  power  for  the  public  services, 
either  free  of  charge  or  at  an  equitable  rate ;  second,  financial  coop- 
eration, when  it  shall  be  necessary,  in  other  public-utility  enterprises 
of  the  section. 

A  question  may  arise  as  to  whether  it  would  be  good  policy  to  exact 
payment  of  a  rental.  There  is  no  doubt  that  the  imposition  of  such 
a  charge  would  be  justifiable.  The  principle  has  been  approved  in 
connection  with  present  legislation  concerning  plants  on  navigable 
streams.  It  is  desirable,  however,. to  avoid  giving  to  the  proposed 
law  an  appearance  of  being  a  measure  for  revenue.  It  is  better  to 
obtain  from  the  applicants  the  equivalent  of  rental  by  making  pro- 
visions that  will  be  in  the  interest  of  the  public  service.  This  may 
be  accomplished  either  through  a  reduction  in  the  rates  for  furnish- 
ing power  (it  sometimes  being  possible  even  to  obtain  this  gratui- 
tously) or  through  an  agreement  on  the  part  of  the  concessionnaire  to 
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perform  certain  services  in  part  or  in  entirety,  such  as  the  construc- 
tion of  important  public  works,  the  benefit  from  which  will  accrue  to 
the  region  in  which  the  concession  is  located.  Such  services  may 
include  the  construction  of  a  roadway,  a  railroad,  a  street  railway, 
the  laying  of  conduits  for  lighting,  distribution  of  power  for  smaller 
industries,  etc.  This  would  be  an  extension  of  a  principle  recently 
introduced  into  concessions  for  mines,  which  makes  for  more  profit- 
able cooperation  between  the  industrial  interests  and  those  of  the 
general  public,  a  point  which  should  not  be  overlooked. 

BELATIONS    WITH    THIBD    PABTIES  —  DAJiAGES  —  EASEMENTS— 

EXPBOPBIATIONS. 

1.  Usages. — ^The  works  are  public  works,  and  damages  resulting 
therefrom  may  give  rise  to  indemnity,  under  ordinary  conditions, 
in  accordance  with  regulations  now  in  force  under  the  law  of  Decem- 
ber 29,  1892,  and  with  the  distinctions  recognized  under  the  decision 
of  the  council  of  state.  The  declaration  of  public  utility  renders 
void  the  rights  of  usage  which  constitute  an  obstacle  to  the  right  con- 
ferred upon  the  concessionnaire,  and  converts  them  into  a  right  for 
indemnity  for  damages  caused  by  the  execution  of  the  works.  Only 
those  \fho  sustain  actual  damage  can  claim  indemnity,  such  as  those 
who  are  deprived  of  water  or  of  power  of  which  they  have  made 
beneficial  use.  The  concessionnaire  can  always  free  himself  of  this 
obligation  of  indemnity  by  restoring,  in  kind,  to  the  users  the  water 
or  power  so  confiscated.  This  is  a  method  of  settling  damages  which 
often  has  the  double  advantage  of  being  more  economical  for  the 
concessionnaires  and  of  avoiding  the  wiping  out  of  power  plants  or 
irrigation  systems  previously  existing. 

2.  Landowners, — Damages  to  landowners  may  result  either  from 
the  occupation  of  their  lands  in  connection  with  the  establishment  of 
works,  or  from  flowage  of  lands  occasioned  by  dam  construction.  Tlic 
proposed  law  distinguishes  between  a  damage  which  would  put  the 
landowner  to  little  trouble  and  would  entitle  him  merely  to  indemnity 
for  granting  a  right  of  way  and  a  damage  involving  expropriation. 
Rights  of  way  would  be  granted  for  the  establishment  of  canals, 
underground  conduits,  and  power  transmission.  The  conditions  con- 
trolling the  granting  thereof  are  determined  by  civil  tribunals, 
charged  with  the  duty  of  reconciling  the  interests  of  the  enterprise 
with  other  proprietary  interests.  The  question  was  considered  of 
defining  in  the  law  the  various  conditions  under  which  rights  of  way 
could  be  procured,  but  it  appeared  that  it  would  be  difficult  to  estab- 
lish sufficiently  clear  and  fine  distinctions  to  cover  all  contingencies, 
and  consequently  it  was  believed  preferable  to  leave  the  matter  to  the 
control  of  the  civil  tribunals.     The  occupation  of  the  river  bed  and 
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the  submergence  of  shore  lands  not  susceptible  of  cultivation  can  be 
accomplished  by  paying  for  the  right  of  way,  without  the  necessity 
of  resorting  to  the  expropriation  procedure. 

In  all  other  cases — that  is,  in  all  cases  where  occupation  by  acquir- 
ing a  right  of  way  is  not  practicable — ^the  concessionnaire  must  acquire 
title  to  the  necessary  lands  upon  which  his  works  will  be  built  or 
which  will  be  submerged  by  the  raising  of  the  water  level.  The 
method  of  procedure  in  expropriation  is  governed  by  article  16  of  the 
law  of  May  21,  1836. 

TERMINATION  OF  CONCESSION. 

A  concession  shall  be  terminated,  first,  by  regular  expiration  of  the 
term  thereof;  second,  by  redemption;  third,  by  forfeiture.  The  com- 
mon rules  in  the  matter  of  concessions  for  public  works  must  neces- 
sarily be  applied  here.  It  has,  however,  seemed  advantageous  to 
formulate  certain  special  provisions  in  order  to  assure  a  continuation 
of  the  service  after  the  terminati6n  of  the  concession  and  to  avoid 
the  uncertainty  and  interruptions  in  the  enterprise  to  which  changes 
in  ownership  might  give  rise.  When  a  concession  is  terminated,  the 
new  concessionnaire  (and  in  the  case  of  redemption,  the  nation)  is 
bound  to  guarantee  for  a  period  of  five  years  the  fulfillment  of  con- 
tracts held  by  the  old  concessionnaire  for  the  furnishing  of  water 
and  power,  subject  to  the  limitations  imposed  by  the  controlling  con- 
ditions of  market  at  that  time,  and  to  assure  the  granting  of  prefer- 
ence to  such  public-service  demands  as  may  exist. 

It  is  also  important,  in  case  of  the  regular  expiration  of  the  period 
of  concession,  to  provide  that  the  new  concession  shall  be  granted 
some  time  in  advance  of  such  expiration,  so  that  there  may  be  no 
period  of  uncertainty  just  previous  thereto.  It  seems  reasonable,  as 
well,  to  give  to  the  holding  concessionnaire  the  preference  in  the  mat- 
ter of  new  application,  if  he  offers  terms  as  advantageous  to  the 
nation  as  those  of  any  of  the  new  applicants.  A  change  in  conces- 
sionnaire is  not  always  desirable  and  has  no  value  other  than  that 
of  securing  readjustment  of  terms  in  harmony  with  scientific  prog- 
ress and  industrial  development.  If  such  advantageous  conditions 
are  secured  it  is  usually  better  for  all  interests  to  have  no  change  in 
the  concessionnaire.  To  this  end  the  proposed  law  imposes  on  the 
administration  the  duty  of  arranging  the  new  concession  within  the 
five  years  preceding  the  expiration  of  the  old  one.  The  method  of 
procedure  is  identical  with  that  followed  in  the  first  concession,  ex- 
cept that  the  right  of  preference  is  accorded  to  the  holding  conces- 
sionnaire. In  order  to  avoid  delays  which  will  prolong  the  examina- 
tion up  to  the  final  days  of  the  period  of  the  first  concession  and  to 
avoid  falling  into  the  uncertainty  that  would  result  therefrom,  it  is 
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decreed  that,  if  two  years  previous  to  the  expiration  no  new  conces- 
sion is  being  instituted,  the  concessionnaire  can  demand  an  extension 
of  his  concession  for  a  period  of  ten  years.  This  ten-year  period  of 
extension  seems  necessary,  and  at  the  same  time  suflScient  for  the 
amortization  of  the  expenses  of  repair  and  improvement  that  the 
concessionnaire  would  feel  called  upon  to  make  when  entering  on  a 
new  period  of  operation,  and  to  encourage  him  in  so  doing. 

These  provisions  as  a  whole  seem  to  overcome  the  greater  part  of 
the  objections  made  by  partisans  of  the  system  of  perpetual  owner- 
ship to  the  system  of  temporary  concession.  Such  objections  are  gen- 
erally based  on  the  difficulty  of  assuring  a  good  development  during 
the  period  of  change. 

With  reference  to  redemption,  the  proposed  law  provides  that  in- 
demnity shall  be  fixed  by  arbitration,  under  the  principles  laid  down 
by  article  11  of  the  law  of  June  11, 1880,  concerning  railroads  of  local 
interest.  In  order  to  simplify  the  procedure,  in  case  of  forfeiture 
or  redemption,  it  is  proposed  to  give  cognizance  to  the  state  council 
direct,  without  requiring  review  by  the  council  of  the  prefecture;  this 
provision  is  in  accordance  with  the  law  of  June  11,  1880,  above  cited. 

The  proposed  law,  which  contains  four  sections  and  eighteen  ar- 
ticles, is  submitted  below. 

THE  PBOFOSED  LAW. 

SECTION   I. 

Artict^  1.  Hydraulic  powers,  from  whatever  waters  they  may  be 
derived,  shall  be  classified  as  pritrnte  powers  and  public  pmcers. 
Private  powers  shall  continue  to  be  governed  by  the  laws  and  regu- 
lations now  in  force.  Public  powers  shall  be  regulated  by  the  fol- 
lowing provisions : 

Article  2.  Public  powers  are  hereby  conceded  to  the  nation  in 
the  interest  of  industry  and  public  service.  When  the  only  use 
immediately  foreseen  is  the  serving  of  one  or  more  industrial  estab- 
lishments, the  reservations  necessary  in  the  interest  of  eventual  public 
service  shall  be  embodied  in  the  conditions  of  the  articles  of  con- 
cession. 

Article  3.  Public  powers  are  declared  of  public  utility  and  con- 
ceded by  decree  of  the  state  council,  based  on  the  report  of  the 
minister  of  agriculture  in  the  case  of  nonnavigable  waters  or  of  the 
minister  of  public  works  in  the  case  of  navigable  waters,  and  after 
inquiry  and  advice  of  the  general  council  of  the  Departments,  of  the 
municipal  councils  of  the  towns  interested,  and  of  the  commission 
created  under  article  16  hereof.  No  declaration  of  public  utility 
shall  be  made  in  the  absence  of  legislation  authorizing  the  same,  in 
the  case  of  proposed  works  involving;  the  diversion  of  water  from 
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its  natural  channel  for  a  distance  greater  than  12  miles  (20  kilome- 
ter) measured  along  the  river  bed.  Such  legislation  shall,  previous 
to  passage,  have  been  submitted  to  the  state  council.  The  modi- 
fications ultimately  applying  to  the  use  and  distribution  of  the  water 
power  and  diverted  water  are  authorized  by  decree  of  the  state 
council 
Article  4.  The  conditions  of  the  articles  of  concession  shall  fix — 

1.  The  period  of  concession. 

2.  The  works,  grounds,  buildings,  and  equipment  of  all  kinds  that 
constitute  the  stationary  appurtenances  of  the  concession.  Such  ap- 
purtenances comprise  installations  for  the  improvement  of  the  regi- 
men of  the  stream,  the  diversion  and  retention  of  water,  the  con- 
version of  hydraulic  power  into  mechanical  or  electric  energy, 
the  transmission  of  water  and  power,  and  finally  the  maintenance 
and  operation  of  the  various  installations.  They  do  not  comprise 
works  designed  for  the  utilization  of  the  power  produced  or  water 
furnished,  which  might  exist  irrespective  of  the  concession. 

3.  The  amount  of  water  diverted  by  the  plant,  and  especially  the 
minimum  volume  of  water  to  be  retained  in  the  natural  channel,  or 
to  be  reserved  in  the  interest  of  municipal  water  supply  or  of  irri- 
gation. 

4.  General  conditions  concerning  the  location  of  reservoirs  and 
dams,  the  establishment  of  canals  for  diversion,  discharge,  waste, 
etc.,  and  the  character  of  the  works  which  the  concessionnaire  is 
bound  to  establish  without  regard  to  the  obligations  to  the  public 
which  he  thereby  incurs. 

5.  Charges  imposed  on  the  concessionnaire,  whether  in  the  form  of 
water  or  power  to  be  furnished  to  the  nation,  to  the  Departments,  to 
towns,  or  to  properly  authorized  companies,  or  in  the  form  of  finan- 
cial cooperation  in  public-utility  enterprises  in  the  region. 

Article  5.  The  declaration  of  public  utility  has  the  effect  of 
classifying  as  a  part  of  the  public  domain  water-power  plants  and 
their  stationary  appurtenances  defined  in  the  articles  of  concession 
in  conformity  with  paragraph  2  of  article  4  hereof.  Such  works  are 
considered  as  like  those  under  the  jurisdiction  of  the  commission 
of  public  ways,  especially  in  connection  with  the  suppression  of 
violations.  Such  violations  are  liable  to  a  penalty  ranging  from  $3 
to  about  $55  (16  to  300  francs). 

Article  6.  Plans  for  construction  of  works  which  affect  public 
safety,  or  the  control  of  waters,  and  the  general  provisions  of  those 
mvolving  expropriation  are  subject  to  approval  by  the  competent 
minister.  Construction  of  other  works  is  not  subject  to  administra- 
tive regulation. 

Article  7.  The  concessionnaire  maintains  the  right  to  dispose 
freely  of  water  and  power  not  appropriated  to  or  reserved  for  public 
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service.  Power  so  reserved  and  not  demanded  for  immediate  use 
may,  pending  such  demand,  be  sold  to  private  parties,  under  specific 
agreement,  the  terms  of  which  shall  be  fixed  in  the  articles  of  con- 
cession. 

Article  8.  Except  in  cases  involving  public  health  and  safety, 
the  concessionnaire  of  a  public  power,  even  when  the  power  is  situ- 
ated on  a  navigable  stream,  has  a  right  to  indemnity  for  injury  due 
to  works  constructed  or  measures  prescribed  by  the  administration. 

SECTION   II. 

Rights  and  obligations  of  the  concessionnaire  with  respect  to  the 

public. 

Article  9.  Works  constructed  by  the  concessionnaire  in  the  es- 
tablishment of  a  public  power  plant  are  public  works.  The  declara- 
tion of  public  utility  confers  upon  anyone  deprived  of  water  of  which 
he  has  previously  made  use  the  right  of  indemnity.  Reparation  may 
consist  entirely  or  in  part  of  compensation  in  kind. 

Arxicle  10.  In  consideration  of  the  payment  of  equitable  and 
necessary  preliminary  indemnities,  the  concessionnaire  may — 

1.  Establish  and  maintain,  on  or  beneath  private  property,  canals, 
tunnels,  and  underground  conduits  necessary  to  the  operation  of  the 
power  plant  or  to  the  fulfillment  of  the  obligations  imposed  by  the 
decree  of  concession  in  the  interest  of  irrigation  or  drainage,  pro- 
vided that  such  works  do  not  involve  serious  difficulty  in  the  use  of 
the  surface  of  the  ground  by  said  private  parties. 

2.  Conduct  power-transmission  systems  over  or  under  the  ground, 
for  which  purpose  he  may  erect  the  necessary  supports  and  install 
accessory  apparatus  for  the  proper  operation  of  such  transmission 
systems. 

3.  Occupy  the  river  bed  and  by  raising  the  water  level  submerge 
the  uncultivable  shores  of  nonnavigable  watercourses. 

Existing  buildings,  yards,  gardens,  parks,  and  inclosures  con- 
nected with  residences  can  not  be  subjected  to  the  rights  of  way 
established  by  this  article. 

In  the  matter  of  application  for  such  rights  of  way,  the  courts 
must  reconcile  the  interests  of  the  enterprise  with  property  interests. 
They  may  authorize  a  provisional  execution  of  the  works  in  con- 
sideration of  a  deposit  by  the  concessionnaire  of  a  sum  fixed  by  them. 

Article  11.  In  all  cases  other  than  those  in  which  the  rights  of 
way  defined  in  the  preceding  paragraph  can  be  established,  the  con- 
cessionnaire is  bound  to  acquire  all  lands  necessary  for  the  establish- 
ment of  all  works  constituting  the  plant  and  its  stationary  appurte- 
nances, as  well  as  for  proper  construction  and  maintenance  of  dams. 
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Indemnities  shall  be  determined  in  accordance  with  paragraph  2  et 
seq.  of  the  law  of  May  21,  1836. 

SECTION  ni. 

Article  12.  At  the  expiration  of  a  fixed  term  the  concession,  to- 
g^her  with  all  obligations  as  determined  by  the  conditions  of  the 
articles  of  concession  according  to  article  4  hereof,  shall  revert  to  the 
nation  without  indemnity.  Within  five  years  immediately  preceding 
such  expiration  steps  must  be  taken  toward  the  institution  of  a  new 
concession.  The  holding  concessionnaire  has  the  right  of  preference 
under  equal  conditions.  If,  two  years  before  such  expiration,  no  new 
concession  has  been  instituted,  he  shall  have  the  right  to  demand  the 
extension  of  his  concession  for  a  new  period  of  ten  years.  The  nation 
or  the  new  concessionnaire  continues  to  be  bound  for  a  period  of  five 
years  after  the  expiration  of  the  original  concession  to  fulfill  the  con- 
ditions of  contracts  for  furnishing  water  or  power  held  by  the  former 
concessionnaire  to  the  public  service*,  and  to  individuals  after  the 
needs  of  the  public  service  are  satisfied.  In  no  case  can  the  nation  be 
required  to  furnish  larger  amounts  of  water  or  power  than  those  ren- 
dered possible  by  the  conditions  of  utilization  of  the  concession  at 
the  time  of  its  reversion. 

Article  13.  The  nation  may  at  any  time  after  the  expiration  of  the 
first  fifteen  years  repurchase  the  concession.  Such  redemption  is  de- 
cided by  decree  in  the  state  council,  in  the  presence  of  the  concession- 
naire, and  must  involve  the  entire  concession.  The  nation  is  bound 
to  fulfill  the  regular  contracts  for  furnishing  water  and  power  en- 
tered into  by  the  concessionnaire  previous  to  the  decision  of  the  min- 
ister instigating  the  redemption  proceedings,  under  conditions  set 
forth  in  paragraphs  3  and  4  of  article  12. 

The  indemnity  for  redemption  shall  be  fixed  by  a  commission  cre- 
ated by  decree  and  composed  of  nine  members,  of  whom  three  shall 
be  designated  by  the  minister  of  public  works,  three  by  the  conces- 
sionnaire, and  three  by  selection  of  the  six  members  already  provided. 
If,  within  one  month  after  the  appointment  of  the  representatives  of 
the  nation  and  of  the  concessionnaire,  the)'  shall  fail  to  make  unani- 
mous selection  of  the  three  remaining  members,  such  appointments 
shall  be  made  by  the  chief  justice  and  associate  justices  of  the  court 
of  appeals  of  Paris. 

All  disputes  relative  to  the  redemption  are  submitted  to  the  council 
of  state  for  settlement.    Appraisal  is  obligatory,  if  demanded. 

Article  14.  A  concession  shall  be  declared  forfeited,  under  con- 
ditions as  set  forth  in  the  articles  of  concession,  by  the.  minister,  but 
the  concessionnaire  shall  have  the  right  to  appeal  to  the  council  of 
state',  which  shall,  in  case  such  forfeiture  is  found  to  have  been  un- 
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warranted,  allow  indemnity  to  the  concessionnaire.  The  decision  of 
the  minister  and  the  judgment  of  the  council  of  state  are  announced 
to  the  concessionnaire  and  published  in  the  commune  in  which  the 
power  plant  is  situated.  The  minister  may,  if  he  deems  desirable, 
and  shall,  if  requested  so  to  do  by  the  forfeiting  concessionnaire  or 
by  owners  of  agricultural  or  industrial  establishments  holding  valid 
contracts  for  the  furnishing  of  water  or  power,  institute  proceedings 
for  sale  of  the  concession  at  public  auction.  Petition  for  such  auction 
sale  shall  be  made  within  three  months  after  the  publication  of  the 
decision  of  the  minister  or  of  the  judgment  of  the  council  of  state 
in  case  of  appeal,  and  the  petitioner  must  guarantee  in  advance  the 
necessary  costs  of  sale.  The  forfeiting  concessionnaire  can  not  be- 
come a  purchaser.  The  proceeds  of  the  sale  belong  to  the  concession- 
naire. The  purchaser  is  vested  with  all  the  rights  and  obligations 
of  the  forfeiting  concessionnaire,  with  respect  to  both  the  public  and 
the  nation,  under  the  conditions  provided  in  paragraphs  3  and  4  of 
article  12. 

SECTION  IV. 

General  conditions. 

Article  15.  In  case^he  concessionnaire  shall  fail  to  comply  with 
conditions  imposed  in  the  articles  of  concession,  or  in  ministerial  de- 
cisions concerning  details  of  construction,  or  shall  disregard  any 
water  laws  or  regulations,  or  stipulations  concerning  duties  to  be  ful- 
filled to  the  public  service,  the  same  shall  constitute  a  violation  of 
law  and  shall  be  subject  to  th6  same  treatment  as  in  matters  relating 
to  public  ways,  punishable  by  fine  of  16  to  300  francs  ($3  to  $55). 
In  case  of  repetition  of  the  offense  within  the  same  year,  the  maxi- 
mum penalty  shall  be  3,000  francs  (about  $500).  Interference  with 
the  exercise  of  supervision  shall  constitute  a  misdemeanor,  which  shall 
be  subject  to  fine  by  the  proper  corrective  tribunal  of  16  to  3,000 
francs  ($3  to  $500). 

.  Article  16.  There  is  hereby  created,  under  the  jurisdiction  of  the 
minister  of  public  works,  a  mixed  commission  on  water-power  plants, 
charged  with — 

1.  Examining  and  compiling  data  procured  by  cooperation  between 
local  services  with  reference  to  the  control  of  waters,  with  a  view  to 
their  utilization  for  the  public  service,  industry,  and  agriculture. 

2.  Giving  advice  upon  applications  for  concessions  for  water-power 
plants  and  upon  proposed  articles  of  concession,  with  a  view  to  the 
utilization  of  the  water  and  power  for  the  public  service  or  by  properly 
authorized  companies. 

This  commission  shall  be  composed  of  (1)  one  counselor  of  state, 
president;  (2)  five  legal  advisers,  viz,  from  the  department  of  public 
works,  the  director  of  roads,  navigation,  and  mines  and  the  director 
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of  railroads;  from  the  department  of  agriculture,  the  director  of 
agriculture  and  the  director  of  agricultural  hydraulics;  from  the  de- 
partment of  the  interior,  the  director  of  departmental  and  commu- 
nital  administration;  (3)  two  members  of  the  general  council  of 
bridges  and  roads  and  two  members  of  the  conunission  of  agricultural 
hydraulics;  (4)  two  "  maitres  des  requetes"  (members  of  the  council 
of  state  next  in  rank  to  counselors) ;  (5)  two  electrical  or  railroad 
engineers;  (6)  the  chief  engineer  of  bridges  and  roads,  secretary. 

The  members  of  the  commission,  other  than  the  legal  advisers,  shall 
be  named  by  decree.  The  legal  members,  in  case  of  absence  or  other 
interference  with  their  duties,  shall  be  represented  by  one  of  the 
members  of  their  department,  designated  by  the  competent  minister. 
If  all  the  interested  officials  do  not  concur  in  an  opinion  of  the  water- 
power  commission,  decision  shall  be  rendered  by  decree  of  the  council 
of  state. 

Abticle  17.  Public  administrative  regulations  shall  determine  all 
necessary  measures  for  the  execution  of  this  law,  and  especially  the 
forms  in  which  applications  for  concession  shall  be  presented  and 
examined,  the  arrangement  of  meetings  of  interested  local  services 
for  their  consideration,  and  rules  concerning  the  operation  of  the 
commission  provided  in  article  16. 

Article  18.  All  laws  and  regulations  contrary  to  this  law  are 
hereby  repealed. 
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LAW  PROPOSED  BY  M.  ALBERT  LEBRUN,  FOR  REGU- 
LATLXO  HYDRAULIC  PLANTS  ON  NONNAVIGABLE 
WATERCOURSES.*! 

LEGISLATION   NOW   IN   FORCE. 

All  water-power  legislation  in  France  rests  on  the  distinction  estab- 
lished by  the  civil  code  and  confirmed  by  a  century  of  jurispru- 
dence— that  is,  on  the  distinction  between  navigable  waters,  which  be- 
long to  the  public  domain  (article  538  of  the  civil  code),^  and  non- 
navigable  waters,  none  of  which  are  included  in  the  public  domain. 

Of  the  navigable  watercourses  the  nation  has  entire  disposition.  It 
grants  under  rental  permission  to  take  water,  to  occupy  lands  with 
a  view  to  irrigation,  or  to  erect  hydraulic  plants;  but  these  permits 
are  of  precarious  tenure  and  revocable  without  indemnity,  a  feature 
that  sometimes  constitutes  an  obstacle  to  the«utilization  of  the  water, 
so  that  a  modification  of  the  law  is  therefore  desirable.  Such  a  modi- 
fication is  even  now  under  consideration  by  the  commission  on  public 
works. 

If  a  project  has  the  character  of  a  public  utility,  it  may  profit  by 
the  government  concession.  Thus  was  organized,  under  the  special 
law  of  July  9,  1902,  the  Society  for  Motive  Power  of  the  Rhone, 
which,  by  utilizing  the  waters  of  the  river,  supplies  light  and  power 
-to  a  group  of  Lyonnaise  communities. 

Nonnavigable  waters  are  governed  under  articles  644  and  645  of 
the  civil  code,  which  read  as  follows: 

Article  (544.  Anyone  whose  property  borders  on  a  watercourse,  other  than 
that  declared  part  of  the  public  domain  by  article  538,  may  use  the  water  in 
passngo  for  Irrigating  his  proi)erty.  Anyone  whose  property  is  traversed  by  this 
watercourse  may  also  use  It  as  it  passes  through  his  land,  provided  he  returns  It 
to  Its  regular  channel  on  issuance  from  his  property. 

'  Report  of  commisBion  appointed  to  examine  a  proposed  law  regulating  water  powers 
on  nonnavigable  watercourses.  Chamber  of  Deputies.  9th  legislature,  session  of  1908. 

^  Hl^hwayB,  roads,  and  streets  under  the  control  of  the  State  and  navigable  rivers  and 
streams  are  considered  part  of  the  public  domain. 
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Abticle  645.  If  a  contest  arises  between  proprietors  to  whom  these  waters 
may  be  useful,  the  courts,  in  giving  judgment,  must  reconcile  the  interests  of 
agriculture  with  the  property  rights ;  and  in  all  cases  th^  individual  and  local 
regulations  concerning  the  course  and  usage  of  the  waters  must  be  observed. 

The  law  of  April  8,  1898,  sanctioned  in  article  3  a  usage  which  was 
long  discussed,  but  which  was  established  long  ago  by  jurisprudence: 

Aancu:  3.  The  bed  of  nonnavigable  watercourses  belongs  to  the  proprietor 
of  the  two  banks.  If  the  two  banks  are  owned  by  different  proprietors,  each 
one  of  them  owns  one-half  of  the  bed,  following  an  imaginary  line  traced  down 
the  middle  of  the  watercourse,  save  and  excepting  contrary  title  or  limitation. 

It  is  plain  from  the  above  provisions  that  the  owner  of  the  bed  of 
the  river  has  the  right  to  use  the  running  water  which  traverses  or 
borders  his  property.  The  nature  and  extent  of  this  right  have  long 
been  under  discussion,  although  they  have  been  established  by  law. 
It  is  admitted  that  "  the  proprietor  of  only  one  bank  may  use  the 
water  as  well  as  he  whose  grounds  are  traversed  by  the  stream,  not 
only  for  irrigation  but  for  industrial  purposes,  provided  always  that 
he  does  not  divert  more  water  than  he  could  use  for  irrigation." 
(Statement  of  grounds  of  complaint.) 

This  right  of  usage  is  justified  by  the  risks  to  property  arising 
from  proximity  to  a  watercourse  subject  to  rise  and  overflow  and  also 
by  the  obligations  entailed.  Maintaining  clear  channels  is  one  of 
the  obligations  of  the  riparian  owner,  and  in  case  of  nonperformance 
by  the  parties  responsible  the  work  is  done  officially  under  the  direc- 
tion of  the  hydraulic  service  and  the  costs,  charged  to  the  fund  for 
departmental  cooperation,  are  then  recovered  from  the  recalcitrant 
proprietors.  The  expense  of  cleaning  varies  from  year  to  year,  rang- 
ing between  a  million  and  a  half  and  two  million  francs. 

Riparian  rights  being  thus  defined,  what  is  the  method  of  pro- 
cedure for  regulating  hydraulic  power  on  a  nonnavigable  water- 
course? 

The  riparian  proprietor  who  possesses  the  full  rights  to  a  fall  of 
water,  whether  owned  by  original  right  or  acquired  by  amicable  pur- 
chase, requests  a  permit  from  the  administration.  For  a  long  time 
this  permit  was  granted  by  virtue  of  the  law  of  August  12-20,  1790, 
the  government  decree  of  19  Ventose,  year  VI,  and  in  conformity 
with  the  circulars  of  October  23,  1851,  and  December  26,  1884.  To- 
day the  law  of  April  8, 1898,  defines  the  matter  in  articles  11  et  seq. 

Abticle  11.  No  dam  or  other  work  destined  for  the  establishment  of  a  canal 
regulator,  mill,  or  factory  can  be  constructed  on  a  nonnavigable  watercourse 
without  the  authorization  of  the  Government. 

A  decree  dated  August  1, 1905,  determines  the  details  of  the  appli- 
cation of  the  law. 

But  this  authorization  is  not  of  the  same  nature  as  the  concession 
or  permit  granted  for  a  stream  forming  part  of  the  public  domain. 
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.€  rCKLIC  rTLLTIT  OF  VxTEB  POVTXfi. 

I-  rmi.  ]»ai  W  gr^irtM  except  for  reasan^  of  praMic  intcTK*  and  is  more 
ir  Tiie  lature  of  a  i<«ii-?e  mat-^^sre.  For  exaisple.  the  Goremment 
a^r^^fciiif  wLrtLer  ibe  3^'w  of  the  wat^".  tbe  aerurhT  of  the  riparimn 
hrTAiciai-tsw  aiii  ibe  p»u*Gc  health  wiH  ik*  be  itj^ired  by  the  pro- 
vrv*!  €c:T**T»rife.  It  does  &<  ii»q::ire,  bo»wer.  vbat  use  the  peti- 
Ti.cjer  pTxc»t»-<s  to  ciake  of  the  watrt"  or  whe«b<r  ^^Kh  or  socfa  m 
rijiaiifcr  dw^Ij-er  will  lie  ii-jured  hj  the  wcrk  in  q:je:itioQ. 

Fvir  lii^  rejLScic  iliis  authoriEatioc  is  ^t«:  fcbjert  to  the  ri^ts  of 
ilie  xiir^i  parrr:  ar^d  liie  cf'iins  ba^^  tbe  r*>w<r  to  appraise  the  dam- 
ans that  ir.:rtit  result.  Tli^  pwwer  of  3^x-:c<i  mar  go  so  far  as  to 
CK-OivilisL  w^*rk^  whicb  are  ooeir:irre*i  i«:«o  ir.;ur:-oas  to  the  interests  of 
a  lifOLrian  iii&bhatt. 

Ill  aiiiTHci-  the  t  ioTTenm^Kit  can  withiraw  ac  autborizatioii  pre- 
t5vipj Jt  r:T«i  f^c  ih<^*  sarjf-  ix-li  ?e  ccc5iieratiofis.  as  is  indicated  in 
artioje  14  of  the  law  of  April  S,  lSt<f : 


PVni.'if  UttT  W  nrr.*,^  ^  i»>i  "V^d  wTti»:»cT  laimiritT.  «tthtr  for  < 
t"f.«»  \«f  ;»!!*•  >c  hwL^ti  -.TT  tv»  ;ci!-vwLt  -.c  A«*  =.T=id»T>.-ciSL  «r  ±saZ^,  in  cases  of 
peinm:  ry«;j::-.'n-  a*  ;o..TVirtJ  -r  *r^:->  *.     li  jZ  ccier  cues  tkey  can  be 

In  the  ii^tere^s  of  aurriv  .ilnr*,  the  Laws  of  Arfil  ^,  1>4^  and  July 
11,  1>47,  ctvated  an  ac'-sevlTxt  ar-i  da=i  serrice  fvr  irrigation  in  the 

followiiisr  ttnns: 

I#tr  •. '  ip'i:  ^,'.  l^i^^^XmcLs:  1-  A=y  rcrcrwrr  w**^  w^<be«  to  i»e  for  tbe 
irrtoiiK*:  \«f  tis  |  rv^nTTy  tbe  sjrrn:  cr  arr^S  ,al  w^>?t?  o*«r  w**.-*  ke  kas  the 
net!  \^  a:s*^*«*  n-*y  v<-":iil=  ;«if9aLse  <<  ttp(?se  w:it>ers  .>T*r  tbe  ~t<r«ieniap  profv 
mx  br  ;ttT-irt:i  *-t  a  ;::^<  :-*irtLz.-:x  ir  a-i^us^."^.     B>«fe&  ««rtSw  ^LrAeBs;  and 

Ic^  '  *  7i>  ::.  :'^#*. — ^Aitu^^  1_  Arj  -r^.crse'^  r  wii:  w-2*ii«  to  «»  for  tbe 
irricii'-c  .f  i.*  :n*^?«rx  rdinrt'  kc  atT-.^  -ii!  wir«^  .■'«-  wtJ^-k  W  hajt  tbe 
r^-  .C  L^-'sa'  XiiT  .*ci.i  -bl^  rr^t  t->  ;  j.>?  •«  tie  rn.x^prty  of  tbe  owner 
s^  '±t?  irr«.«i'.*  Si"i  <G*.-?i  >  c^:rr>-r:'*-<:si  a*  ar^  aie^-vsaary  f-'r  tbe  o>i>rri«i  of 
"-lif  -ri-ifr  7^  -a-Ti»*^t  'f  a  rrft  t"*iirCi'  'y  :i  4,i'^T»-»».  R^  •i-'i^aL  oi^vita*  and 
o.^'tHOif  :.**r^a-n^ras  to  -iTrv"  r:.c?  arv  2»<  :j>.->>ie%i  ia  tisJs  rcvTTSJ»?a. 

I'  --  -r.c»-^?r*i  ::>  ^xt^r-i  tie  S?i:*?d:  of  th<e<e  prorL^iocs  to  industry* 
1.-  zifT  Lin-fr  is  n«  c  I*?*^  ™tvrt:ini  to  th^  a??c^r»I  welfcire  than  agri- 


mmjEw  or  fboposed  legisxatiox  rom  fsitatx 

T^^-.ry  irv  T^-.  -.«  li.:-  '_c.  Ts^li  ,h  ill  ::>.>^  r:xi>erv<  ajr^i? :  one  is  the  gtv- 
.,"^  *  -  r*-^  '*  ^  *'  ''^  ^'  *^  rj:".:  to  <t?ll  tl;*r:r  >t:r*  I  :>  pow^^^  to  priTate  in- 
i  --^^^  '->-  *^^»^r  is  trje  ex:ers:oG  of  tl.^  rr:v^>2'?<  *.vtif*?rred  on  irri- 
i^'^*  c  -c:tr^.ri^^?s  :y  :ltr  laws  of  I>4C>  ir  i  IS^T  to  r^^?*?rToirs  and  dams 
■-  n-^jr:'"-^!  f  r  :i.'ti>tr:il  rur^v^c;*?^  R":  :f  th^n?  i>  a^nreement  on  a 
i-'T^^  :hrrv  is  w:*:^  'Iverirvrov  on  >«:c^^  f^:>ii:r:^nral  questions. 
rJ.^:^vr^  rrLite  to   two  d:i::nfcrx':illy   cr^x^e?*?*!  priaoiples*  and 
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from  1898  to  1904  caused  long  and  heated  discussions  between  their 
authors,  in  which  all  concerned  in  the  utilization  of  "white  coal" 
were  vitally  interested. 

The  first  bill  is  by  M.  Jouart,  deputy,  and  bears  date  of  March  3, 
1898.  On  July  6, 1900,  it  was  followed  by  a  bill  brought  in  by  Messrs. 
Baudin  and  Jean  Dupuy.  Both  provide  for  the  direct  intervention 
of  the  nation  in  the  creation  of  waterfalls — at  least  of  those  exceeding 
100  horsepower — by  means  of  concessions  analogous  to  the  conces- 
sions for  public  works.  The  Baudin-Dupuy  measure  proposes  that 
such  concessions  shall  be  limited  as  to  term  and  be  subject  to  redemp- 
tion after  a  certain  period ;  further,  that  they  shall  be  subject  to  for- 
feiture in  case  of  failure  to  comply  with  any  of  the  prescribed  con- 
ditions. The  bill  further  provides  that  on  the  termination  of  a  con- 
cession the  property  and  appurtenant  improvements  shall  revert  to 
the  nation  unless  the  concession  shall  be  extended  by  agreement,  in 
which  case  the  former  concessionnaire  has  the  right  of  preference 
over  eventual  competitors.  No  right  of  indemnity  is  granted  to 
riparian  owners  who  are  deprived  of  water  rights  and  privileges  that 
they  have  not  utilized. 

This  bill  has  been  widely  criticised ;  first,  by  riparian  owners,  who 
claim  that  the  rights  assured  to  them  under  article  644  of  the  civil 
code  have  been  ignored;  second,  by  industrial  concerns  which  are 
antagonistic  to  the  nation's  interference  in  purely  private  enterprises; 
and,  third,  by  those  who,  although  not  directly  interested  in  the  hy- 
drauUc  industry,  oppose  the  abandonment  of  the  ancient  legal  prin- 
ciple that  distinguishes  waters  of  the  public  domain  from  those  of 
private  possessions. 

«  «  «  «  «  «  >^ 

Answering  this  criticism,  other  proposals  were  made  providing 
for  the  least  possible  intervention  of  the  nation  and  the  maintenance, 
with  slight  modifications,  of  previous  legislation.  In  this  class  may 
be  mentioned  especially  the  so-called  "congress  of  Grenoble  bill," 
drawn  up  by  M.  Michoud,  in  which  the  several  riparian  dwellers, 
having  rights  over  the  same  fall,  are  treated  as  coproprietors  of  a 
property  and  are  permitted  to  divide  up  their  interests  by  a  system  of 
legal  licitation,  allowed  under  article  815  of  the  civil  code.  This 
licitation  takes  place  in  the  civil  courts,  and  the  sum  paid  by  the 
purchaser  is  distributed  among  the  proprietors  on  a  pro  rata  basis. 
The  purchaser  may  then  with  entire  security  request  administrative 
authorization  under  the  law  of  1898.  Under  a  somewhat  similar  sys- 
tem, supported  by  Messrs,  Hauriou  and  Ader,  liquidation  of  riparian 
ri^ts  is  accomplished  by  a  kind  of  licitation  which  is  of  an  adminis- 
trative rather  than  a  judicial  character,  as  appeal  is  made  to  the  laws 
of  1865  and  1888  relating  to  the  constitution  of  corporate  associations. 
In  this  the  majority  of  the  riparian  owners  constrain  the  minority 
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to  agree  to  pooling  their  rights  in  order  to  create  a  waterfall,  and  to 
acquiesce  in  the  sale.  The  remuneration  is  then  equitably  dis- 
tributed, as  in  the  case  cited  above.  These  bills  tend  to  extend  to  the 
limit  the  rights  of  riparian  dwellers  and  to  reduce  to  a  minimum  the 
nation's  power  of  intervention. 

In  June,  1903,  the  minister  of  agriculture  organized  a  commission 
to  study  the  measures  necessary  '^to  insure  a  better  utilizaticm  of 
the  water  power  of  nonnavigable  streams."  This  commission  was 
so  constituted  that  all  interests  were  represented.  It  included  mem- 
bers of  the  council  of  state,  ci\'il  and  government  engineers,  lawyers, 
manufacturers,  etc.  The  conclusions  of  the  commission  formed  the 
basis  of  the  bill  laid  before  the  Chamber  January  15,  1904,  by 
M.  Mougeot,  then  minister  of  agriculture. 

This  bill  and  others  of  the  same  kind  were  studied  and  discussed 
until,  in  1907,  the  present  commission  submitted  the  following  bill, 
which  in  the  judgment  of  its  members  incorporates  the  best  features 
qf  its  predecessors  : 

THE  PROPOSED  I^W. 
SECTION  I. 

Private  hydraulic  plants. 

Article  1.  Private  hydraulic  plants  on  nonnavigable  watercourses 
are  divided  into  two  classes. 

The  first  class  comprises  those  which  are  subject  only  to  legisla- 
tion anterior  to  the  present  law. 

The  second  class  comprises  those  which  have  benefited  by  the  pro- 
visions of  the  present  law  under  the  conditions  stipulated  in  articles 
2  and  3. 

Manufacturers  have  the  choice  of  remaining  under  the  regime 
of  existing  legislation  or  of  asking  to  benefit  by  the  provisions  of 
the  present  law. 

Article  2.  If  a  factory  desires  to  benefit  under  the  provisions  of 
the  present  law,  an  express  request  to  this  effect  must  be  filed,  either 
at  the  time  of  the  request  for  authorization  of  the  work,  or  subse- 
quently if  the  matter  concerns  a  factory  already  in  existence. 

The  petitioner  must  indicate  the  sections  of  the  banks  to  be  affected 
by  the  retention  of  water  by  the  dams  or  by  the  projected  deflection 
of  water  for  use  in  the  factory. 

lie  must  prove  that  he  possesses  (1)  the  land  necessary  for  the 
establishment  of  the  factory;  (2)  one  of  the  banks  required  for  the 
site  of  the  projected  dam;  (3)  the  riparian  rights  for  at  least  one- 
third  of  the  total  length  of  the  banks  in  the  section  concerned,  not 
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including  in  the  calculation  of  this  third  those  parts  belonging  to 
the  public  domain  of  the  nation,  the  Departments,  or  the  communes. 

Abticle  3.  The  demand  is  subject  to  an  examination,  whose  forms 
are  the  same  as  those  of  the  investigation  prescribed  by  article  12  of 
the  law  of  April  8,  1898. 

It  is  decided  by  decree  in  council  of  state  whether  the  request  shall 
be  granted  or  denied ;  it  being  denied  if  the  conditions  necessary  to 
obtain  the  permit  provided  for  in  the  law  of  April  8,  1898,  and  the 
present  law  have  not  been  fulfilled,  or  if  the  investigation  develops 
objections  that  the  council  of  state  deems  valid. 

The  p>ermit  is  barred  by  limitation  if  a  part  of  the  work,  specified 
in  the  decree,  is  not  executed  within  a  period  of  three  years  after  the 
issuance  of  the  decree.  It  may  always  be  withdrawn  by  decree  in 
council  of  state  if  the  conditions  prescribed  in  the  act  of  authoriza- 
tion, under  application  of  article  6  hereinafter  set  forth,  for  the 
protection  of  the  general  public,  have  not  been  or  cease  to  be  com- 
plied with. 

Article  4.  When  a  request  for  the  establishment  of  a  new  plant 
has  been  filed,  competing  requests,  comprising  either  in  whole  or  in 
part  the  sections  of  watercourse  included  in  the  first  request,  may  be 
framed  under  the  same  conditions  as  those  prescribed  for  the  first. 
It  shall  be  the  duty  of  these  petitioners  to  notify  all  preceding  peti- 
tioners of  these  requests. 

When  there'are  several  competing  requests  for  the  same  fall,  prefer- 
ence shall  be  given  to  that  petitioner  who  shall  prove  possession  of 
the  largest  fraction  of  riparian  rights. 

When  the  requests  relating  to  different  sections  of  the  same  water- 
course are  partly  competitive,  the  preference  shall  be  given  to  the 
enterprise  contemplating  the  largest  production  of  power,  provided 
the  difference  in  its  favor,  under  average  conditions  of  utilization  of 
the  works  to  be  established  within  a  period  of  three  years,  as  provided 
in  the  preceding  article,  amounts  to  not  less  than  one-fifth. 

When  the  right  of  preference  can  not  be  determined  by  either  of 
the  preceding  regulations,  preference  shall  be  determined  by  priority 
of  demand. 

Article  5.  The  request  for  authorization,  as  provided  in  the  pre- 
ceding articles,  may  be  filed  by  a  free  association  of  riparian  owners, 
organized  under  the  laws  of  June  21^  1865,  and  December  22,  1888. 
Such  association  can  not  be  transformed  into  an  authorized  association. 

The  corporation  thus  organized  may  cede  temporarily  or  finally  its 
rights  over  a  fall  or  factory.  Its  manager  has  the  right  to  determine 
for  the  members  the  reserves  of  water  in  kind,  the  restitutions  of 
motive  power,  and  the  money  indemnity,  observing  always  the  regula- 
tions as  set  forth  in  articles  8  et  seq.  of  the  present  law.  He  shall 
distribute  among  the  parties  concerned  all  proceeds  resulting  from 
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the  cessions  mentioned  above,  save  and  except  when  recourse  is  had 
to  the  civil  courts. 

The  statutes  determine  the  procedure  in  these  various  operations. 

Article  6.  The  act  of  authorization  for  hydraulic  works  determines 
the  precaution's  to  be  taken  for  the  protection  of  the  general  public, 
especially  those  concerning  the  public  health,  protection  from  inun- 
dation, alimentation  of  riparian  owners,  needs  of  irrigation,  con- 
servation and  free  circulation  of  fish,  and  protection  of  the  landscape. 

It  may  contain  restrictions  relating  to  the  restoration  of  water 
in  kind  at  specified  points  of  the  section  in  the  interest  of  enterprises 
designed  to  supply  nonriparian  communities  or  collective  irrigation. 
These  restrictions  are  null  and  void  if  the  project  to  which  they  relate 
has  not  Been  approved  within  a  period  of  two  years  from  the  date 
of  the  act  of  authorization,  or  if,  after  being  approved,  the  work  is 
not  executed  within  a  period  of  three  years  from  the  date  of  the 
approval. 

During  the  first  ten  years  immedijitely  succeeding  the  beginning 
of  operation  of  the  factory,  any  public  authority  may  requisition  for 
the  public  service  it  administers  a  portion  of  the  converted  or  uncon- 
verted power  not  exceeding  one- fourth  at  low  water.  This  requisi- 
tion is  authorized  by  a  decree  setting  forth  the  reasons  therefor, 
rendered  in  council  of  state  on  the  report  of  the  minister  of  agricul- 
ture and  of  the  ministers  of  the  departments  having  jurisdiction  over 
the  public  services  concerned.  The  requisition  is  executory  only  on 
payment  of  a  preliminary  refund  of  a  corresponding  quota  of  the 
expense  of  establishment,  maintenance,  and  exploitation  of  thfe  works 
or  apparatus  used  for  the  service  making  the  requisition,  or  on  pay- 
ment of  a  corresponding  rental  fee,  if  the  requisition  is  temporary. 

The  Government  shall  have  the  power  to  make  requisition,  under 
the  same  conditions,  for  a  quota  of  the  increase  of  power  at  low 
wat^r  produced  by  works  constructed  under  the  terms  of  the  present 
law,  with  a  view  to  increasing  the  capacity  of  a  factory  erected 
before  the  promulgation  of  the  law. 

In  case  of  litigation  the  sum  to  be  refunded  or  the  rental  fee  is 
determined  by  the  civil  court  on  the  testimony  of  experts. 

The  Government  may  renounce  in  whole  or  in  part  its  right  of 
requisition  for  a  supply  of  power  at  a  fixed  price,  agreed  upon  with 
the  manufacturer.  The  modifications  of  the  right  of  requisition  and 
the  contracts  for  the  supply  at  a  fixed  price  shall  be  approved  by  a 
decree  in  council  of  state  on  the  report  of  the  minister  of  agriculture 
and  of  the  ministers  of  the  departments  having  jurisdiction  over  the 
services  concerned. 

Article  7.  Permit  is  given  under  reserve  of  the  rights  of  third 
parties. 
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The  interested  parties  may  lay  before  the  civil  court  their  demands 
for  reserve  or  restitution  of  water  in  kind,  for  restitution  of  motive 
power,  or  for  indemnity. 

The  judge,  in  giving  sentence,  must  reconcile  the  interests  of  prop- 
erty with  those  of  agriculture  and  industry. 

He  may  order  that  a  provisional  indemnity  shall  be  paid  by  the 
manufacturer  before  operation  of  the  injurious  work  begins. 

He  will  be  guided,  however,  by  the  following  regulations : 

Abticle  8.  For  preexistent  irrigation  or  reservoirs  of  water  for 
domestic  supplies  the  parties  interested  may  demand  free  restitution 
of  the  water  in  kind.  Reciprocally,  the  manufacturer  has  the  right 
to  discharge  this  obligation  by  making  this  restitution,  or  by  indemni- 
fying, when  necessary,  each  one  of  the  interested  parties  for  the 
expense  entailed  on  him  by  the  conditions  .resulting  from  the  utiliza- 
tion of  this  water. 

By  exception,  and  when  he  has  not  been  notified  by  the  decree  of 
authorization  of  the  express  restrictions  required  by  the  needs  of  irri- 
gation, the  judge  may  decree,  on  payment  of  indemnity,  the  diminu- 
tion or  suppression  of  existing  irrigation  the  maintenance  of  which 
would  involve  excessive  difficulties,  if  the  construction  of  the  pro- 
jected work  is  clearly  of  greater  importance  than  the  individual 
enterprises  obstructed. 

For  rights  of  irrigation  and  domestic  supplies  of  which  no  use  has 
been  made  prior  to  the  request  for  a  permit  for  the  works,  the  judge 
will  decide  whether  and  in  what  measure  the  individual  claim  for 
reserve  in  kind  should  be  allowed,  or  whether  the  rights  invoked 
should  be  satisfied  in  whole  or  in  part  by  a  money  indemnity.  The 
manufacturer  may  always  discharge  his  obligations  to  the  holders  of 
these  rights  by  furnishing  the  amount  of  water  in  the  natural  state 
necessary  for  their  property  bordering  on  the  watercourse,  under  the 
conditions  and  at  the  price  they  themselves  would  have  had  to  pay 
formerly  with  works  using  only  simple  gravity,  these  conditions  and 
this  price  to  be  determined  by  experts  in  case  of  disagreement. 

Article  9.  The  right  of  riparian  owners  to  the  use  of  water  for 
other  purposes  than  irrigation  and  household  purposes  is  transformed 
into  right  of  indemnity. 

Nevertheless,  if  there  are  preexistent  motive  powers  in  the  sections 
of  the  watercourse  affected  by  the  construction  of  the  projected 
waterfall,  the  manufacturer  must  restore  to  those  having  rights  over 
such  powers,  if  such  exist,  all  the  power  of  which  they  have  had  dis- 
posal. This  restitution  may  be  made  in  the  form  of  electric  energy, 
with  indemnity  for  transformation  if  necessary. 

Those  having  these  rights  may,  if  they  prefer,  give  up  their  right 
to  restitution  of  the  power  in  kind  in  exchange  for  indemnity. 

23321— No.  238—10 6 

Digitized  by  VjOOQIC 


82  PUBLIC   UTILITY   OF   WATER  POWERS. 

For  restitution  of  power  in  the  form  of  electric  energy,  cited  above, 
the  manufacturer  may  secure  rights  of  way  for  pole  linc^,  etc.,  as 
provided  in  article  12,  paragraph  3,  of  the  law  of  June  15,  1906,  con- 
ferred on  the  concessionnaire  of  an  enterprise  for  distributing  electric 
power  which  has  been  declared  a  public  utility. 

Article  10.  The  factories  established  under  the  terms  of  the 
present  law  have  the  benefit  of  the  aqueduct  and  dam  service  as  regu- 
lated by  the  laws  of  April  29,  1845,  and  July  11,  1847.  On  payment 
of  a  just  preliminary  indemnity  they  also  have  the  right  to  occupy 
the  bed  of  a  watercourse  and  to  submerge  the  banks  by  raising  the 
water  level. 

Nevertheless  the  owners  of  the  property  injured  by  these  services 
have  the  right  to  require  the  manufacturer  to  purchase  the  land  sub- 
merged as  well  as  the  sites  necessary  for  the  construction  of  the 
works  or  of  surface  or  underground  canals. 

The  proprietor  may  compel  the  manufacturer  to  construct  all  the 
works  necessary  to  insure  communication  between  all  the  parcels  of 
land  traversed. 

All  disputes  arising  from  application  of  the  terms  of  this  article 
are  under  tht  jurisdiction  of  the  civil  court. 

SECTION    II. 

Hydraulic  plants  declared  a  public  vtility. 

Article  11.  Hydraulic  plants  may  be  established  by  virtue  of  a 
declaration  of  public  utility  and  may  be  made  the  object  of  a  special 
concession  when  their  principal  object  is  to  insure  the  supply  of 
power  necessary  for  the  public  services  of  the  nation,  the  Depart- 
ments, the  communes,  and  syndicates  of  communes,  or  for  authorized 
associations  and  other  public  institutions. 

Article  12.  The  declaration  of  public  utility  is  made  and  the  con- 
cession is  approved,  after  due  investigation,  by  decree  in  council  of 
state  on  the  report  of  the  minister  of  agriculture  and  of  the  ministers 
of  the  departments  having  jurisdiction  over  the  services  concerned. 

The  declaration  of  public  utility,  however,  is  made  by  a  law  passed 
after  investigation  by  and  on  the  advice  of  the  council  of  state,  when 
the  works  relate  to  the  deflection  of  waters  from  their  natural  be«l 
over  a  line  of  not  less  than  20  measured  kilometers  following  the  bed. 

The  concession  may  be  granted,  with  power  of  reconveyance,  to 
Pepartments,  communes,  and  syndicates  of  communes. 

Article  13.  The  conditions  under  whidi  the  concession  is  granted 
specify  (l)  the  services  for  which  the  factory  is  established  and  the 
conditlpfifi  under  which  they  are  to  be  served ;  (2)  the  duration  of  the 
concession;  (3)  the  works,  lands,  buildings,  and  engines  of  all  kinds 
which  gonstitute  the  dependent  realty  of  the  concession;  (4)  the  reg- 
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ulaticm  of  the  water  of  the  factory,  especially  measures  relating  to 
public  health,  protection  from  inundation,  domestic  supplies  of  the 
riparian  population,  needs  of  irrigation,  conservation  and  free  move- 
ments of  fish,  and  protection  of  the  landscape ;  (5)  the  rights  and  obli- 
gations of  the  concessionnaire,  both  during  the  time  of  the  concession 
and  at  its  expiration,  and  regulations  relating  to  redemption  of  the 
concession  and  forfeiture,  if  there  should  be  any. 

The  conditions  must  be  conformable  to  the  type  approved  by  de- 
cree in  council  of  state.  Every  derogation  made  therein  shall  be 
expressly  mentioned  in  the  act  of  concession. 

Abticle  14.  Modifications  may  be  made  in  the  uses  of  the  power, 
as  specified  in  the  statement  of  conditions,  on  the  demand  of  the  con- 
cessionnaire and  by  virtue  of  decrees  giving  the  reasons  therefor, 
rendered  in  council  of  state  after  investigation. 

In  addition,  there  is  at  all  times  liberty  to  sell  and  use  the  surplus 
power  and  the  residues  of  exploitation. 

Contracts  made  under  the  terms  of  the  preceding  paragraph  will  re- 
main valid  in  case  of  the  return  of  the  factory  to  the  grantor  for  any 
cause  whatsoever  for  a  period  specified  in  the  statement  of  conditions. 

Abticle  15.  At  the  expiration  of  the  period  determined  the  con- 
cessicMi,  with  all  its  dependencies,  as  specified  in  the  statement  of  con- 
ditions, reverts  to  the  nation  without  indemnity. 

^  During  the  ten  years  preceding  the  expiration  of  the  concession  a 
new  concession  may  be  obtained.  Conditions  being  equal,  the  con- 
cessionnaire in  possession  has  the  right  of  preference. 

If,  five  years  before  the  concession  expires,  no  new  concession  has 
been  granted,  the  concessionnaire  may  demand  a  prolongation  of  his 
concession  for  another  ten  years,  under  the  same  conditions  as  the 
first. 

The  same  provision  applies  five  years  before  the  expiration  of  each 
new  period  of  ten  years. 

Article  16.  Factories  declared  a  public  utility  have  the  benefit  of 
the  services  mentioned  in  article  10  of  the  present  law.  There  is  also 
a  general  benefit  resulting  from  the  right-of-way  privileges  granted 
'by  article  9  to  private  factories  subject  to  requisition  for  the  restitu- 
tion of  power  in  kind. 

The  expropriation  necessary  for  the  establishment  of  factories  of 
public  utility  is  effected  under  the  conditions  provided  for  in  the  last 
five  paragraphs  of  article  16  of  the  law  of  May  21,  1836.  If,  however, 
there  is  question  of  expropriating  lands  on  which  there  are  buildings, 
the  law  of  May  3,  1841,  alone  is  applicable. 

Article  17.  The  decree  of  concession  determines  the  indemnities 
which  may  be  allowed,  if  there  are  any,  for  deprivation  of  the  ripa- 
rian rights  held  under  article  644  of  the  civil  code  in  all  cases  in 
which  effective  use  thereof  has  not  been  made. 
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In  case  of  expropriation,  the  procedure  most  conform  to  the  law 
of  May  3,  1841,  in  the  name  of  the  nation  and  at  the  expense  of  the 
concessionna  ire. 

Abticle  8.  The  holder  of  a  concession  for  a  power  plant  shall  have 
the  right  to  occupy  private  property  jiecessary  for  the  storage  of 
water  and  for  the  establishment  of  undei^round  conduits  supplying 
water  to  the  power  plant  and  conducting  it  therefrom,  in  conformity 
with  the  terms  of  the  concession  as  approved  by  the  administration. 

Such  occupation  of  private  property  must  be  preceded  by  notifica- 
tion to  all  parties  interested  and  by  special  inquiry  held  in  each  of 
the  communes  where  the  aforesaid  works  are  to  be  established. 

Indemnities  accruing  from  such  occupation  shall  be  regulated  in 
the  first  instance  by  the  civil  tribunal ;  if  appraisal  is  necessary,  the 
tribunal  shall  name  but  one  appraiser. 

AamchE  9.  The  articles  of  concession  for  power  plants  shall 
specify — 

1.  The  location  of  the  plant. 

2.  The  duration  of  the  concession. 

3.  The  works,  lands,  housing,  and  equipment  of  every  kind  consti- 
tuting the  stationary  appurtenances  of  the  concession. 

4.  The  amount  of  water  to  be  used  by  the  power  plant,  and  par- 
ticularly provisions  for  its  regulation  so  as  to  avoid  damage  to 
navigation  and  to  afford  protection  against  floods,  to  safeguard  the 
public  health,  to  conserve  the  interests  of  the  people  in  the  matter 
of  water  supplies  and  irrigation,  to  protect  and  provide  for  the 
migration  of  fish,  and  to  preserve  the  natural  beauties  of  the  land- 
scape. 

5.  ITie  amount  of  rental  to  be  paid  to  the  nation  for  the  use  of  the 
water  and  the  obligations  incurred  in  connection  with  works  pre- 
viously established  by  the  nation  for  purposes  of  navigation,  if  any, 
together  with  all  other  financial  conditions  imposed  by  the  con- 
cession. 

G.  The  amount  of  sureties. 

7.  The  maximum  charges  for  the  sale  of  power  to  the  public. 

8.  The  amount  of  water  or  power  to  be  reserved  for  the  benefit  of 
public  services  and  the  conditions  under  which  it  must  be  placed  at 
public  disposal. 

9.  The  methods  of  national  control  and  provisions  for  the  expense 
thereof. 

10.  ('onditions  under  which  the  right  of  redemption  may  be  exer- 
cised by  the  (iovernment. 

11.  The  rights  and  duties  of  the  concessionnaire,  in  general,  both 
during  the  concession  period  and  at  its  expiration. 

AinicLK  10.  All  the  improvements  comprised  in  the  power  plant, 
incliuling  the  real  property  and  rights  of  way  occupied  by  it,  as 
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brought  only  by.  virtue  of  a  special  authorization,  granted,  on  pro- 
posal of  the  minister  of  agriculture,  by  the  act  which  declared  the 
works  a  public  utility. 

SECTION  IV. 

General  provisions. 

Article  23.  An  order  of  public  administration  will  determine  the 
measures  necessary  for  the  execution  of  the  present  law.  This 
especially  applies  to  (1)  the  papers  to  be  sent  with  the  request,  as 
set  forth  in  article  2,  and  also  the  procedure  to  be  followed  to  file  the 
request  and  to  fix  the  date  thereof;  (2)  the  method  of  verifying  the 
execution  of  the  work  within  the  period  prescribed  in  article  3,  and 
the  forms  by  which  this  period  may  be  prolonged  in  case  of  ^elay 
due  to  obstacles  beyond  human  control;  (3)  the  method  of  noti- 
fication and  examination  of  competing  requests,  the  limits  of  time 
within  which  modifications  of  requests  under  examination  may  be 
considered  with  a  view  to  determination  of  preference ;  (4)  the  method 
of  verification  of  the  limitations  set  forth  in  the  second  paragraph 
of  article  6 ;  (5)  forms  of  the  examination  to  be  made  of  modifications 
relating  to  the  uses  of  the  power  from  factories  of  public  utility  under 
the  terms  of  article  14;  (6)  forms  under  which  the  interested  parties 
shall  be  admitted  to  plead  their  claims  to  the  indemnities  provided 
for  in  article  17. 

LAW  PROPOSED  BY  M.  BAUDIN  AND  M.  MUXERAND 
FOR  REGULATION  OF  HYDRAULIC  POWER  PLANTS 
ON  WATERCOURSES  AND  -CANALS  OF  THE  PUBLIC 
DOMAIN.- 

DIGEST  OF  THE  OOVEBNMEKT  PROPOSAL. 

Two  kinds  of  power  plants  are  recognized — (1)  private  power 
plants,  the  energy  o.f  which  is  used  exclusively  for  the  industrial  needs 
of  one  special  establishment  and  affects  only  private  interests;  (2) 
public  power  plants,  which  are  veritable  factories  of  energy  destined  to 
furnish  power  and  light  to  a  whole  district  and  which  are  therefore 
of  public  utility. 

The  separation  .of  the  two  kinds  of  plants  is  well  defined  in  prac- 
tice. Unless  the  public  sale  of  power  is  intended  by  those  operating 
power  plants,  the  Government  must  grant  a  permit  for  the  use  of  the 
water.  Under  the  present  rule  this  permit  is  precarious,  as  the  plant, 
according  to  the  interpretation  of  the  law  by  the  state  council,  can 
be  subjected  to  restrictions  and  regulations  made  in  the  interests  of 
the  public,  and  the  owner  can  be  compelled  to  render  special  services 

•Report  of  the  commission  of  public  works,  M.  Pierre  Baudin,  deputy.  Chamber  of 
Depatles,  Ninth  Legislature,  extra  session  of  1908 ;  supplement  to  the  report  of  the  meet- 
ing of  December  17,  1908. 
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3.  Forms  for  plans  and  specifications  covering  projects  and  their 
approval. 

4.  Procedure  to  be  followed  in  connection  with  the  various  in- 
quiries relative  to  concessions  and  authorizations  for  power  plants, 
and  in  the  establishment  of  rights  of  way. 

5.  Rules  for  national  supervision  of  power  plants  under  concession, 
the  cost  of  which  shall  be  borne  by  the  concessionnaire. 

6.  General  regulations  covering  the  sale  of  surplus  power,  as  pro- 
vided in  articles  5  and  12. 

7.  In  general,  all  necessary  measures  for  the  executit>n  of  this  act. 
Article  17.  This  law  shall  not  apply  to  power  plants  already  in 

legal  existence. 

Article  18.  All  laws  and  regulations  in  contravention  of  this  act 
are  hereby  repealed. 
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CHAPTER  V. 

REVIEW  OF  THE  WORK  OF  THE  BUREAU  OF  HYDRAU- 
LICS AND  AGRICULTURAL  IMPROVEMENTS  OF  THE 
FRENCH  DEPARTMENT  OF  AGRICULTURE.^ 


ORGANIZATION  OF  THE  BUREAU. 

FUNCTIONS. 

The  waters  of  France,  in  their  legal  status,  are  divided  into  two 
distinct  categories.  Rivers  navigable  by  ships  or  rafts  form  a  part 
of  the  public  domain  and,  if.  used  principally  for  transportation,  are 
under  the  control  of  the  minister  of  public  works.  Watercourses 
navigable  neither  by  ships  nor  rafts  and  springs,  underground  waters, 
etc.,  do  not  form  a  part  of  the  public  domain  and  are,  according  to 
their  nature,  subject  to  the  more  or  less  extended  rights  of  the 
private  individual.  Their  control  is  vested  in  the  ministry  of  agri- 
culture, which  adopts  and  enforces  measures  designed  to  enhance 
their  importance  for  agriculture  and  domestic  supply.* 

The  policing,  conservation,  and  management  of  these  waters  are 
under  the  control  of  the  hydraulic  service,  a  branch  of  the  bureau  of 
hydraulics.  This  bureau  has  been  under  the  ministry  of  agriculture 
since  its  organization  in  1881. 

In  1903  the  bureau  was  organized  under  the  name  of  the  bureau  of 
hydraulics  and  agricultural  improvements,  and  its  duties  and  im- 
portance were  considerably  increased  by  adding  to  the  hydraulic 
service  the  new  office  of  "  agricultural  improvements."  The  mani- 
fold functions  of  the  latter  were  established  with  a  view,  on  the  one 
hand,  of  insuring  a  better  utilization  of  the  waters  by  agriculturists, 
and  on  the  other,  of  improving  land  for  various  rural  enterprises. 

Until  1903  the  Grovemment  had  limited  itself  to  giving  assistance 
to  enterprises  pertaining  to  agricultural  hydraulics  by  granting  sub- 

•  Circular  of  the  department  of  agrrlculture. 

*Tbe  total  length  of  waters  navigable  by  ships  or  rafts  in  France  is  about  7,980  kilo- 
meters (abont  4,956  miles)  ;  the  length  of  those  not  so  naylgable  is.  about  270,000  kilo- 
meters (about  167,670  miles). 
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sidies  for  tliLs  purpose  to  corporate  associations/  by  undertaking  the 
study  of  the  most  interesting  projects  of  this  nature,  and,  if  the  work 
was  of  very  great  unportance,  by  having  it  supervised  by  government 
agents. 

But  such  government  assistance  was  always  strictly  limited  to 
important  canals  and  drainage  works,  the  utilization  of  the  water 
conducted  to-private  properties  being  left  entirely  to  the  initiative 
of  the  individual  The  result  of  this  was  that  the  farmers,  left  to 
their  own  devices  and  lacking  the  necessary  knowledge  and  experi- 
ence, failed  to  profit  as  much  as  was  expected  from  the  expenditures 
of  the  Government.  Agricultural  utilization  of  the  waters  did  not 
develop  as  was  hoped.  The  agricultural  improvement  service  was 
created  to  remedy  this  condition  by  the  organization  of  a  technical 
force  composed  of  agronomic  engineers  who  would  guide  the  syndi- 
cates and  landholders  in  the  rational  management  of  the  irrigated 
lands,  in  the  choice  of  crops  best  suited  to  the  soil,  and  in  the  prac- 
tice of  irrigation.  It  is  also  the  duty  of  this  service  to  study,  in  co- 
operation with  the  agents  for  roadways  and  bridges,  the  economic 
effects  on  agriculture  of  the  great  hydraulic  wor^.  It  cooperates 
with  interested  parties  in  making  various  improvements  on  the  land 
(drainage,  making  the  land  salubrious,  construction  of  farm  roads, 
etc.)  and  in  every  sort  of  enterprise  pertaining  to  rural  engineering 
(farm  buildings,  dairies,  distilleries,  etc.). 

The  reorganization  of  the  bureau  of  hydraulics  and  agricultural  , 
improvements  has  increased  its  usefulness  by  inducing  a  better  agri- 
cultural utilization  of  waters  and  by  enlarging  its  sphere  of  action. 

PERSONNEL. 

The  bureau  of  hydraulics  and  agricultural  improvements  com- 
prises two  distinct  branches: 

In  the  Departments^  the  hydraulic  service  is  organized  from  of- 
ficials of  the  office  of  bridges  and  roads  (engineers  in  chief,  engineers, 
superintendents,  and  clerks),  under  the  direction  of  the  inspectors 
general  of  the  agricultural  hydraulics.  For  the  execution  of  any 
large  work  or  for  a  very  important  study,  special  branches  of  the 
service  may  be  organized  from  the  office  of  bridges  and  roads,  de- 
tached from  the  ministry  of  agriculture.  Finally,  special  clerks  for 
agricultural  hydraulics  are  employed  in  Departments  where  the 
hydraulic  service  has  a  great  deal  of  work  to  do. 

The  agricultural  improvement  service  comprises  an  inspection 
force  vested  with  the  control  and  examination  of  projects  before  they 

*  The  syndlcal  r<'orporatol  associations,  which  were  established  by  the  laws  of  June  21, 
i«nr»   and  December  22,  1H88,  consist  of  groups  of  proprietors  interested  in  the  same  en- 
»  of  public  Interest.     These  associations  can,   under  certain  conditions  and  after 
■UK  with  certain  formalities,  benefit  under  the  statute  of  public  utility. 
Inistrative  districts  into  which  the  French  Republic  Is  divided. 


Digitized  by  VjOOQIC 


WORK   OF^FBENCH  DEPARTMENT  OF  AGRICULTURE.  95 

are  submitted  to  the  higher  administration,  a  force  of  engineere  in 
charge  of  territorial  districts  to  make  studies  and  draw  up  plans,  and 
a  force  of  technical  agents  to  aid  the  engineers  in  their  studies  and 
m  supervision  of  the  works.  In  addition,  professors  of  agri- 
culture cooperate  with  this  service  in  all  things  relating  to  agricul- 
tural research.  Within  the  limits  imposed  by  the  necessities  of  their 
regular  duties,  they  also  aid  the  engineers  and  technical  agents  in  the 
study  and  preparation  of  plans,  and  in  the  supervision  and  control  of 
works. 

COMMISSIONS. 

To  aid  the  administration  in  its  examination  of  matters  which  have 
been  studied  by  the  Department  services,  a  commission  on  hydraulics 
and  agricultural  improvements  has  been  organized  in  connection  with 
the  bureau  for  the  purpose  of  giving  advice  on  technical  and  admin- 
istrative matters  submitted  by  the  minister  for  examination.  Re- 
ports are  laid  before  this  commission  either  by  the  inspectors  general 
of  hydraulics  or  by  the  inspectors  of  agricultural  improvements, 
according  to  the  nature  of  the  matter. 

In  addition,  two  other  commissions  are  charged  with  the  verifica- 
tion of  the  accounts  of  the  irrigation  and  drainage  works  to  which 
the  Government  has  granted  an  interest  guaranty.  A  special  com- 
mission decides  on  requests  for  subsidies  to  communal  works  for 
supplying  drinking  water,  of  which  we  shall  speak  later. 

In  conclusion,  a  decree  of  March  31,  1905,  created  in  the  bureau  a 
committee  to  promote,  coordinate,  and  centralize  research  on  the 
numerous  scientific  problems  relating  to  the  improvement  of  the  soil, 
and  notably  questions  pertaining  to  the  following  subjects : 

Physical  and  mechanical  properties  of  the  soil  and  their  relation 
to  their  geologic  origin. 

Irrigation — the  composition,  action,  and  use  of  irrigating  water. 

Agricultural  utilization  of  the  refuse  and  waste  waters  of  indus- 
trial establishments. 

Research,  selectioi^,  and  culture  of  the  best  botanical  species  for 
introduction  and  propagation  on  irrigated  land,  poor  and  unculti- 
vated soils,  peat  or  boggy  land,  salt  lands,  and  others  to  be  improved. 

Meteorology  and  agricultural  physics. 

The  application  of  machines  and  motors  in  works  of  agricultural 
improvement  and  the  utilization  of  electric  power  in  agriculture  and 
TUTzl  industries. 

A  second  decree  of  December  26  of  the  same  year,  with  a  view  of 
developing  the  study  of  hydrology,  increased  the  membership  of  the 
committee  and  especially  charged  it  with  the  study  of  the  relations 
existing  between  precipitation  and  surface  and  underground  run-off. 
Included   also   were   the   investigation   of   the   various   influences 
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affecting  stream  flow  and  the  best  methods  of  utilizing  them  for  the 
development  of  power.  The  programme  further  embraced  the 
examination  of  various  questions  relating  to  the  circulation  of  under- 
ground waters  and  the  regularity  of  springs,  with  a  view  to  facilitat- 
ing the  utilization  of  their  waters  for  public  supply  and  laying  the 
foundations  for  new  legislation  to  insure  good  use  of  the  hydraulic 
wealth  contained  in  the  subsoil  of  the  national  territory. 

The  foregoing  remarks  describe  the  organization  and  functions  of 
the  bureau  of  hydraulics  and  agricultural  improvements.  We  shall 
now  take  up  in  detail  the  different  functions  of  the  branches  of  this 
bureau. 

THE  HYDRAUMC  SERVICE. 

FUNCTIONS. 

The  functions  of  the  hydraulic  service  are  manifold  and  complex, 
by  reason  of  the  diversity  of  government  work,  whose  purpose  it  is  to 
insure  the  best  possible  utilization  of  water  in  the  interest  of  the 
general  public.  The  Government  uses  various  means  to  perform  its 
mission  effectually.  It  endeavors  to  encourage  individual  initiative 
and  at  the  same  time  to  prevent  injury  to  the  general  public  and  even 
to  the  individuals.  Where  a  projected  enterprise  is  clearly  for  the 
public  good,  the  Government  takes  the  place  usually  assumed  by 
private  individuals. 

The  Government  exercises  this  intervention  through  the  hydraulic 
service,  especially  in  policing,  conserving,  and  controlling  waters 
which  do  not  form  a  part  of  the  public  domain. 

The  policing  of  the  waters  includes  the  removal  of  obstructions  to 
the  flow  of  water  in  ^channels  by  regular  dredging  and  cutting  of 
weeds  and  the  regulation  of  the  power  and  diversion  dams  to  the  end 
that  floods  shall  be  prevented  and  that  no  injury  shall  be  done  to  the 
public  water  supplies,  public  health,  and  other  general  interests 
downstream.  It  also  includes  measures  to  prevent  damage  by  pol- 
lution of  waters  by  industrial  wastes. 

The  Government  intervenes  in  the  adjudication  of  conflicting  claims 
to  water  supply  for  agriculture  and  other  industry,  when  the  interests 
demand  it.  To  insure  the  proper  control  and  utilization  of  waters, 
the  Government  grants  subsidies  to  defray  the  cost  of  conservation 
works  undertaken  by  communes  or  corporate  associations.  The  prin- 
cipal operations  subsidized  under  these  conditions  are  works  of  irriga- 
tion, reservoir  and  dam  construction,  drainage,  channel  rectification, 
bank  protection,  and  the  removal  of  silt  deposits.  Protection  works 
are  subventioned,  even  when  the  protection  is  from  watercourses 
belonging  to  the  public  domain  or  the  sea,  whenever  the  agricultural 
interests  involved  are  of  sufficient  importance  to  justify  the  inter- 
vention of  the  department  of  agriculture. 
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Finally,  projects  for  muii«ii|Hii  water  «»pply  constitute  a  special 
category  of  subsidized  enterprises.  Formerly,  the  subsidies  were  re- 
stricted to  rural  communes  having  a  population  of  less  than  1,000 
inhabitants.  The  law  of  Maccb  31,  1903,  however,  provided  that 
a  tax  of  1  per  cent  should  be  Ipvied  on  the  total  amount  of  money 
wagered  at  the  race  tracks,  the  proceeds  to  be  used  to  subsidize  com- 
munal projects  to  supply  drinliiing  water,  with  the  restriction  that 
this  subsidy  shall  not  be  granted  to  cities  where  the  value  of  the 
'^ centime"  (municipal  tax)  exceeds  1,000  francs  (about  $200).  The 
amount  of  the  subsidy  allowed  in  the  execution  of  this  law  is  determined 
by  a  computation  based  on  thejfiscal  obligations  of  the  commune  and 
the  per  capita  expense  of  the  work.  All  subsidized  enterprises  must 
be  approved  by  the  minister  of  agriculture,  who  makes  such  modi- 
fications in  the  plans  submitted  to  him  as  he  deems  necessary  to 
insure  their  effectiveness.  Tbuscxecution  of  the  work  is  under  the 
control  of  the  hydraulic  service. 

But  the  Government  does  not  confine  itself  to  subsidizing  corporate 
associations.  It  undertakes,  of  its  own  motion,  important  works  or 
those  presenting  special  teiiUlilSfl  difficulties,  and  instructs  the  hy- 
draulic service  to  take  up  ntudjos  that  it  considers  useful  or  that 
have  been  requested  by  the  communes  or  corporate  associations. 
Generally  a  part  of  the  expeaej^  must  be  borne  by  the  parties  inter- 
ested. The  hydraulic  service,  by  suggesting  the  proper  legislative 
measures  and  by  pursuing  the  necessary  studies  and  researches, 
endeavors  to  develop  every  method  of  utilizing  waters  likely  to  prove 
of  benefit  to  the  public.  Thus  it  took  up  the  modification  of  the  law 
of  June  21,  1865,  relating  to  corporate  associations,  and  the  law  of 
December  22,  1888,  enacted  through  the  efforts  of  the  service,  ex- 
tended the  benefits  to  a  number  of  enterprises  not  included  in  the 
first  law.  The  later- law  also  changed  the  conditions  relating  to  the 
majority  necessary  to  constitute  a  corporate  association.  It  facili- 
tated the  creation  of  associations  to  be  organized  for  the  purpose 
of  executing  works  for  the  improvement  of  the  soil,  irrigation,  drain- 
age, etc.  In  effect,  the  law  oi  18G5  required  for  the  formation  of 
these  societies  the  unanimous  consent  of  all  the  parties  interested; 
the  law  of  1888  permits  the  majority  to  overrule  the  minority,  pro- 
vided the  object  of  the  association  has  been  declared  a  work  of  public 
utility  by  the  council  of  state. 

In  another  line  of  effort,  the  hydraulic  service  has  endeavored 
to  encourage  the  development  of  hydro-electric  power  and  its  appli- 
cation to  agricultural  and  otliai^industriaL  purposes.  Although  nu- 
merous and  important  factories,  run  entirely  by  "  white  coal,"  have 
been  erected  for  some  years  in  the  mountainous  regions,  notably 
among  the  Alps,  it  is  recognized  that  measures  must  be  taken  to 
encourage  their  further  installation.     To  this  end  on  January  15, 
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1904,  the  minister  of  agriculture  laid  before  the  Chamber  of  Deputies 
a  bill  relating  to  power  plants  on  nonnavigable  streams.  This 
measure  was  designed  to  facilitate  the  control  of  these  watercourses, 
and  also  the  utilization  of  their  latent  energy,  while  respecting  the 
rights  of  riparian  proprietors  and  the  interests  of  irrigators. 

A  force  has  been  organized  to  prepare  an  inventory  of  the  unutil- 
ized resources  of  the  watercourses  in  the  Alps  and  the  Pyrenees,  and  to 
seek  methods  of  exploiting  them.  This  hydrologic  study  is  to  be 
generalized  and  extended  to  the  rest  of  the  territory  in  order  to 
amplify  and  improve  previous  studies  of  the  volume  and  regularity 
of  nonnavigable  streams.  Investigation  will  be  made  of  the  extent 
and  regularity  of  subterranean  waters  and  the  flow  of  springs  fed 
by  them.  These  researches,  which  are  important  because  of  the 
daily  increasing  use  of  such  waters  for  domestic  supply,  wUl  form 
the  basis  of  new  legislation  relative  thereto. 

The  following  review  gives  some  idea  of  the  principal  work  done 
by  the  hydraulic  .service  and  fittingly  complements  the  preceding 
statement  of  its  functions. 

NOXIOUS  WATERS. 
DRAINAGE    AND    SOIL    IMPROVEMENT. 

Works  of  this  nature  are  designed  to  improve  the  public  health 
and  to  substitute  cultivated  fields  for  areas  covered  with  water. 
These  fields  are  usually  very  fertile,  especially  when  irrigated.  Works 
of  this  kind  are  usually  constructed  by  the  concessionnaires  or  by 
corporate  associations,  but  many  operations  of  considerable  impor- 
tance have  been  undertaken  or  are  now  projected  by  the  Government. 

Among  the  drainage  works  undertaken  within  the  past  thirty  years 
may  be  cited  the  draining  of  the  Fos  marshes  (Bouches-du-Rhone), 
and  among  the  projects  soon  to  be  undertaken  the  draining  of  the 
pool  of  Arnel  (Herault). 

Among  the  principal  enterprises  for  soil  improvement  fully  ex- 
ecuted or  terminated  since  1870  must  be  mentioned  the  moors  of 
Gaseony  (Gironde  et  Landes),  covering  an  area  of  800,000  hectares 
(3,088  square  miles) ;  the  Sologne  (Loiret,  Loir-et-Cher,  Cher)  ex- 
tending over  500,000  hectares  (1,980  square  miles);  the  Dombes 
(Ain),  112,700  hectares  (435  square  miles);  and  the  Double  (Dor- 
dogne),  50,000  hectares  (193  square  miles).  Works  for  the  improve- 
ment of  the  plain  of  Forez  (Loire),  which  has  an  area  of  60,000  hec- 
tares (232  square  miles),  are  now  in  course  of  construction.  This 
enterprise  includes  the  building  of  an  irrigation  canal,  which  will 
enhance  the  value  of  the  reclaimed  lands. 

The  Government  has  contributed  largely  to  defraying  the  cost  of 
all  these  enterprises.     The   work  has  remarkably  ameliorated  the 
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conditions  of  human  life  in  these  regions  and  has  at  the  same  time 
greatly  increased  the  territorial  wealth  of  the  country.  Take,  for 
example,  the  moors  of  Gascony;  the  average  price  of  the  land  per 
hectare  has  risen  from  65  to  270  francs  ($13  to  $54) ;  the  average 
length  of  life,  formerly  34  years  and  9  months,  is  now  39  years,  a 
higher  average  than  that  for  the  whole  country.  The  pines  of  Landes, 
which  cover  immense  tracts  of  improved  lands,  have  added  to  the 
wealth  of  the  country  by  the  commerce  in  timber,  resin,  etc.,  to  which 
they  give  rise.  The  general  well-being  is  increased  and  there  has 
been  a  notable  growth  in  the  public  revenues. 

In  Sologne  the  moors,  which  were  formerly  uncultivated,  are  to- 
day covered  with  woods  over  an  area  of  more  than  250,000  hectares 
(965  square  miles).  Since  the  beginning  of  the  works  the  popula- 
tion of  Sologne  has  increased  20  per  cent,  while  that  of  neighboring 
regions  has  grown  only  10  per  cent.  In  the  Dombes  country,  for- 
merly the  most  unhealthful  region  in  France,  the  work  of  improve- 
ment has  resulted  in  diminishing  the  fever  cases  by  five-sixths.  Simi- 
lar results  have  been  obtained  on  the  plain  of  Forez,  where,  thanks  to 
irrigation,  land  values  have  increased  enormously. 

There  is  one  enterprise  now  projected  and  soon  to  be  begun,  if 
Parliament  grants  the  necessary  funds',  with  which,  so  far  as  the 
results  to  be  obtained  are  concerned,  only  the  improvement  of  Landes 
can  be  compared — that  is,  the  drainage  of  the  east  coast  of  Corsica. 
This  is  a  vast  project,  which  includes  the  filling  up  and  drainage  of 
insalubrious  marshes  and  pools  and  the  improvement  of  the  mouths 
of  rivers.  This  work  is  to  be  completed  by  the  construction  of  a 
system  of  canals  for  the  conveyance  of  good  drinking  water,  so  indis- 
pensable to  the  health  of  the  communes  interested.  When  the  work 
is  completed  we  may  expect  a  transformation  of  a  region  now 
devastated  by  malaria  extending  over  more  than  100,000  hectares 
(386  square  miles). 

CLEANSING    AND    STRAIGHTEN  INC  J    WATERCOl'RSES. 

These  operations,  which  are  necessary  to  insure  the  free  flow  of 
waters  and  which  have  considerable  influence  on  the  salubrity  of 
river  lands,  are  particularly  delicate  and  require  the  constant  atten- 
tion of  the  hydraulic  service.  The  importance  of  the  work  accom- 
plished is  demonstrated  by  the  length  of  the  streams  annually 
cleaned,  which  extend  over  more  than  13,000  kilometers  (8,080  miles) 
and  drain  an  area  of  more  than  420,000  hectares  (1,622  square  miles). 
Sometimes  it  is  necessary  to  complete  the  work  of  cleaning  and  weed 
cutting  by  straightening  and  deepening  the  channel.  As  an  instance 
we  may  point  to  the  work  recently  done  on  the  Conie  (Eure-et-Loir), 
which  covered  more  than  150  kilometers  (93  miles)  of  the  river. 
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DAMS   AND   PROTECTION   OF  BANKS. 

This  work,  by  which  lands  of  great  value  are  preserved  and  brought 
under  cultivation,  serves  also  in  certain  cases  to  protect  dwellings. 
The  work  is  done  by  corporate  associations,  with  important  subsidies 
from  the  Government.  The  most  unportant  enterprises  of  this  nature 
have  been  completed  m  regions  exposed  to  the  ravages  of  torrents, 
such  as  the  Jura,  the  Pyrenees,  and  the  Alps. 

But  it  is  not  only  against  river  waters  that  we  must  protect  culti- 
vated lands.  The  sea  also  commits  depredations,  and  important  dike 
work  has  been  undertaken  to  restrain  its  incursions.  .In  this  connec- 
tion the  repair  of  the  dikes  encircling  the  salt  marshes  of  Guerande 
may  be  cited.  This  great  enterprise,  which  has  cost  not  less  than 
300,000  francs  (about  $56,000),  will  preserve  to  the  salt  industry  an 
important  area,  which  was  menaced  by  the  encroachments  of  the  sea. 

USEFUL  WATEBS. 
IRRIGATION   AND   SUBMERSION. 

The  hydraulic  service  has  directed  its  efforts  principally  to  the 
development  of  irrigation  of  lands  not  bordering  on  rivers.  Such 
lands  can  be  watered  only  by  the  construction  of  irrigation  canals. 
These  are  built  either  by  corporate  associations  or  by  associations  of 
concessionnaires.  The  Government  subsidizes  such  enterprises,  leav- 
ing, however,  a  large  part  of  the  expense  to  be  borne  by  those 
interested. 

Since  1870  eight  large  irrigation  canals  have  been  constructed,  with 
a  delivering  capacity  exceeding  1,000  litei-s  per  second  (35  second- 
feet).  Twelve  more  large  canals  were  projected  and  are  now  com- 
pleted or  about  to  be  completed. 

In  addition  to  canals  for  watering  the  land  must  be  mentioned 
those  for  the  submersion  of  vineyards,  constructed  in  the  Department 
of  Aude  between  1880  and  1890,  after  the  invasion  of  phylloxera. 
These  canals  are  designed  to  enable  the  vine  grower  to  keep  his  vines 
under  water  in  winter  to  a  depth  of  30  or  40  centimeters  (0.98  to  1.31 
feet)  for  a  period  of  forty  to  sixty  days.  The  canals  of  Aude  serve  a 
vineyard  area  of  11,000  hectares  (42.5  square  miles),  of  which  7,225 
hectares  (27.9  square  miles)  have  been  submerged  since  the  comple- 
tion of  the  work.  They  were  built  by  the  Government  at  a  cost  of 
more  than  5,000,000  francs  ($1,000,000)  and  were  first  put  under  the 
charge  of  the  corporate  associations  interested,  but  were  finally  trans- 
ferred to  them  entirely  on  condition  of  the  payment  in  annual  install- 
ments of  two-thirds  of  the  cost  price  advanced  by  the  treasury. 

The  irrigation  canals  proper  are  situated  in  the  arid  region  of  the 
southeast.     Irrigation   alone  renders  possible  truck  gardening  and 
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the  culture  of  fruits  and  flowers,  which  are  shipped  as  far  as  Paris. 
Flowers  for  perfumery  are  cultivated  on  a  large  scale  in  the  Depart- 
ments of  Var  and  Alpes-Maritimes.  The  market  for  aromatic  flowers 
in  the  city  of  Grasse  owes  its  importance  wholly  to  the  proximity  of 
the  Siagne  canal. 

Finally,  the  service  will  study  the  question  whether  it  will  not  be 
profitable  to  extend  irrigation  projects  in  certain  regions  by  pumping 
water  to  fields  not  susceptible  of  irrigation  by  gravity  canals.  It  is 
possible  that,  by  selling  the  surplus  power  thus  obtained,  water  can 
thereby  be  supplied  for  agricultural  purposes  at  a  price  more  com- 
mensurate wnth  the  returns  from  the  land. 

INCRE.V8INO    THE    REGULARITY    OF    STREAM    FLOW. 

In  the  Midi,  where  irrigation  is  especially  well  developed,  the 
volume  of  the  streams  is  frequently  insufficient  in  the  dry  season  to 
meet  all  the  requirements  of  irrigation.  Although  the  quantity  of 
water  allow^ed  to  each  irrigator  has  been  reduced  to  bare  necessity,  it 
frequently  happens  that  the  lack  of  water  brings  ruin  to  agriculture. 
This  distressing  condition  is  remedied  by  the  construction  of  reser- 
voirs in  the  more  elevated,  parts  of  the  valley  in  which  considerable 
quantities  of  water  are  stored  up  in  times  of  plenty  for  use  when  the 
dry  season  sets  in.  These  works  are  important  for  another  reason. 
By  regulating  the  volume  of  the  streams,  they  increase  the  available 
water  power  in  the  streams  below. 

Among  the  operations  of  this  kind  is  included  the  regulation  of 
the  volume  of  the  streams  flowing  from  the  plateau  of  Lannemezan 
(upper  Pyrenees).  This  regulation  is  accomplished  by  means  of  a 
canal  which  draws  water  from  the  river  Neste.  As  the  Neste  was  not 
of  sufficient  volume  to  assure  at  all  times  a  sufficient  flow  in  the  canal, 
the  Government  had  to  supplement  its  volume  artificially.  For  this 
purpose  the  lakes  of  Oredon,  Caillaouas,  Aumar,  and  Cap  de  Long, 
situated  in  the  Pyrenees,  have  been  transformed  into  reservoirs. 
During  the  dry  season  the  waters  from  these  lakes  are  diverted  into 
the  Neste. 

MUNICIPAL  WATER  SUPPLIES. 

As  has  been  said  above,  under  the  law  of  March  31,  1903,  a  tax  of 
1  per  cent  is  levied  on  the  money  put  up  in  wagers  under  certain  con- 
ditions, and  from  the  sums  thus  collected  subsidies  are  granted  to 
communes  who  apply  for  them  for  the  construction  of  aqueducts  for 
drinking  water.  The  applications  for  subsidies  are  submitted  to  the 
special  conmiission  nientioned  above,  which  approves  them  after  a 
thorough  investigation  of  the  projects  by  the  agents  of  the  hydraulic 
service.    This  examination  covers  several  entirely  distinct  subjects. 
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First,  the  hydraulic  service  must  ascertain  under  what  conditions  and 
with  what  restrictions  the  contemplated  conveyance  can  be  author- 
ized, in  order  to  determine  whether  it  shall  or  shall  not  be  subsidized. 
This  is  indispensable,  as  by  law  the  rights  and  interests  of  all  users 
of  the  waters  from  which  the  supply  is  to  be  derived  must  be  safe- 
guarded. Also,  the  engineers  of  the  hydraulic  service  are  required  to 
verify  every  detail  of  the  enterprise;  to  see  whether  the  plans  are 
technically  correct  and  well  adapted  to  accomplish  the  end  in  view; 
and,  finally,  to  determine  whether  the  work  is  planned  as  economically 
as  possible.''  After  these  data  have  been  obtained  in  the  field  the 
bureau  of  hydraulics  and  agricultural  improvements  submits  the  pro- 
jected enterprise  to  its  technical  advisers  for  another  examination.  If 
advisable,  it  takes  the  necessary  steps  to  have  the  enterprise  declared 
of  public  utility,  and  finally  gives  to  the  commission  on  subsidies  a  full 
and  clear  statement  of  all  the  facts. 

The  subsidies  are  paid  to  the  communes  in  installments  propor- 
tioned to  the  expense  actually  incurred,  after  it  has  been  proved  that 
the  work  has  been  properly  done  and  that  no  modifications  have  been 
made  in  the  plans  whereby  their  value  might  be  impaired. 

After  the  experience  of  three  years  we  may  safely  assert  that  the 
law  of  March  31,  1903,  has  resulted  in  a  considerable  increase  in  com- 
munal enterprises  for  the  conveyance  of  drinking  water,  and  that  the 
effect  on  public  health  has  been  most  gratifying. 

REGULATIONS  FOR   FACTORIES. 

The  number  of  factories  annually  regulated  is  large,  about  580. 
In  recent  years  this  regulation  has  been  particularly  important  be- 
cause of  the  increased  number  of  large  factories  using  much  power. 
The  operations  of  these  establishments  greatly  influence  the  regularity 
of  the  streams  and  necessitate  the  building  of  very  high  dams.  In 
addition  to  supervising  the  conditions  affecting  the  flow  of  the  water 
and  the  health  of  the  community,  the  administration,  by  virtue  of 
its  police  powers,  sees  to  it  that  the  structures  are  so  strongly  built 
that  all  danger  therefrom  to  dwellers  downstream  is  removed. 

THE  AGRICULTURAL.  IMPROVEMENTS   SERVICE. 

By  the  terms  of  article  1  of  the  decree  of  April  5,  1903,  cited  above, 
the  principal  improvement  works  which  the  service  has  undertaken 
are  as  follows:  (1)  Agricultural  utilization  of  waters;  (2)  drainage 
and  improvement  of  the  soil;  (3)  redistribution  and  exchange  of  par- 
cels of  lands  and  farm  roads;  (4)  construction  of  rural  buildings, 
small  agricultural  industries,  and  other  land  improvements. 

« In  addition  to  their  duty  as  supervisors,  the  engineers  of  the  service  are  at  the  com- 
mand of  the  communes  to  prepare,  on  request  as  communal  engineers,  all  plans  for  the 
installation  of  domestic  water  supply. 
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AQBICTTLTXTRAL  UTILIZATION   OF  WATEBS. 

At  present  most  farmers  confine  their  efforts  to  constructing  canals, 
ditches,  etc.,  and  do  not  interest  themselves  sufficiently  in  the 
rational  management  of  the  surfaces  irrigated  or  in  the  distri- 
bution of  water  in  conformity  with  seasons  and  crops.  They 
do  not  introduce  sufficient  system  into  their  irrigation  work.  As 
each  farmer  irrigates  at  will  his  own  parcel  of  land,  sometimes  use- 
lessly and  often  at  cross  purposes  with  his  neighbor,  they  frequently 
obtain  poor  results,  entirely  disproportionate  to  the  expense  in- 
curred, and  waste,  to  their  own  and  to  others'  injury,  the  water  at 
their  disposal.  In  order  to  avert  such  misuse,  the  agricultural  im- 
provements service  acts  as  guide  to  the  farmers.  It  prepares  the 
plans  for  the  proprietors  or  syndicates,  and  in  this  way  completes 
the  work  of  the  hydraulic  service.  This  aid  is  given  not  only 
to  cultivators  desiring  to  utilize  the  waters  supplied  by  the  large 
irrigation  canals,  but  also  to  those  who  wish  to  make  direct  use  of  the 
small  streams.  Some  idea  of  the  importance  of  this  work  may  be 
realized  if  we  note  that  after  deducting  from  the  water  in  our  rivers 
the  amount  necessary  for  food  and  domestic  purposes,  sufficient 
volume  remains  to  irrigate  12,000,000  hectares  (46,820  square  miles), 
putting  the  irrigation  at  15,000  cubic  meters  per  hectare  (4.92  acre- 
feet  per  acre)  a  year,  the  generally  accepted  average.  In  this  connec- 
tion it  may  be  remarked  that  the  little  streams  which  the  farmers  can 
use  directly  are  of  considerable  importance.  Those  having  an  aver- 
age length  of  2  to  5  kilometers  and  a  basin  of  not  more  than  2,000 
hectares  (7.7  square  miles)  represent  about  85  per  cent  of  the  water- 
courses of  our  country. 

DRAINAGE  AND  IMPROVEMENT  OF  THE  SOIL. 

The  theory  and  practice  of  drainage  have  made  important  progress 
in  recent  years,  and  the  methods  of  subterranean  drainage,  invented 
about  the  middle  of  the  last  century,  have  also  been  much  improved. 
The  art  of  the  drainer  at  first  covered  a  few  practical  rules,  but  it 
has  gradually  developed  until  now  we  have  a  fairly  complete  system 
which  enables  us  to  substitute  rational  processes  for  old  empirical 
methods.  These  processes  have  become  more  definite  and  economical 
and  insure  constructions  of  almost  limitless  duration.  Under  these 
conditions  it  is  evident  that  drainage  to-day  constitutes  a  special  art, 
possessing  its  own  peculiar  technique  and  requiring  deep  study  and 
preliminary  apprenticeship.  The  study  of  such  projects,  as  well  as 
the  supervision  and  direction  of  the  works,  has  been  intrusted  to  the 
agricultural  improvements  service. 

Special  privileges  relating  to  the  flow  of  waters  were  granted  to 
drainage  enterprises  by  the  law  of  June  10,  1854.     Another  law  of 
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July  17,  1856,  brought  in  by  theXji^attwaiment,  appropriated  the  sum 
of  100,000,000  francs  ($20,000,000)  for  loans  to  drainage  works.  By 
the  terms  of  an  agreement  concli^j|^^.pril  28,  1858,  between  the 
minister  of  finance  and  the  minister  of  agriculture  and  Credit 
Foncier,  the  latter  assumed ^the  burden  of  these  loans.  The  loans, 
bearing  4  per  cent  interest,  arepay^^^n  twenty-five  annual  install- 
ments of  6.41  per  cent  of  the  suin,.l^SI^orrower  having  the  right  to 
pay  back  the  whole  or  a  part  al^'myfcie  during  that  period.  The 
payment  of  4hese  installmenls  is  seciffeePin  the  same  manner  as  are  the 
direct  taxes.  To  cover  these  loans  th^>edit  Foncier  has  a  lien  on  the 
crops  and  the  right  to  take  a  mortgft^piM)n  the  drained  lands.  Ordi- 
narily the  Credit  Foncier  contents  itself  with  a  mortgage  without 
having  recourse  to  the  formalities  iSece^sary  to  insure  its  rights. 

This  legislation  in  favor  of  drainage  enterprises  is  justified  by  the 
importance  to  agriculture  of  this  form  of  land  improvement.  Ac- 
cording to  a  report  made  hx  the  x^a^^^f  the  superior  commission  on 
the  control  of  waters,  organized  T^J^O  in  the  ministry  of  public 
works  by  M.  d^  Freycin^,  t^p^kwp  in  France  not  less  than 
4,000,000  hectares  (15,440  square  imies),  which  could  be  drained  to 
advantage.  The  area  was  probably  even  larger,  as  a  statement  con- 
tained in  the  law  of  April  17,  1851>^.  estimates  it  at  not  less  than 
9,000,000  hectares  (34,740  sqnurG  mj#S7r 

BEDISTBIBUTION— FABM  BOADS— BEMAKINQ  THE  CADASTER. 

The  agricultural  disadvantages  resulting  from  the  parceling  out  of 
the  land  into  small  units  caused  theQjugfnment  to  take  up  the  question 
of  redistribution.  The  ministei:pf4i^||Mmlture  summarized  the  advan- 
tages which  would  result  from  cottoning  these  small  parcels,  as 
follows:  Economjc^^niploy.ment  of  iniDpoved  implements,  impossible 
of  use  on  separate'^Small  units  ofTf^^^  easy  supervision  of  cultural 
operations;  easy  access  to  roads;  independence  of  neighbors  in  the 
distribution  of  crops;  facility  of  transportation;  easy  determination 
of  boundaries;  simplification  of  tU^^l^ypd  plots  of  property;  reduc- 
tion of  the  cost  of  cultivation;  possibility  of  cooperation  in  drainage, 
irrigation,  dams,  and  straighteniQg||||g|p'courses;  repair  of  roads,  etc. 

Free  exchange  was  facilitated  bvThe  law  of  November  3,  1884, 
which  in  certain  cases  reduces  th^  ^|«M|^tional  dues  from  6.7  francs 
to  0.20  franc  per  hundrecL  ($1.3^!^^X  cents).  But  these  isolated 
exchanges  are  by  ;no.  inean<?  so  iniff^J^^as  a  general  rearrangement 
of  boundaries,  which  can  be  accjam^ished  only  by  the  corporate 
associations,  established  lii  conforimrywith  the  laws  of  June  21, 
18C5,  and  December  22,  1888."  Tt  is  to  be  hoped  that  the  passage  of 
the  law  of  March  17,  1898,  which  was  completed  by  the  decree  of 
June  9,  1898,  and  of  the  fiscal  law  of  April  13,  1900,  articles  19  to  21, 
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designed  to  hasten  the  revision  of  the  cadaster,  will  enable  us  so  to 
profit  by  this  operation  that  the  improvements  hitherto  described 
may  be  made  at  very  little  expense.  Certain  modifications  must  be 
made  in  existing  laws  to  secure  full  benefit  from  the  measures  already 
passed  by  Parliament.  The  organization  of  the  agricultural  improve- 
ments service  in  the  ministry  of  agriculture  is  a  long  step  toward  this 
accomplishment.  The  work  is  further  aided  by  the  agreement  of 
19(M  with  the  office  of  direct  taxes,  through  which  the  cadastral 
service  and  the  agricultural  improvements  service  can  coof>erate  in 
the  necessary  operations. 

From  now  on  the  agricultural  improvements  service  will  engage  in 
systematic  construction  of  farm  roads,  which  will  not  diminish  the 
land  parcels,  but  will  minimize  the  disastrous  consequences  of  the 
parcel  system.  These  roads  can  be  built  at  a  moderate  cost,  and  the 
work  entailed  can  be  put  under  the  control  of  free  or  commissioned 
corporate  associations.  The  advantages  that  would  accrue  are  as  fol- 
lows: They  will  supply  outlets  for  the  land  parcels,  thus  giving  right 
of  way  to  both  the  principal  and  the  dependent  properties,  and  by 
so  doing  removing  a  pregnant  cause  of  vexations  and  lawsuits. 
They  will  open  to  cultivation  closed-in  lands,  which  have  been  left 
uncultivated  because  of  the  impossibility  of  cultivating  at  the  desired 
period.  Finally,  they  will  enable  the  intelligent  farmer  to  cultivate 
when  and  as  he  wishes  and  give  him  freedom  in  the  distribution  of 
his  crops. 

BUBAL  BUILDINGS. 

The  construction  of  farm  buildings  and  the  erection  and  manage- 
ment of  industrial  establishments  as  an  adjunct  to  the  farm  necessi- 
tate an  ever-increasing  fund  of  special  knowledge  which  is  rarely 
po^essed  by  any  one  person.  In  fact,  the  people  usually  engaged 
in  putting  up  farm  buildings  are  not  progressive,  either  in  France  or 
elsewhere,  and  are  not  in  touch  with  the  improvements  in  agricul- 
tural industries  and  industrial  equipment.  At  this  time,  when  new 
methods  of  culture  and  economic  necessities  often  render  imperative 
a  complete  change  of  agricultural  equipment,  the  small  farmers  find 
the  agricultural  improvements  service  an  invaluable  aid.  They  can 
call  in  the  aid  of  this  service  whenever  they  want  to  utilize  the 
power  of  a  waterfall  for  the  generation  of  electric  power,  and  apply 
the  energy  to  numerous  agricultural  uses,  such  as  the  lighting  of 
farm  buildings  and  the  operation  of  various  agricultural  apparatus, 
such  as  thrashing  machines,  crushers,  grinders,  churns,  saws,  etc. 

This  use  of  electricity  in  many  cases  transforms  farm  operations 
and  facilitates  the  development  of  small  rural  industries. 

The  service  also  renders  very  important  aid  in  the  construction  of 
cooperative  buildings.    The  small  farmers,  who  by  force  of  circum- 
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stances  are  compelled  to  resort  more  and  more  to  cooperation  in 
farming  operations,  need  establishments  of  a  truly  industrial  char- 
acter. Very  often  when  a  question  arises  concerning  the  erection 
of  a  building  and  its  interior  arrangement  they  lack  the  knowledge 
to  estimate  the  expense  involved  and  the  profits  to  be  derived  and 
to  make  the  necessary  plans.  They  can  call  on  the  service,  however, 
to  study  and  prepare  the  plans,  and  thus  they  receive  the  moral  and 
material  support  they  need.  These  projects  relate  to  dairies,  cheese 
dairies,  distilleries,  caves,  cellars,  granaries,  refrigerating  plants  for 
farm  products,  and  all  other  cooperative  establishments. 

IMPBOVEMENT  OF  POOB  OB  UNCULTIVATED  LAND. 

Waste  lands,  moors,  pasture  commons,  heaths,  marshes,  bogs,  etc., 
cover  a  considerable  area  in  France^  amounting,  according  to  the 
agricultural  statistics  of  1802,  to  6,226,185  hectares,  or  11.77  per  cent 
of  the  total  area  and  12.336  per  cent  of  the  agricultural  land. 
Forestation  is  the  only  possible  method  of  utilizing  a  large  part  of 
this  area,  especially  the  rocky  soil  and  mountain  lands.  Other  lands, 
on  the  contrary,  such  as  moors,  heaths,  marshes,  etc.,  can  be  made 
valuable  by  drainage,  clearing,  breaking  up,  etc.,  and  by  the  building 
of  roads  to  permit  transportation  of  the  necessary  fertilizers  and 
other  important  adjuncts  to  agriculture. 

We  may  mention,  in  the  category  of  lands  capable  of  agricultural 
utilization,  peat  soils  proper,  to  which  must  be  added  a  large  number 
of  more  or  less  peaty  pockets  formed  by  vegetation  whose  decomposi- 
tion is  not  sufficiently  advanced  to  form  real  peat.  Such  deposits  are 
found  everywhere,  especially  in  the  granitic  soils  of  the  Vosges,  Mor- 
van,  the  central  plateau,  Brittany,  etc.  These  lands,  if  given  the 
proper  drainage  and  cultivation,  would  in  many  localities  give  large 
returns. 

There  are  difficulties  in  the  improvement  of  another  kind  of  soil, 
the  salt  marshes.  The  agricultural  improvements  service  has  several 
times  had  to  take  up  the  very  complex  problem  of  bringing  Camargue 
under  cultivation,  this  island  in  certain  places  requiring  methodical 
desalting  in  addition  to  improvement  by  drainage. 

MISCELLANEOUS  IMPBOVEMENTS. 

In  addition  to  the  works  enumerated  above,  we  must  mention 
among  the  subjects  engaging  the  attention  of  the  agricultural  im- 
provements service  the  agricultural  utilization  of  refuse  and  residuary 
waters  from  industrial  establishments,  the  water  supply  of  farms 
and  rural  exploitations,  the  construction  of  cables  for  facilitating  or 
rendering  possible  the  exploitation  of  land  difficult  of  access,  etc. 
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METEOBOLOGY. 

The  bureau  of  hydraulics  and  agricultural  improvements  has  under 
its  charge  all  functions  pertaining  to  agricultural  meteorology.  It 
^Tihsidizes  various  meteorologic  stations  and  interests  itself  particu- 
larly in  the  use  of  ordnance  as  a  protection  against  hail,  which  is 
becoming  a  general  practice  throughout  France.  It  grants  subsidies 
to  associations  organized  for  protection  against  hail,  frost,  and  other 
inclemencies  of  weather  injurious  to  crops. 

In  spite  of  the  increasing  confidence  of  the  rural  population  in  the 
efficiencj^  of  ordnance  as  a  protection  against  hail,  the  effectiveness  of 
this  method  has  not  yet  been  fully  established.  Very  diverse  engines 
are  used  for  this  purpose,  namely,  cannon,  rockets,  bombs,  petards, 
and  many  others,  all  of  which  have  their  partisans.  The  committee 
of  the  bureau  of  hydraulics  and  agricultural  improvements  is  study- 
ing the  subject  scientifically  and  making  experiments  to  determine 
the  value  of  this  method  of  defense  and  the  relative  value  of  the 
various  engines  used. 
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FEDERAL.  STATUTES  AND  POWERS. 

EFFECT  OF  THE  DESEBT-LAND  ACT. 

The  authority  of  the  Federal  Government  over  waters  within  the 
United  States  is  of  two  kinds — by  right  of  sovereignty  and  by  ri^ht 
of  proprietorship.  The  sovereignty  is  generally  believed  to  be  lim- 
ited, except  in  the  Territories,  to  the  right  to  use  designated  streams 
and  watercourses  for  purposes  of  commerce.  Such  limited  sover- 
eignty was  given  to  the  United  States  by  the  eighth  section  of  Article 
I  of  the  Constitution.  All  things  necessary  to  the  maintenance  and 
improvement  of  navigation  of  these  waters  are  subject  to  the  abso- 
lute control  of  the  Federal  Government,  but  with  this  the  sover- 
eignty apparently  ceases.  This  point  is,  however,  not  well  settled. 
There  is  considerable  disagreement  as  to  the  limitation  that  may  be 
placed  upon  the  scope  of  the  commerce  clause.  It  is  contended  by  a 
few  that  the  authority  is  confined  to  the  local  adjustment  and  control 
of  navigable  channels,  while  others  hold  that  the  control  extends  to 
the  uttermost  tributaries  in  a  drainage  area,  if  such  control  is  neces- 
sary to  the  regulation  of  the  channels  actually  used  for  transporta- 
tion. The  latter  appears  to  be  the  view  of  the  Supreme  Court  of  the 
United  States.  (United  States  v.  Rio  Grande  Irrigation  Co.,  174 
U.  S.,  pp.  G90-710.) 

The  authority  of  the  Federal  Government  over  waters  by  right  of 
proprietorship  persists  only  where  the  Government  is  an  actual  pro- 
prietor of  land  bordering  watercourses,  as  in  the  public-land  States  of 
the  West.  It  is  commonly  believed  that  in  such  cases  the  Federal 
Government  is  subject,  in  common  with  all  other  proprietors,  to  state 
water  laws.  The  waters  of  the  public  domain  belonged  originally  to 
the  Fe<leral  Government,  but  the  usufruct  thereof  was  conveyed  by 
statute  'from  time  to  time  as  the  land  was  settled  and  sovereign 
States  were  organized.  The  rights  of  appropriation  and  use  of  the 
waters  of  the  public-land  States  was  conveyed  to  the  people  by  an  act 
of  Congress  entitled  "An  act  to  provide  for  the  sale  of  desert  lands  in 
108 
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certain  States  and  Territories,"  approved  March  3,  1877  (Stat.  L., 
vol.  19,  p.  377).    The  part  of  the  act  referred  to  is  as  follows: 

Pro9idcd,  however.  That  the  right  to  the  use  of  water  by  the  person  so  con- 
duct loir  the  same  on  or  to  any  tract  of  desert  land  of  640  acres  shall  depend 
upon  bona  fide  prior  appropriation ;  and  such  right  shall  not  exceed  the  amount 
of  water  actually  appropriated  and  necessarily  used  for  the  purpose  of  irrigation 
and  reclamation;  and  all  surplus  water  over  and  above  such  actual  appropriation 
and  use,  together  with  the  water  of  all  lakes,  rivers,  and  other  sources  of  water 
supply  upon  the  public  land  and  not  navigable,  shall  remain  and  be  held  free  for 
the  appropriation  and  use  of  the  public  for  irrigation,  mining,  and  manufac^ 
turing  puri>ose8,  subject  to  existing  rights. 

The  effect  of  this  law  is  set  forth  in  an  opinion  of  the  supreme  court 
of  the  State  of  Oregon,  as  follows : 

Annie  C.  Hough  et  at.  v.  H.  A,  D,  Porter  et  al. 

Opinion  by  Mr.  Commissioner  King. 

The  principal  contention  of  api)ellant8  as  first  urged  was  that  the  court  acted 
without  jurisdiction  in  directing  that  all  i^ersons  interested  in  the  lands  border- 
ing on  Silver  Creek,  its  tributaries  and  channels,  be  made  parties  to  the  suit, 
and  that  such  action  on  the  part  of  the  court  constituted  reversible  error.  These 
questions  of  practice,  with  matters  incidental  thereto,  were  determined  ad- 
versely to  counsers  contention  (95  Pac,  732),  and  the  cause  was  set  down  for 
further  argument  on  the  main  points  involved,  principal  among  which  is  that 
of  riparian  rights,  as  affected  by  the  act  of  Congress  of  March  3,  1877,  known 
as  the  desert-land  act:  t6.,  752.  This  question  and  the  points  formerly  de- 
termined were  fully  discussed  at  the  reargument.  After  a  reconsideration  of 
the  questions  of  practice  presented  we  find  no  reason  to  depart  from  the  con- 
clusions announc»ed  in  our  former  opinion. 

We  come  then  to  a  consideration  of  the  desert-land  act,  as  to  its  effect  uiwn 
the  parties  hereto  owning  lands  upon  the  streams  involved,  the  rights  of  each 
of  whom  have  attached  since  the  passage  of  the  act.  This  confronts  us  with 
the  legal  problem  as  to  whether  any  are  riparian  owners;  and,  if  so,  to  what 
extent  and  what  bearing  their  claims  as  such  have  upon  the  water  rights  in 
question. 

It  has  become  a  matter  of  history  that  prior  to  any  laws  upon  the  subject 
tbe  use  of  water  was  exercised  under  a  custom  permitting  any  person  to  go 
upon  a  stream,  or  other  source  of  water  supply  upon  the  public  domain,  and 
divert  water  therefrom  wherever  and  whenever  needed,  provided  the  use  thereof 
did  not  interfere  with  the  prior  rights  of  others.  In  other  words,  priority  in 
the  diversion  and  use  determined  the  rights  of  all  conflicting  claimants.  This 
procedure  was  encouraged  and  acquiesced  in  by  the  Government  for  many 
years  throughout  the  Pacific  coast  States,  until  in  recognition  thereof  the  act 
of  Congress  of  July  26,  1S66  (7  Fed.  Stat  Ann.,  1090),  was  adopted,  which 
provided : 

**  Whenever,  by  priority  of  possession,  rights  to  the  use  of  water  for  mlnlngt 
ajo'icultural,  manufacturing,  or  other  purposes  have  vested  and  accrued,  and 
the  same  are  recognized  and  acknowledged  by  the  local  customs,  laws,  and  the 
decisions  of  courts,  the  possessors  and  owners  of  such  vested  rights  shall  be 
maintained  and<f)rotectetl  In  the  same;  and  the  right  of  way  for  the  construc- 
tion of  ditches  and  canals  for  the  purposes  herein  specified  is  acknowledged 
and  confirmed    ♦     ♦     ♦ " 
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This  act  constituted  a  recognition  of  preexisting  rights  rather  than  a  crea- 
tion of  any  new  one,  and  accordingly  recognized  and  assented  to  appropriation 
of  water  in  contravention  to  the  common-law  rule  as  to  continuous  flow :  Broder 
r.  Water  Company,  101  U.  S.,  274;  United  States  v.  Rio  Grande  Irr.  Co..  174 
U.  S..  690;  Gutlerres  v,  Albuquerque  Land  Co.,  188  U.  S.,  545;  Davis  t?.  Chamber- 
lain, 51  Or.,  —  (98  Pac,  — ). 

Supplemental  to  the  above  act,  provision  was  made  by  Congress  July  9,  1870, 
for  incori>orating  a  reservation  in  favor  of  such  rights  in  all  jni tents  when 
Issued,  as  follows;  "All  patents  granted  or  preemption  or  homesteads  allowed 
shall  be  subject  to  any  vested  and  accrued  water  rights  or  rights  to  ditches 
and  reservoirs  used  in  connection  with  such  water  rights,  ♦  ♦  ♦  : "  Rev. 
Stat,  2340.  This  was  followed  on  March  3,  1877,  by  what  is  known  as  the 
desert-land  act,  parts  of  which.  In  so  far  as  material  to  this  discussion,  are: 

**  That  it  shall  be  lawful  for  any  citizen  of  the  United  States,  or  any  i>erson 
of  requisite  age  *who  may  be  entitled  to  become  a  citizen,  and  who  has  flle<l 
his  declaration  to  become  such,*  upon  payment  of  twenty-five  cents  i>er  acre, 
to  file  a  declaration  under  oath  with  the  register  and  receiver  of  the  land 
district  in  which  any  desert  land  is  situated,  that  he  intends  to  reclaim  a  tract 
of  desert  land  not  exceeding  one  section,  by  conducting  water  ui>on  the  same, 
within  the  period  of  three  years  thereafter :  Provided,  however.  That  the  right 
to  the  use  of  water  by  the  i)erson  so  conducting  the  same,  on  or  to  any  tract 
of  desert  land  of  six  hundred  and  forty  acres  shall  dei)end  upon  bona  fide  prior 
appropriation;  and  such  right  shall  not  exceed  the  amount  of  water  actually 
appropriated,  and  necessarily  used  for  the  purpose  of  Irrigation  and  reclama- 
tion; and  all  surplus  water  over  and  above  such  actual  appropriation  and  use, 
together  with  the  water  of  all  lakes,  rivers,  and  other  sources  of  water  supply 
ui)on  the  i)ublic  lands  and  not  navigable,  shall  remain  and  be  held  free  for  the 
ai)proi)riation  and  use  of  the  public  for  Irrigation,  mining,  and  manufacturing 
puriwses  subject  to  existing  rights  ♦  ♦  ♦":  19  Stat.  (U.  S.),  377;  6  Fed. 
Stat.  Ann.,  393. 

The  title  of  the  foregoing  act  reads,  **An  act  to  provide  for  the  sale  of  desert 
lands  In  certain  States  and  Territories."  Being  an  act  of  Congress,  it  is  well 
known  that  it  is  not  required  that  the  title  of  the  act  embrace  all  its  provisions. 
And,  while  a  different  rule  prevails  In  some  of  the  States,  It  is  probably  an 
exception  rather  than  the  rule  that  acts  of  Congress  are  limited  to  matters 
contained  in  their  title.  This  being  the  rule  which  prevailed  In  Congress,  we 
have  only  to  look  to  the  body  of  the  act  to  ascertain  its  intention.  After  pro- 
viding for  the  reclamation  of  arid  lands  and  for  the  procuring  of  title  there- 
under. It  will  be  observed  that,  in  this  act,  as  cs.sential  to  the  reclamation  of 
lands,  the  water  right,  when  located  by  the  i)ersons  taking  the  land,  shall  de- 
pend ui)ou  hona  fide  prior  appropriation.  The  reason  for  this  is  api>arent;  the 
ol)je€*t  and  puri)ose  of  the  act  was  by  this  method  to  i-ef-lalm,  develop,  and  make 
productive  arid  lands  or  those  of  a  desert  character,  which,  as  a  rule,  were  non- 
riparian. 

For  many  years  it  was  an  open  question  whether  lands  through  which  streams 
flowed  in  the  natural  channels  were  subject  to  reclamation  under  this  act :  Sims 
V.  Phalen,  11  L.  D.,  206.  But  it  was  finally  determined  that  such  lands  could 
l)e  nvlaimed  where  clearly  shown  to  l)e  of  a  desert  character:  Houck  v.  Bettel- 
youn,  7  L.  D.,  425 ;  Nilson  v.  Anderson,  23  L.  I).,  139.  Considering  this  feature 
with  the  then  long-existing  conditions  in  reference  to  the  public  lands  throughout 
the  West,  the  reasons  for  providing  that  the  water  rights  should  be  acquired 
under  the  doctrine  of  prior  appropriation  are  obvious. 

The  first  act  (18(>0)  refers  to  priority  of  possession  and  local  customs,  rules, 
regulations,  etc.,  to  which  rules  of  construction  were  soon  applied,  the  outcome 
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of  which  dei)en(led  largely  ui)on  whether  the  decisions  were  by  courts  in  lo- 
(^lities  of  a  strictly  arid  nature  or  in  the  humid  States.  If  in  a  strictly  arid 
section,  the  doctrine  of  prior  appropriation  prevailed ;  while,  if  humid,  a  middle 
groand,  or  what  is  called  "  the  modified  doctrine  of  riparian  rights,"  appears  to 
have  been  the  one  adhered  to  and  deemed  the  most  conducive  to  the  public 
welfare.  Near  the  time  of  the  passage  of  this  act  conflicts  had  arisen  from  the 
application  of  the  law,  as  applied  to  riparian  rights,  in  the  arid  and  semiarld 
West.  In  California  the  effect  thereof  on  riparian  rights  was  involved  in  much 
doubt  and  not  fully  determined,  while  in  Nevada  the  noted  case  of  Vanslclcle  t?. 
Haines  (7  Nev.,  249)  had  been  decided,  adhering  to  the  common-law  rule  on 
the  subject.  This  latter  case,  however,  was  subsequently  overruled,  since  which 
time  the  doctrine  of  prior  appropriation  has  there  prevailed :  Jones  v.  Adams, 
19  Xev.,  78;  Reno  S.  Works  v.  Stevenson,  20  Nev.,  269;  Walsh  v.  Wallace,  28 
Nev.,  299. 

The  act  of  1866  had  left  somewhat  in  doubt  not  only  the  question  of  its  effect 
upon  riparian  rights,  but  an  uncertainty  whether  it  thereby  intended  to  estab- 
lish a  permanent  rule  upon  the  subject  And  the  act  of  1870,  requiring  reser- 
vations in  all  fiatents  issued,  by  inserting  a  statement  therein  to  the  effect  that 
the  patents  were  executed  subject  to  vested  and  accrued  water  rights,  etc.,  was 
evidently  intended  as  a  precautionary  measure  to  remove  doubts  then  extant 
as  to  the  legal  effect  of  any  patents  subsequently  issued,  so  far  as  applicable 
to  any  rights  acquired  before  the  date  thereof. 

In  order,  therefore,  to  remove  such  doubts  and  to  establish  a  uniform  rule 
throughout  the  States  mentioned  in  the  act,  whereby  all  appropriations  made 
from  streams  flowing  through  public  lands  over  which  Congress  had  power 
to  legislate,  after  the  provisions  specifying  the  manner  in  which  lands  taken 
under  the  act  could  be  reclaimed,  there  was  added  the  clause : 

**And  all  surplus  water  over  and  above  such  actual  appropriation  and  use, 
t<»pether  with  the  water  of  all  lakes,  rivers,  and  other  sources  of  water  supply 
npon  the  public  lands,  and  not  navigable,  shall  remain  and  be  held  free  for  the 
appropriation  and  use  of  the  public  for  irrigation,  mining,  and  manufacturing 
purposes,  subject  to  existing  rights:"  19  Stat.  (U.  S.),  377. 

ITiis  reservation  of  water  rights  for  the  benefit  of  the  public  was  clearly 
not  essential  to  any  of  the  other  provisions  of  the  act.  The  previous  state- 
ment contained  sufliclent  to  define  and  protect  the  rights  of  those  selecting 
lands  under  the  desert-land  act,  but  the  added  proviso,  or  something  of  similar 
Import,  was  essential  to  the  establishment  of  a  clear  and  uniform  rule  upon 
the  subject  as  regards  all  appropriations  thereafter  to  be  made  from  streams 
or  other  bodies  of  water  upon  the  public  lands  and  to  which  such  might  be 
riparian.    - 

The  words  **  shall  remain  and  be  held  free  for  the  appropriation  and  use  of 
the  public  for  irrigation,"  etc.,  are  clearly  words  of  reservation  and  dedication, 
and  obviously  so  intended.  It  is  insisted,  however,  that  the  language  quoted 
is  hisufficient  for  either  a  grant,  trust,  or  dedication ;  that  a  grant  presupimses 
a  grantee  caimble  of  receiving  it;  that  It  is  not  a  trust  because  all  three  essen- 
tials necessary  to  constitute  a  trust,  i.  e.,  trustee,  trust  res,  and  cestui  que 
trust,  are  wanting;  that  It  can  not  be  held  to  be  a  dedication.  In  that  the  right 
there  alluded  to  Is  not  an  easement  but  Is  usufructuary  only,  partaking  of 
the  nature  of  real  estate — an  Incorporeal  hereditament,  analogous  to  a  **  profit " 
in  land,  in  that  it  depletes  the  riparian  right.  It  is  further  observed  that  a 
dedication  Is  not  a  grant  and  can  not  arise  by  grant,  since  It  exists  In  favor  of 
the  entire  public.  In  resi)ect  to  which  it  was  asserted,  as  above  stated,  that  it 
can  not  become  a  grantee. 
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A  dedication  is  defined  as  being  in  the  nature  of  a  gift,  inuring  to  the  benefit 
of  the  public  as  a  grant,  but  diflFering  from  a  grant  in  that  no  grantee  in  esse 
is  necessary  to  its  validity :  9  Am.  and  Eng.  Ency.  Law,  21 ;  13  Cyc,  439.  It 
consists  of  devotion  or  giving  of  property  for  some  proper  object  and  in  such 
a  manner  as  to  conclude  the  owner :  State  ex  rel.  Sims  v,  Otoe  CJounty,  6  Nebr., 
129,  133;  Patrick  v.  Y.  M.  C.  A.,  120  Mich.,  185,  laS. 

A  *'  reservation  '*  as  here  used  is  something  talsen  from  the  whole  thing, 
covered  by  the  general  terms  making  the  grant,  and  cuts  down  and  lessens  it 
(or  act,  under  which  title  to  the  res  from  which  the  reservation  may  be  made) 
from  what  it  would  be  except  for  such  reservation:  Words  and  Phrases,  p. 
6140;  Weynand  v.  Lutz  (Tex.  Civ.  App.),  29  S.  W.,  1097.  The  latter  term 
applied  here;  the  National  Government  by  its  various  laws  relating  to  public 
lands  granted  to  its  citizens  the  privilege  of  acquiring  title  thereto.  CJonstru- 
Ing  all  together  as  one  act,  the  desert-land  act  by  the  language  used  appears  to 
reserve  therefrom  to  the  entire  public  the  right  of  any  citizen  after  March 
o,  1877,  to  divert,  use,  and  acquire  a  right  in  and  to  the  unappropriated  waters 
flowing  through,  or  adjacent  to.  any  lands,  thereafter  patented,  such  right  to 
be  determined  by  priority.  Reservations  of  this  class  may  l>e  found  in  Cal- 
houn Gold  Min.  CJo.  v.  Ajax  Gold  Min.  Co..  27  Col.,  1  (59  Pac,  607.  615;  50 
L.  R.  A.,  209;  83  Am.  St.  Rep.,  17)  ;  Wilcox  r.  McConnel,  13  Peters,  496;  Wilson 
t>.  Higbee,  62  Fed.,  723.  It  would  not  be  seriously  questioned  that  such  a 
reservation  might  be  expressly  and  effectively  made  in  a  deed  or  other  evidence 
of  title.  Then  when  we  take  into  consideration  that  to  determine  the  extent 
of  the  title  received  through  a  conveyance  of  any  kind  from  the  (Jovemment, 
whether  by  grant,  patent,  or  otherwise,  we  must  look  into  all  acts  in  force  in 
reference  to  the  lands  intended  thus  to  be  conveyed,  to  ascertain  what  interest 
remains  subject  to  transfer,  it  becomes  manifest  that  there  is  no  difference  in 
principle  between  a  reservation  resulting  from  an  act  in  force  at  the  time  and 
an  express  reservation  in  the  instrument  itself  through  which  title  may  be 
asserted. 

It  would  seem,  however,  that  as  to  what  may  be  the  proi)er  term  by  which  any 
interest  thus  reserved  may  be  designated,  we  need  not  inquire.  Nor  is  it 
material  whether  any  term  has  been  recognized  or  established  by  the  courts 
to  cover  the  privileges  and  rights  reserved  or  surrendered  by  the  Government  to 
the  public,  or  individuals  of  which  the  public  is  comiwsed.  Our  form  of  gov- 
ernment. Constitution,  and  i>owers  reserved  to  the  Government  have  neces- 
sarily given  rise  to  privileges  and  rights  not  fully  covered  by  the  common  law 
or  by  the  terms  in  common  use  under  it. 

The  right  of  the  Government  to  dispose  of  its  public  lands  and  to  deal  with 
all  rights  incident  thereto,  In  such  a  manner  as  it  may  deem  best,  has  long 
been  fully  established  and  recognized  by  all  decisions  upon  the  subject.  True, 
it  can  not  by  legislation  determine  for  any  State  after  its  admission  what 
the  local  laws  relative  to  rii)arian  rights  shall  be  (United  States  r.  Rio  Grande 
Irr.  Co.,  174  U.  S.,  090,  703) »  but  the  General  Government  in  dealing  with  its 
public  lands  may  provide  for  tlielr  transfer  as  might  any  other  Landed  pro- 
prietor and  make  such  reservations  therefrom  by  grant,  dedication,  or  other- 
wise as  it  may  see  fit.  Riparian  rights  may  become  the  subject  of  a  grant  or 
dedication  and  may  be  severefl  from  the  soil :  Coquille  Mill  and  M.  Co.  v, 
Johnson  (Or.),  98  Pac,  132.  This  principle  is  clearly  and  concisely  stated  in 
an  opinion  by  Knoeles,  district  judge,  in  Howell  v,  Johnson  (89  Fed.,  556,  558), 
as  follows: 

•*  Being  the  owner  of  these  (public)  lands,  it  has  the  i)ower  to  sell  or  dispose 
of  any  estate  therein  or  any  part  thereof.  The  water  (in  question)  is  an  in- 
navigable stream  flowing  over  the  public  domain,  is  a  i)art  thereof,  and  the 
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National  Government  can  sell  or  grunt  the  same,  or  the  use  thereof,  separate 
frum  the  rest  of  the  estate,  under  such  conditions  as  may  seem  to  it  proper." 

Decisions  to  the  above  effect  are  too  numerous  and  too  well  understood  to 
i«d  extensive  citation. 

Bj  the  homestead  and  other  land  acts  Congress  granted  to  citizens  of  various 
States  and  Territories  the  right  at  any  time  hereafter  to  enter  upon  the  public 
domain  and  to  select  a  quantity  of  land,  in  the  manner  there  specified,  and  of 
thereby  securing  a  home,  notwithstanding  no  certain  individual  was  designated 
to  accept  and  receive  such  tiUe.  The  effect  of  these  acts  was  tliat  the  grantor 
of  the  public  lands,  the  National  Government,  was  to  hold  these  lands  in  trust 
for  the  public,  to  be  acquired  by  any  qualified  citizen  thereof  on  compliance 
with  the  rules  prescribed.  Numerous  grants  in  prwscnti  were  also  made,  to  be 
beld  in  trust  by  States  designated  in  such  grants  for  any  company,  person,  or 
tia'sons  who  might  construct  any  wagon  or  other  roads  there  indicated.^  For 
example:  A  grant  was  made  to  the  State  of  Oregon  oif  alternate  sections  of 
ptiblic  lands,  designated  by  odd  numbers,  three  sections  iier  mile,  to  be  selected 
within  6  miles  of  what  was,  at  the  time  of  the  imssage  of  the  act,  an  imaginary 
road  bet^'een  two  given  points  within  the  State,  upon  the  doing  of  certain  acts 
iliereafter  to  be  performed,  thus  reserving  to  the  builders,  if  any  there  might  be, 
the  right  to  select  the  odd  section  desired :  14  Stat.  (U.  S.),  i).  89,  c.  17.4;  Cahn 
r  Barnes,  5  Fed.,  326;  United  States  v.  Dalles  Military  R.  Co.  (and  seven 
others).  140  U.  S.,  599:  s.  c.  42  Fed.,  351;  55  Fed.,  711.  Such  a  road  in  time 
bwame  a  certainty ;  and  more  than  thirty  years  after  the  passage  of  the  act 
lands  were  selected,  in  reference  to  which  it  has  been  held  that  upon  selection 
thereof  the  right  thereto  relates  back  to  the  date  of  filing  the  map  of  definite 
location  of  the  road,  shutting  out  all  intervening  claims  and  settlements,  regard- 
less of  patents  issued  to  settlers  thereon  during  the  meantime — and  this,  too, 
notwithstanding  such  policy  was  Instrumental  in  holding  in  abeyance  and  with- 
drawing from  settlement  large  tracts  of  the  public  domain  for  more  than  a 
quarter  of  a  century:  Eastern  Oregon  Land  Co.  v,  Brosman,  147  Fed.,  807. 
Any  settler^  on  such  lands  are  held  to  have  entered  thereon  with  full  knowledge 
of  the  law  and  to  have  taken  them  subject  to  the  **  contingent  interests  "  in  the 
land  of  such  possible  road  of  such  company  as  might  become  the  beneficiary  of 
the  grant:  Altschul  v.  Cittings,  102  Fed.,  36,  38. 

Another  and  more  ai)t  illustration  is  that  of  the  iK)licy  of  the  National  Gov- 
ormnent  resiiecting  its  mineral  lands,  in  regard  to  which  any  one  acquiring 
title  to  any  part  of  the  public  domain  under  the  homestead  or  under  any  other 
act  takes  such  land  subject  to  the  exception  that  he  does  not  acquire  title  to 
the  minerals  known  to  be  therein  at  the  time  of  entry  or  of  patent,  whether 
located  for  minerals  at  the  time  of  the  inception  of  the  rights  of  its  grantee  or 
not:  5  Fed.  Stat.  Ann.,  2318,  2319;  Calhoun  Gold  Min.  Co.  v.  Ajax  Gold  Min.  Co., 
27  Col.,  1.  The  minerals  may  remain  unclaimed  for  many  decades,  yet  the  first 
mineral  locator,  whether  on  patented  lands  or  not  (if  the  land  imtented  was 
known  to  contain  the  minerals  at  the  time  of  entry),  ui)on  full  comi)liance  with 
the  law  on  the  subject,  may  become  the  owner  thereof.  The  same  privilege  is 
extended  to  the  patentee,  but,  under  the  law,  if  he  neglect  to  exercise  his  rights 
in  this  respect,  he  loses  to  him  who  becomes  the  first  locator. 

It  was  in  the  exercise  of  a  similar  prerogative  on  the  part  of  the  Government 
that  there  was  by  the  act  of  1877  given  to  the  public,  or  to  any  individual 
thereof,  the  right  to  appropriate  and  apply  to  a  beneficial  use  the  waters  fiowing 
through  Its  public  domain.  No  limit  as  to  the  time  in  which  this  right  may  be 
exercised  is  made,  except  in  effect  that  he  who  first  diverts  the  water  and  with, 
due  diligence  applies  it  to  the  uses  there  enumerated  is  given  the  better  right 
thereto.    It  can  make  no  difference,  therefore,  whether  it  be  termed  a  grant, 
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reservation,  dedication,  trust,  or  other  privilege;  this  unquestioned  power  of 
the  owner  over  tlie  imblic  domain  was  exercised,  and  any  one  entering  uik>ii, 
and  acquiring  title  to,  any  imrt  of  tbe  public  donibln  after  the  passage  of  this 
act  accepted  such  land  and  title  thereto  with  full  knowledge  of  the  law  under 
which  the  i)atent  was  issued,  the  imiMjrt  thereof  being  that  this  right  incident  to 
the  soil  was  reserved  by  the  Government  to  be  held  in  trust  for  the  public;  and 
that  he  who  first  applies  the  water  to  a  beneficial  use  shall  become  the  owTier 
of  the  right  thereto;  and  that  the  recipient  of  such  title  takes  it  subject  to  tliat 
right,  which  he,  in  common  with  others  of  the  public,  is  privileged  to  exeroise. 
It  is  elementary  that  the  grantor  can  convey  no  greater  title  than  he  has.  This 
rule  as  applied  to  cases  of  this  nature  is  clearly  and  concisely  stated  in  Hume  v. 
Rogue  River  Packing  Co.  (51  Or.),  92  Pac,  10(55,  1007.  There  the  plalntiflf  was 
owner  of  a  grant  from  the  State?,  eitlier  directly  to  himself  or  by  mesne  convey- 
anceq  to  others,  of  all  the  tide  lands  bordering  upon  the  river,  as  well  as  of  all 
the  uplands  adjacent  to  the  river  al>ove  tide  water,  the  title  to  which  -was 
acquired  from  the  United  States,  and  the  description  of  which  ran  to  the 
meander  lines.     In  discussing  this  feature,  this  court,  by  Slater,  C,  says : 

*'He  has  no  title  by  express  grant  from  the  State  to  any  part  of  the  bed  and 
stream  as  such,  but  he  does  claim  title  to  the  entire  bed  of  the  stream  at  the 
mouth  of  the  river  where,  by  reason  of  the  shifting  of  the  channel  of  the  river 
from  north  to  south,  and  vice  versa,  and  by  successive  i)urchases  from  the  State 
as  tide  land  of  the  uncovered  sands  on  both  sides  of  the  river,  his  deeds  overlap, 
and  apparently,  at  least,  he  is,  at  that  point  of  the  river,  the  owner  of  the  bed 
of  the  stream ;  but  this  fact,  we  apprehend,  will  be  of  no  avail  in  support  of  his 
claim  of  ownership  of  the  water  when  flowing  over  such  land,  for  In  any  event 
he  could  acquire  no  greater  rights  thereby  than  would  be  given  the  ordinary  and 
legal  effect  of  such  deed  by  virtue  of  the  statute  authorizing  its  execution  and 
delivery." 

It  Is  true  that  the  act  of  1870  made  it  necessary  to  insert  in  the  patents  a 
reservation  ^f  all  vested  and  accrued  water  righs,  rights  of  way,  etc.,  as  well 
as  to  make  similar  reservations  in  patents  resiKH-ting  minerals;  but,  as  statcni, 
so  far  as  a  legal  effect  of  the  reservation  is  concerned,  such  would  have  been 
unnecessary,  in  that  the  Government  could  grant  no  greater  right  than  it  had. 
Acts  of  this  nature,  like  those  requiring  patents  to  be  issued  for  lands  acquired 
under  railroad  and  other  grants,  under  which  title  passes  by  virtue  of  the 
acts  granting  the  lands,  are  but  sui»plenientnl  legislation.  In  this  manner  the 
evidence  of  title  may  more  conveniently  be  placed  on  record,  and  thereby  add 
to  the  convenience,  in  many  resi)ects,  of  the  holder  of  the  title,  btit  otherwise 
adds  nothing  thereto :  Cahn  v.  Barnes,  5  FchI.,  320,  3.'n ;  Pongra  v,  Munz,  29 
Fed.,  830,  835;  Langdeau  v.  Hanes,  21  Wall.,  521;  United  States  v.  Dalles 
Military  R.  Co.,  140  U.  S.,  599;  also  cases  cited  in  Rose's  Notes  (U.  S.),  voL 
8,  p.  460. 

A  good  illustration  of  the  iwwer  of  the  Government  or  other  landed  pro- 
l)rletor,  at  all  times  and  whenever  desired  by  it,  to  grant,  reserve,  or  dedicate 
a  right  to  any  one  at  any  time  to  acquire  title  to  all  or  to  any  imrt  of  its 
public  domain  In  such  manner  as  it  might  dt»slgnate — either  to  the  land  itself 
or  to  the  incoriwreal  rights  appurtenant  thereto,  whether  an  easement  over  it, 
the  removal  of  the  minerals,  of  the  timber,  or  of  the  right  to  the  use  of  all  or 
any  of  the  waters  flowing  through  or  adjacent  to  such  land — may  be  found 
in  the  recent  case  of  United  States  v,  Winans,  198  U.  S.,  371.  In  that  case  a 
suit  was  brought  to  enjoin  the  owners  of  certain  lands  on  the  Columbia  River 
from  interfering  with  the  exercise  by  the  Indians  on  the  Yakima  Indian  Reser- 
vation in  the  State  of  Washington  of  flsliing  rights  and  privileges  over,  on,  and 
adjacent  to  lands  along  the  Columbia  River,  patented  to  the  defendants  therein, 
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which  rigbts  were  claimed  under  the  i)rovlslon8  of  a  treaty  made  lu  1859 
between  tlie  Indians  and  the  United  States.  This  treaty  reserved  to  them  the 
exdoslve  rl^ht  to  fish  In  all  streams  running  on  and  within  certain  lands  within 
prescribed  llmitSt  and  to  fish  in  common  with  the  citizens  of  the  territory  at 
til  aecustonied  places  in  the  vicinity,  and  further  secured  to  such  Indians  the 
ri|*t  of  way  over  all  lands  necessary  for  carrying  such  reserved  rights  Into 
effect,  together  with  the  privilege  of  erecting  on  any  of  the  then  public  lands 
temporary  buildings  for  the  curing  of  fish.  Subsequently  the  lands  between  the 
CV>lumbia  River  and  the  special  tract  set  aside  and  known  as  their  "  reserva- 
tion "  ^?Fere  entered  by  citizens  of  that  State  without  reservations  therein  of 
any  kind  being  Issued  to  them.  Grants  from  the  State  of  Washington  to  the  shore 
land  fronting  the  patented  lands  were  also  procured  by  the  patentees,  together 
with  licenses  from  the  State  to  maintain  devices  for  taking  fish,  called  fish 
wheels.  By  virtue  of  these  patents,  grants,  and  right  thus  acquired  by  the 
hindowuers.  It  was  maintained  that  they  could  preclude  the  Indians  from 
fishing  along  the  shores  and  from  crossing  the  iwi tented  lands  for  that  puriwse, 
in  resijeet  to  which  It  was  argued  that  the  Indians,  under  the  rights  reserved 
to  then  I  and  recognized  by  the  Government  In  the  treaty,  acquired  **  merely  an 
executory  license  or  privilege,  applying  to  no  certain  and  defined  places,  and 
revocable  at  will  of  the  United  States,  to  fish,  hunt,  and  build  temi)orary  houses 
uix»n  public  lauds,  In  common  with  white  citizens,  ui)on  whom  the  law  has  con- 
ferred no  title  by  occupancy  whatever."  These  contentions  were  sustained  by 
the  United  States  circuit  court  in  that  State  (United  States  v.  Wlnans,  73  Fed., 
72,  74>,  Judge  Hanford,  inter  alia,  observing: 

"Tbe  theory  that  lands  conveyed  by  government  patents,  after  being  so 
conveyed  and  appropriated  by  individual  citizens,  still  remain  subservient  to 
U8»»  and  occui)atlon  by  the  Indians  for  travel  over  the  same,  otherwise  than 
by  lawfully  established  public  highways  and  for  camping  grounds,  finds  no 
support  In  the  provisions  of  the  treaty,  nor  In  the  rules  for  the  construction 
and  interpretation  of  statutes,  which  must  be  applied  In  the  Interpretation  of 
the  treaty  and  of  the  public-land  laws  of  the  United  States." 

Bnt  on  api)eal  to  the  United  States  Sui>reme  Court  this  decision  was  reversed 
(198  U.  S..  381),  the  court  holding  In  substance  that,  notwithstanding  patents 
were  issued  to  the  lands  by  the  Government,  the  patentees  took  the  same  sub- 
ject to  the  rights  reserved  to  the  Indians  thereafter  to  fish  along  the  shores  of 
tlie  Columbia  River,  Including  a  right  to  erect  temiK)rary  structures  for  that 
purpose,  and  to  retain  such  easements  as  would  enable  the  privileges  thus 
reserved  to  be  executed.  In  discussing  the  effect  of  the  patents  the  court 
say: 

"  The  reservations  were  In  large  areas  of  territory  and  the  negotiations  were 
•with  the  tribe.  They  reserved  rights,  however,  to  every  individual  Indian,  as 
though  named  therein.  They  Imposed  a  servitude  upon  every  piece  of  land 
aB  though  described  therein.  There  was  an  exclusive  right  of  fishing  reserved 
within  certain  boundaries.  There  was  a  right  outside  of  those  boundaries 
reeerved  *  in  common  with  citizens  of  the  territory.'  The  land  department 
coold  grant  no  exceptions  from  its  provisions.  It  makes  no  difference,  there- 
fore, that  the  patents  issued  by  the  department  are  absolute  in  form.  They 
are  subject  to  the  treaty  as  to  the  other  laws  of  the  land." 

It  Is  clear  from  the  foregoing  decision  (1)  that  whether  the  landed  proprietor 
be  the  CJovemment,  a  tribe  of  Indians,  or  other  owner,  such  proprietor  may 
resene  or  grant  a  right  or  interest  in,  over,  and  appurtenant  to  or  in  any  man. 
ner  connected  with  Its  lands,  not  necessarily  to  an  individual  alone,  but  to  a 
class  of  individuals  In  general  as  well  as  In  particular,  without  limit  as  to  time, 
application,  and  use  of  the  rights  or  privileges  thus  i*eserved,  dedicated,  or 
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granted;  (2)  and  such  right  or  interest  in  its  public  lands  becomes  effective 
in  favor  of  those  for  whom  it  may  be  reserved  or  to  whom  It  may  be  dedi- 
cated, and  against  those  subsequently  acquiring  title  thereto,  even  though  sucb 
rights  may  not  be  exercised  until  after  the  lands  shall  have  been  patented  to 
others;  (3)  and  tliat  in  so  far  as  the  binding  effect  thereof  is  concerned  upon 
such  subsequent  purclmser  it  is  immaterial  that  such  reservations  or  excep 
tions  are  not  specified  in  the  patents  or  other  instruments  of  conveyance. 

Reservations  of  this  class  are  fully  and  ubly  discussed  by  the  supreme  court 
of  Kentucky  in  Rowan's  Ex*rs.  v.  Town  of  Portland,  8  B.  Monroe,  232.  Tbe 
supreme  court  of  New  Hampshire,  in  the  case  of  State  v.  Franklin  Falls  Co., 
49  N.  H.,  240,  256,  declines  either  to  agree  with  the  reasoning  of  that  court  or 
to  follow  the  rule  there  enunciated;  but  the  United  States  Supreme  Court,  in 
Morgan  v.  Ry.  Co.,  96  U.  S.,  716,  clearly  adopts  the  reasoning  applied  by  the 
Kentucky  court  and  observes  that  the  consideration  there  given  these  questions 
is  a  full,  able,  and  correct  exiK>sition  of  the  law  on  the  subject,  with  which  con- 
clusion we  concur.  In  Rowan's  Ex'rs.  r.  liy.  Co.,  su^ra,  the  dedication  related 
to  certain  streets  adjacent  to  a  stream  and  included  the  right  of  wharfage  or 
right  to  land  boats  and  other  vessels  along  that  part  of  the  street  bordering  upon 
the  river.  The  court,  in  discussing  the  legal  effect  thereof,  concludes  that  tbe 
grantor  holding  title  subject  to  the  use  to  which  it  was  dedicated  held  the  title 
thereto  in  himself  as  trustee  for  the  public,  which  his  grantee  took  subject  to 
such  trust;  and  further  observes: 

"  Whether  the  i)ubllc  at  large  was  or  could  be  the  Immediate  grantee  or  re- 
cipient of  this  right  we  should  consider  It  fruitless  to  Inquire.  The  potential 
right  of  use  In  and  by  the  public  was  created  by  the  sale  and  conveyance  of  the 
lots.  And  whether  it  passed  at  once  to  the  public,  or  remained  In  abeyance,  or 
is  the  mere  result  of  an  estoppel,  or  vested  In  the  purchasers  of  lots  as  a  imrt 
of  the  estate  conveyed  to  them.  It  was  In  either  case  alike  perfect  and  beyond 
the  future  control  of  the  original  proprietor  or  his  alienees  of  the  title  on  which 
this  right  of  use  was  engrafted." 

Again,  as  stated  In  Pearsall  r.  Post,  20  Wendell,  111,  119: 

"  It  seems  to  be  well  settled  by  the  Supreme  Court  of  the  United  States,  by 
several  courts  In  the  neighboring  States,  to  which  we  may,  perhaps,  add  the 
court  of  chancery  in  this  State,  that  dedicatons  of  land  for  religious  and  chari- 
table purposes,  as  well  as  for  public  ways  and  squares,  commons,  imrks,  and 
other  easementefln  nature  of  ways,  are  to  be  upheld,  although  there  be  no  person 
in  esse  capable  of  taking  as  a  grantee  at  the  time.  It  was  remarked  by  Mr. 
Justice  Thompson,  In  Cincinnati  v.  White's  Lessee,  6  Peters.  429,  436,  that  *  the 
principle.  If  well  founded  In  law,  must  have  a  general  application  to  all  appro- 
priations and  dedications  for  public  use,  where  there  Is  no  grantee  in  esse  to 
take  the  fee.'  He  adds:  *Thls  forms  an  exception  to  the  rule  applicable  to# 
private  grants  and  grows  out  of  the  necessity  of  the  case*/  These  remarks  com- 
prehend every  conceivable  case  where  a  man  has  furnished  evidence  of  a  clear 
Intent  to  give  up  his  real  estate  for  the  purposes  of  any  Jcgiiimatc  public  usc^^* 

Privileges  of  this  class  were  not  unusual  and  were  recognized  as  being  sub-* 
Ject  to  dedlciitlou,  In  the  early  history  of  the  law  ui)on  the  subject,  as  disclosed 
by  further  remarks  therein  of  the  same  court,  namely : 

"  I  pass  over  the  more  usual  instances  of  easements,  such  as  ways,  commons, 
and  water  privileges,  etc.,  enjoyed  either  by  individuals,  towns,  or  other  cor- 
porations. ♦  ♦  ♦  We  may  also  pass  over  those  which  are  less  common,  and 
one  put  by  Mr.  Justice  Thompson,  In  6  Peters,  487,  from  McConnell  t\  I^xlng- 
ton.  12  Wheat,  582,  the  reservation  of  a  spring  of  water  for  public  use.  It  was 
made  to  a  corporation  which  might  turn  the  spring  to  its  own  or  public  pur- 
poses.   Thus,  the  user  was  Invoked  to  establish  an  individual  right    A  like 
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case  is  mentioned  in  Co.  Lltt.,  56  a,  a  customary  watering  place  in  the  Inliab- 
Itants  of  Southwarlte,  for  violating  wlilch  an  action  was  held  to  He/' 

In  the  Bpring  case  alluded  to  it  api)ears  tliat  the  Commonwealth  of  Virginia 
in  1773,  by  an  act  known  as  the  land  law,  reserved  640  acres  of  land,  upon 
which  the  spring  was  situated,  for  the  benefit  of  those  who  had  settled  in  a 
Tillage  or  city,  afterwards  to  be  laid  out  into  lots  and  divided  among  such  set- 
tlers. The  spring  was  In  common  use  by  the  inhabitants  of  a  village  located  on 
this  tract  and  [was]  afterwards  claimed  by  one  of  the  purported  grantees  of  the 
tot  upon  which  it  was  situated.  The  court  however,  in  an  opinion  by  Mr.  Chief 
jQstice  Marshall,  held  that  the  use  of  the  spring  by  the  public  and  the  recog- 
nition thereof  for  a  long  period  of  time  constituted  such  a  dedication ;  and  that 
eren  thoagh  the  claimant  thereof  be  considered  the  grantee  of  the  land  ui)on 
which  the  spring  was  situated,  its  use  for  the  purposes  mentioned,  although  no 
reservation  was  made  In  the  deed  must  Ik?  deemed  to  have  been  reserved.  It 
may  be  said  that  in  that  case  the  entire  public  exercised  the  right  to  the  use 
of  the  spring  thus  dedicated,  but  It  must  be  remembered  that  the  exercise  of 
this  right  was  merely  by  the  individuals  constituting  the  public.  In  the  case  at 
bar  the  public  exercises  the  right  in  a  somewhat  similar  manner,  except  on  a 
larger  and  more  extensive  scale,  in  that  an  appropriation  by  any  Individual  or 
eorporation  gives  it  a  right  in  and  to  the  flow  and  use  of  the  water  appropri- 
ated for  the  purposes  for  which  it  is  diverted,  which  right  may  afterwards  be 
subject  to  sale  and  transfer.  But  it  is  clear  that  if  a  dedication  can  be  made 
to  the  public  of  a  spring  or  a  stream  in  the  manner  indicated  in  the  last  case 
quoted,  the  owner  of  any  source  of  water  supply  may  make  a  like  dedication 
in  tliat  or  in  any  other  manner  determined  upon.  The  manner  of  making  the 
dedication,  as  well  as  its  legal  effect,  must  be  determined  from  the  act  or  in- 
strument by  which  it  Is  made.  In  the  case  under  consideration  It  will  be  ob- 
served that  the  language  used  Is  that  the  surplus  waters  of  the  streams  and  of 
other  sources  of  water  supply  designated  shall  remain  and  he  held  free  for  the 
appropriation  and  use  of  the  public  for  (1)  Irrigation.  (2)  mining,  and  (3) 
mannfiacturing  purposes.  The  manner  of  api)roprlatlng  and  using  the  water 
for  irrigation,  manufacturing,  and  mining  purposes  was  at  that  time  and  has 
been  at  all  times  since  well  understood ;  hence  the  use  by  the  public  and  manner 
thereof  is  specified,  meaning,  when  Interpreted  In  the  light  of  the  then  existing 
facts,  the  usual  manner  of  applying  It  for  iK)wer  puri>ose8  and  of  diverting  it 
by  means  of  ditches  and  other  systems  in  use  for  Irrigation,  Including  also  the 
nsual  methods  in  use  by  miners. 

It  follows  that  the  rights  reserved  to  the  public  and  dedication  of  the  sur- 
plus waters  therefor  were  intended  for  use  In  that  manner.  Construed  then 
with  the  act  of  1866  and  other  provisions  of  the  act  of  1877,  we  are  of  the 
opinion  that  all  lands  settled  upon  after  the  date  of  the  latter  act  were  accepte<l 
with  the  implied  understanding  that  (except  [as]  hereinafter  stated)  the  first  to 
appropriate  and  use  the  water  for  the  puri)09es  specified  in  the  act  should  have 
the  superior  right  thereto. 

So  far  as  we  are  able  to  determine,  the  question  as  here  presented  has  not 
heretofore  been  squarely  before  any  of  the  courts.  But,  while  not  deemed 
essential  to  an  adjudication  therein,  we  find  the  act  of  1877  considered  to  some 
extent  in  the  following  cases:  Williams  t?.  Altnow  (51  Or.),  95  Pac,  200; 
Farm  Investm^it  Co.  v.  Carpenter,  9  Wyo.,  110;  I'nlted  States  v.  Conrad  In. 
Co.,  156  Fed.,  123,  128;  United  States  v,  Rio  Grande  Irr.  Co.,  174  U.  S.,  690: 
Gutierres  v,  Albuquerque  Land  Co.,  188  IT.  S.,  545;  Kansas  t\  Colorado,  206 
U.  S..  46. 

In  the  first  case  mentioned,  Altnow,  who  was  the  proprietor  of  the  land  upon 
which  Warm  Springs  Creek  had  Its  sources  claimed  both  as  a   prior  appro- 
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prlator  and  ns  a  riparian  owner.  To  Ills  riparian  claim  it  was  nmintaincnl  as  a 
defense  that  his  lands  were  settled  ui)on  after  the  date  of  the  desert-land  act^  for 
which  reason  he  was  not  a  riparian  proprietor  In  the  sense  that  as  such  alleged 
riparian  owner  he  could  assert  a  right  In  the  stream  for  Irrifcatlon;  and  this 
contention  was  In  that  cape  expressly  upheld  by  the  trial  court  On  this  point 
Mr.  Chief  Justice  Bean  observes  that  Altnow's  claim  as  rlimrlan  proprietor 
(all  other  parties  therein  being  in  the  same  iiosltlon  In  this  respect)  could  not 
be  upheld  for  two  reasons:  (1)  That  he  relied  uixm  his  claim  as  prior  appro- 
prlator  and  was  bound  by  It;  (2)  that  the  lands  having  been  entered  since  the 
year  1877,  **  It  Is  a  serious  question  whether  the  desert-land  act  does  not 
abolish  the  so-called  modified  doctrine  of  riparian  rights,  which  gives  to 
riparian  proprietors  the  right  to  use  water  for  Irrigation  as  to  all  lands  through 
which  nonnavlgable  streams  flow,  the  title  to  which  has  been  acquired  from  the 
Government  of  the  United  States  since  the  passage  of  that  act."  And  after 
quoting  from  the  act,  he  further  remarks: 

"  The  Government  of  the  United  States,  as  the  primary  owner  of  the  soil, 
undoubtedly  has  the  right  to  make  such  provisions  concerning  the  waters  of  non- 
navigable  streams  thereon  as  It  deems  proi)er,  and  it  is  at  least  a  debatable  ques- 
tion whether,  l)y  the  language  quoted.  Congress  did  not  Intend  to  recognize  and 
assent  to  the  appropriation  of  such  waters  lo  contravention  to  the  common-law 
doctrine  of  riparian  rights  as  to  i)ersons  subsequently  acquiring  title  from  the 
I'nlted  States.     United  States  v.  Rio  Grande  Irr.  Co.,  174  U.  S.,  600.** 

In  Wyoming  the  doctrine  of  priority  of  appropriation  for  beneficial  nse  In 
contravention  to  the  common-law  rule  on  the  subject  prevails.  By  legislative 
enactment  of  1880  the  water  of  every  natural  stream  In  that  State  was  declared 
to  be  the  proj)erty  of  and  dedicated  to  the  use  of  the  public.  The  manner  of 
api)roprIatIon  and  actiulrement  of  such  rights  are  specified.  Included  among 
which  priority  of  appropriation  for  a  beneficial  use  was  declared  to  give  the 
better  right,  it  is  thus  evident  that  without  the  provisions  of  the  desert-land 
act  the  court  there  held  and  was  bound  to  adhere  to  that  doctrine.  But  In 
Farm  Investment  Co.  v.  Carpenter,  9  Wyo.,  110,  Mr.  Chief  Justice  Potter,  In 
discussing  the  question  as  to  whether  an  express  constitutional  or  statutory 
declaration  was  necessary  In  the  first  Instance  to  render  the  streams  and  other 
natural  bodies  of  water  the  proiierty  of  the  public  and  subject  to  the  control 
of  the  laws  of  the  State,  without  reference  to  riparian  rights,  says: 

"  If  any  consent  of  the  (General  Government  was  primarily  requisite  to  the 
inception  of  the  rule  of  prior  appropriation,  that  consent  Is  to  be  found  In 
several  enactments  by  Congress,  beginning  with  the  act  of  July  20,  1806,  and 
including  the  desert-land  act  of  March  3,  1877.  Those  acts  have  been  too  often 
(pioted  and  are  too  well  understood  to  require  a  restatement  at  this  time  at 
the  exi)ense  of  unduly  extending  this  opinion." 

In  New  Mexico  Territory,  where  the  doctrine  of  prior  appropriation  also 
l)revalls,  a  similar  question  to  that  in  the  Wyoming  case  came  before  the  court 
in  Gutierres  r.  Albuquerque  I^nnd  Co.,  188  V,  S.,  54.5.  The  question  there  In- 
volved the  validity  of  a  territorial  act  i>ermittlng  the  construction  of  canals 
and  condemning  rights  of  way,  etc.,  In  reference  to  which  It  was  urged  that 
the  territorial  act  was  invalid  because  It  not  only  assumed  to  dispose  of  the 
property  of  the  United  States  without  Its  consent  but  was  in  conflict  with  the 
legislation  of  Congress  and  therefore  void.  It  was  there  argued  that  the 
waters  affected  by  the  statute  were  public  and  exclusively  the  property  of  the 
United  States:  but  the  statute  alluded  to  permitted  private  imrtles  and  corpora- 
tions to  acquire  the  unapproprlatwl  waters  In  violation  of  the  right  of  the 
Government  to  control  and  dispose  of  Its  proi)erty  wherever  situated.     In  con- 
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siderinj?  this  feature,  Mr.  Justice  White,  si>eaking  for  the  court,  at  page  552 
of  the  opinion,  observes : 

'*Assnmiug  that  the  appellants  are  entitled  to  urge  the  objection  referred  to, 
we  think,  in  view  of  the  l^islatlon  of  C5ongress  on  the  subject  of  the  appropria- 
tion of  water  on  the  public  domain,  particularly  referred  to  in  the  opinion  of 
this  court  in  United  States  v,  Rio  Grande  Irrigation  Co.,  174  U.  S.,  090, 
704-706,  the  objection  is  devoid  of  merit.  *  *  ♦  By  the  act  of  March  3, 
1877,  e.  107,  19  8tat.,  377,  the  right  to  appropriate  such  an  amount  of  water  as 
might  be  necessarily  used  for  the  purpt'se  of  irrigation  and  reclamation  of 
desert  land,  part  of  the  public  domain,  was  granted,  and  it  was  further  provided 
tliat  *  all  surplus  water  over  and  at)ove  such  actual  appropriation  and  use,  to- 
gether with  the  water  of  all  lakes,  rivers,  and  other  sources  of  water  supply 
upon  the  public  lands  and  not  navigable,  shall  remain  and  be  held  free  for  the 
appropriation  and  use  of  the  public  for  irrigation,  mining,  and  manufacturing 
purposes,  subject  to  existing  rights.' " 

In  United  States  v.  Rio  Grande  Irr.  Co.,  the  inquiry  was  as  to  the  navigability 
of  the  Rio  Grande  River  and  to  the  effect  a  proposed  dam  therein  would  have 
on  navigation.  While  it  was  there  unquestioned  ttiat  the  common-law  rule  was 
that  every  riparian  owner  was  entitled  to  the  continual  flow  of  the  stream  and 
that  States  and  Territories  had  the  i)ower  to  change  this  rule  and  to  permit  the 
appropriation  of  the  flowing  waters  for  such  purposes  as  they  deemed  wise,  the 
court  states  that  this  power  **  is  limited  by  the  sui)erior  power  of  the  General 
Government  to  secure  the  uninterrupted  navigation  of  all  streams  within  the 
limits  of  the  United  States.**  It  was  urged  in  this  connection  that  the  desert- 
land  act  of  1877  also  Included  therein  the  right  to  appropriafb  the  waters  of  any 
stream,  even  though  the  depletion  caused  thereby  should  Impede  navigation. 
Iti  the  opinion  the  desert-land  act.  together  with  tliat  of  the  acts  of  1866  and 
1891.  are  referred  to,  concerning  which  the  court,  by  Mr.  Justice  Brewer,  at  page 
706,  comments  as  follows: 

"Obviously  by  these  acts,  so  far  as  they  extended.  Congress  recognized  and 
assented  to  the  appropriation  of  water  in  contravention  of  the  common-law  rule 
/IS  to  continuous  flow.  To  infer  therefrom  that  Congress  intended  to  release 
its  control  over  the  navigable  streams  of  the  country  and  to  grant  in  aid  of 
mining  Industries  and  the  reclamation  of  arid  lands  the  right  to  appropriate 
the  waters  on  the  sources  of  navigable  streams  to  such  an  extent  as  to  destroy 
their  navigability  is  to  carry  those  statutes  beyond  what  their  fair  import 
permits.  This  legislation  must  be  interpreted  in  the  light  of  existing  facts — that 
all  through  this  mining  region  In  the  West  were  streams,  not  navigable,  whose 
waters  could  safely  be  appropriated  for  mining  and  agricultural  Industries, 
without  serious  Interference  with  the  navigability  of  the  rivers  Into  which  those 
waters  flow.  And  in  reference  to  all  these  cases  of  purely  local  interest,  the 
obvious  purpose  of  Congress  was  to  give  its  assent,  so  far  as  the  public  lands 
were  concerned,  to  any  system,  although  In  contravention  to  the  common-law  rule, 
which  permitted  the  appropriation  of  those  waters  for  legitimate  Industries." 
These  appear  to  be  the  only  cases  in  which  the  attention  of  the  court  has  been 
called  to  this  act,  the  plain  Inference  from  which  Is  that  in  the  opinion  of  the 
eminent  jurists  quoted,  the  act  of  March  3,  1877,  was  such  a  reservation  by  the 
National  Government  to  and  for  the  public  and  such  dedication  thereto  of  all 
its  rights  in  and  to  all  the  waters  flowing  through  its  public  lands  for  Irriga- 
tion, manufacturing,  and  mining  pur|)08es,  as  to  abrogate  the  modifled  common- 
law  rules  upon  the  subject,  in  so  far  as  applicable  to  all  lands  entered  after 
that  date. 
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But  the  effect  of  the  language  of  the  act  that  '*  there  shall  remain  and  be 
held  free  for  the  appropriation  and  use  of  the  public  for  irrigation,"  etc.,  we 
think,  while  constituting  words  of  reservation  and  dedication,  limits  the  rights 
thereunder  to  the  deprivation  of  the  riparian  lands  of  the  water,  only,  in  so 
far  as  it  may  be  claimed  by  the  riparians  for  the  purposes  there  enumerated. 
One  of  the  rights  inseparable  from  the  land  has  always  been  that  the  owner 
of  such  land  was  entitled  to  an  adequate  supply  of  water  flowing  over  it  for 
domestic  use,  together  with  sufficient  for  the  domestic  animals  necessary  for  the 
proper  subsistence  and  maintenance  of  the  landed  proprietor  and  his  family. 
This  necessary  use,  no  doubt,  gave  rise  to  the  doctrine  of  riparian  rights  in 
the  earliest  development  of  the  law  upon  the  subject,  followed  by  require- 
ments for  navigation,  next  extended  to  include  the  right  to  its  use  for 
power  purposes,  and  later  to  the  production  of  such  garden  and  grains  as 
were  essential  to  the  subsistence  of  the  family  of  such  riparian  owner.  At 
first  the  right  of  all  riparians  was  evidently  restricted  to  the  demands  upon 
the  stream  for  the  first  purposes  named.  Lastly,  as  civilization  progressed 
and  extended  over  the  semlarid  sections  throughout  the  different  nations,  the 
riparian  demands  accordingly  t>ecame  more  extensive  and  enlarged  to  In- 
clude irrigation,  but  limited  at  first,  no  doubt,  to  the  watering  of  such  garden 
and  other  produce  reasonably  necessary  for  the  riparians*  domestic  consump- 
tion, and  as  the  strictly  arid  localities  became  populated,  by  reason  of  the 
cori:espondlngly  increased  commercial,  agricultural,  and  mining  development, 
this  right  was  finally  extended  to  Include  the  Irrigation,  not  only  for  the  lim- 
ited purposes  mentioned,  but  to  the  watering  of  large  areas  In  the  production 
of  grains  and  oth*  agricultural  products,  together  with  its  expansion  thereof 
to  include  all  its  present  uses. 

The  language  used  in  this  act  was  clearly  Intended  to  change  the  rule  re- 
specting the  right  of  riparians  to  the  use  of  water  for  Irrigation,  mining,  and 
power  purposes;  but  as  In  the  last  case  cited  It  has  lis  limits.  It  does  not  go 
so  far  as  to  affect  the  rights  originally  giving  rise  to  the  doctrine  of  riparian 
rights,  that  l^  for  domestic  use,  Including  the  watering  of  domestic  animals 
and  such  stock  as  may  be  essential  to  the  sustenance  of  the  owners  of  lands 
adjacent  to  the  streams  or  other  bodies  of  water.  And  as  held  In  the  last  case 
cited,  although  abrogating  the  common-law  rule  on  the  subject,  the  act  was  not 
Intended  to  permit  apprdprlators  to  deplete  the  flow  to  such  an  extent  as 
materially  to  impair  the  navigation  of  the  rivers  to  which  such  streams  di- 
rectly or  indirectly  may  be  tributaries.  The  reason  for  this  Is  plain;  to  per- 
mit an  Interference  with  navigation  would  be  to  deprive  the  entire  public  of 
a  valuable  right  which  at  all  times  has  been  recognized  as  paramount  to  that 
of  the  Indlvlduai  desiring  such  Interference;  while  to  permit  an  appropria- 
tion of  water  depriving  the  owner  of  the  land  through  which  it  may  flow  of 
its  use  for  irrigation  affects  such  person  only.  So  far  as  the  Government  may 
be  concerned  by  the  depletion  of  a  particular  tract  of  land  of  such  benefit.  If 
any,  it  is  recouped  by  the  reclamation  of  a  like  tract  for  which  the  diversion 
causing  the  Injury  may  be  made. 

However,  U  can  not  be  presumed  that  it  was  the  intention  of  Ck)ngress  to 
render  the  soil  absolutely  worthless  by  drying  the  lands  by  diversion  of  the 
waters  flowing  through  them  to  nonrlparlan  lands  as  to  leave  the  soil  without 
the  water  essential  to  the  owner's  domestic  needs.  Presumably  the  best  pos- 
sible results  for  all  concerned  were  Intended,  which  It  Is  clear  could  best  be 
obtained  by  permitting  the  settler  to  retain  the  quantity  of  water  essential  to 
the  sustenance  of  bis  family  and  to  other  natural  wants  incident  thereto,  but  if 
he  does  not  see  proper  to  apply  it  to  any  of  the  uses  specified  In  the  act,  then 
to  permit  the  first  home  builder  on  other  lands  to  make  such  use  of  it  as  will 
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brin^  into  cultivation  the  lands  not  adjacent  to  the  streams,  thereby  protecting 
the  settlers  upon  both  classes  of  lands,  and  at  the  same  time  not  only  encourage 
home  building  but  enable  the  Government  to  dispose  of  more  of  its  lands,  and 
to  enhance  its  revenues  proportionately. 

It  often  happens  that  an  owner  of  land  in  arid  districts  does  not  want  to 
farm  tbem,  but  merely  wants  a  home  where  he  may  raise  stock  or  engage  in 
other  pursuits,  requiring  only  sufficient  water  supply  to  meet  the  natural  wants 
incid^it  thereto,  and  for  which  no  artificial  diversion  or  application  of  the 
stream  may  become  necessary.  It  will  not,  therefore,  necessarily  be  presumed 
tlmt  such  settler  intends  to  irrigate  his  lands  or  that  he  will  ever  demand  the 
water  for  such  purposes,  for  which  reason  Congress  evidently  intended  by  the 
language  used  in  the  act  of  1877  that  if  desired  for  such  purposes  some  mani- 
festation thereof,  by  diversion  or  other  sufficient  notice,  should  be  given,  and  if 
not  desired  for  the  reclamation  of  his  lands  that  the  owner  should  not  be 
permitted  to  complain  if  another  shall  so  apply  it 

But,  as  regards  the  requirements  for  domestic  use,  the  settlement,  or  other 
stefjs  taken  looking  toward  the  procurement  of  title  thereto,  gives  ample  notice 
that  the  water  for  all  necessary  domestic  uses  is  and  will  continue  to  be  de- 
manded as  appurtenant  to  the  land  entered — as  much  so  as  would  a  diversion 
of  tbe  water  for  such  purposes ;  while  if  intended  to  be  appropriated  for  mining, 
irrigation,  or  power  purposes,  some  affirmative  action  in  that  direction  is 
essential,  and  it  is  but  reasonable  to  require  a  clear  manifestation  of  an  intent 
or  notice  thereof.  This  requirement  is  vital  to  the  initiation  of  such  a  right, 
for  the  same  reason  that  some  notice  is  exacted  for  the  entry  of  the  land  itself. 
Congress  could  reasonably  presume  that  if  an  appropriation  were  desired  for 
the  purpose  mentioned  in  the  act,  some  steps  would  be  taken  manifesting  such 
intent,  and  that  if  the  owner  is  not  the  first  to  move  in  that  direction  the  per- 
son making  an  application  thereof  to  a  beneficial  use  within  a  reasonable  time 
ought  to  be  rewarded  for  his  diligence,  and  he  Is  entitled  to  have  his  rights  in 
that  respect  recognized  and  protected.  For  this  reason  the  settler  who  has 
acquired  title  to  the  land  through  which  any  stream  may  fiow  took  It  subject 
to  the  rights  of  the  person  who  has  or  who  may  subsequently  make  4 he  first 
use  of  such  stream  for  the  purpose  enumerated  in  the  act,  excepting  only  as  to 
the  natural  wants  and  needs  of  such  settler. 

Our  attention  is  called  to  references  In  our  statute  to  riparian  rights  (B.  and 
C.  Comp.,  4994,  5000),  which,  it  is  argued,  recognizes  the  doctrine  of  riparian 
rights  as  being  in  force  in  this  State,  regardless  of  the  act  of  Congress  under 
consideration.  It  could  with  equal  strength  be  maintained  that  sec.  5002  ib., 
which  provides  that  "all  controversies  respecting  rights  to  water  under  this 
act  shall  be  determined  by  the  dates  of  the  appropriations  as  resi)ectlvely  made 
by  the  parties.*'  constitutes  a  declaration  to  the  effect  that  the  doctrine  of  prior 
appropriation  shall  prevail. 

The  statute  does  not  attempt  to  define  riparian  rights  nor  to  determine  the 
extent  or  effect  of  the  doctrine  as  applied  to  Irrigation.  It  has  reference  only 
to  such  rights  as  such  riparian  owner  as  the  proprietor  may  have,  whatever 
they  may  be;  and  the  question  as  to  what  such  rights  are,  and  since  lvS77  have 
been,  is  the  one  under  consideration  here.  Owners  of  land  adjacent  to  bodies 
of  water  have  riparian  rights  other  than  those  presented  in  this  controversy: 
See  Morton  v.  O.  S.  L.  Ry.  Co.,  48  Or.,  444 ;  Coquille  Mill  and  M.  C^.  v.  John- 
son (Or.),  98  Pac,  154.  As  hereinbefore  held,  the  act  of  1877  only  affects  ripa- 
rian rights  to  lands  the  title  to  which  has  been  acquired  since  that  date,  and 
then  only  in  so  far  as  a  claim  to  the  use  of  water  may  be  asserted,  as  riparian 
owner  for  the  purposes  In  tbe  act  enumerated.  And  In  this  connection  It  will 
be  observed  that  sec.  5000,  B.  and  C.  Comp.,  protects  the  owner  contiguous  to 
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the  stream,  as  against  those  claiming  under  the  act  of  which  that  section  is  n 
part,  In  his  right  to  the  flow  of  the  stream  to  the  extent  required  for  household, 
domestic,  and  other  uses  Incident  thereto,  with  sufficient  quantity  for  irrigation 
purposes  to  the  extent  then  actually  needed  and  in  use.  An  exception  to  that 
extent  is  accordingly  made  in  favor  of  the  landowner,  as  against,  and  only 
to  the  extent  of.  such  rights  as  may  be  asserted  under  the  act. 

Our  attention  is  called  to  Sturr  v.  Beck,  133  U.  8.,  541.  That  was  a  con- 
troversy between  a  ripariap  owner  and  a  subsequent  but  prior  appropriator. 
and  was  submitted  on  an  agreed  statement  of  facts.  Based  upon  these  stipula- 
tions, the  trial  court  made  findings,  among  which  was  that  the  defendant's 
first  settlement  upon  his  land  through  which  the  stream  flowed  was  in  March, 
1877,  and  that  he  made  a  homestead  filing  thereon  on  the  25th  of  the  same 
month.  Those  findings  were  conclusive  upon  the  appellate  court.  The  date 
alluded  to  does  not  disclose  whether  the  settlement  was  prior  or  subsequent  to 
March  3,  1877,  the  date  of  the  desert-land  act 

Owing,  therefore,  to  the  uncertainty  as  to  the  date  of  settlement  this  decision 
can  not  be  held  in  point.  And  the  further  fact  that  no  reference  appears  as  to 
the  exact  date  clearly  indicates  that  either  the  settlement  was  made  before  that 
date,  or  that  the  question  did  not  occur  to  the  litigants  and  was  accordingly 
not  urged  before  the  court,  nor  considered  by  it.  But  whatever  view  may  be 
taken  in  this  respect,  its  l>earing  on  the  question  at  liand  Is  practically  disre- 
garded, if  not  overruled,  by  that  court  in  its  declaration  on  the  subject  throngh 
Mr.  Justice  Brewer,  In  United  States  t\  Rio  Grande  Irr.  Co.,  above  quoted^  as 
well  as  In  the  general  reference  to  this  act  by  the  same  court  In  an  opinion  by 
Mr.  Justice  White  in  Gutierres  v.  Albuquerque  Land  Co.,  188  U.  S.,  545.  To  the 
extent,  therefore,  that  Sturr  v.  Beck  may  be  deemed  a  precedent,  as  regards 
riparian  rights,  its  weight  is  materially  lessened.  If  Indeed  the  rule  as  there 
and  previously  enunciated  on  the  subject  is  not  overruled  by  that  court  in  the 
recent  case  of  Kansas  v.  Colorado,  206  U.  S.,  40.  In  Sturr  r.  Beck  it  was,  in 
effect,  held  that  the  plaintiff  could  make  no  appropriation  as  against  Beck,  who 
was  a  riparian  proprietor  and  who  was  entitled  to  the  undiminished  flow  of  the 
stream.  This  claim  as  to  the  law  was  asserted  and  the  same  application  thereof 
Insisted  upon  In  Kansas  v.  Colorado,  in  which  the  citizens  of  Ivansas  insisted 
that  large  quantities  of  water  were  being  diverted  from  the  Arkansas  River  by 
the  inhabitants  of  Colorado,  a  large  number  of  whom  were  claiming  as  prior 
appropriators  and  diverting  the  water  to  nonriparlan  lands,  as  against  Kansas, 
a  riparian  proprietor.  In  Kansas  the  modified  doctrine  of  riparian  rights  prevailetl. 
while  in  Colorado  prior  appropriation  was  and  is  recognized  as  the  governing 
doctrine.  The  court  refused  injunctive  relief  and  dismissed  the  bill,  stating  in 
substance  that  If  the  riparian  doctrine  should  prevail  In  Ivansas  as  against 
Colorado  and  against  the  nonriparlan  users  whose  rights  were  involved  therein, 
Oklahoma  and  Its  citizens  lower  on  the  Arkansas  River  might  invoke  the  same 
rule  in  opposition  to  both  the  citizens  of  Kansas  and  Colorado,  to  their  great 
injury,  which  doctrine.  It  Is  observed,  would  be  ruinous  in  Its  effect.  The  court, 
in  dismissing  the  bill,  indicated  that  no  Injunction  would  lie  until  a  more  sub- 
stantial Injury  could  be  shown,  and  at  the  same  time  found  that  the  inter- 
ference by  a  large  number  of  the  appropriators  above  in  the  State  of  Colorado 
materially  depleted  the  flow  to  the  riparian  lands  of  the  plaintiff.  This  opinion 
was  written  by  Mr.  Justice  Brewer,  who  was  not  a  member  of  the  court  when 
the  case  of  Sturr  v.  Beck  was  argued  and  submitted,  for  which  reason,  although 
a  member  of  the  court  when  the  opinion  In  the  latter  case  was  flled,  he  took  no 
part  In  the  decision.  The  opinion  in  the  Kansas-Colorado  case  not  only  brushes 
aside  the  rule  claimed  to  have  been  announced  in  Sturr  r.  Beck,  regarding 
riparian  rights,  but  discloses  what.  In  the  opinion  of  the  writer,  is  a  strong  and 
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commendable  tendency  on  the  i>art  of  that  great  court  to  recognize  that  the 
rigid  rules  of  common  law,  as  interpreted  and  sought  to  be  applied  by  those 
insisting  upon  the  "  undiminished  flow  '*  theory,  are  Inapplicable  to  the  many 
new  and  intricate  questions  necessarily  arising  under  our  form  of  government 
and  through  the  arid  and  semiarid  sections.  For  a  specified  statement  of  the 
facts  in  this  case,  disclosing  many  of  the  defendants  to  liave  been  using  the 
water  on  nonriparlan  lands,  see  the  first  opinion,  which  was  on  demurrer: 
Kansas  v.  Colorado,  185  U.  S.,  125.  / 

WATEB  POWEBS  ON  NAVIGABLE  STBBAliS. 

Under  existing  laws  and  interpretations  thereof  the  Federal  Gov- 
ernment is  prevented  from  exercising  full  sovereign  control  over  any 
waters  except  those  in  the  Territories.  It  will  therefore  be  of  interest 
to  review  the  character  of  national  legislation  respecting  the  develop- 
ment of  water  powers.  ' 

It  is  clear  that  on  navigable  streams  the  unregulated  development 
of  water  power  would  interfere  with  navigation.  Therefore,  while 
the  authority  of  the  Federal  Government  does  not  extend  to  the 
regulation  of  water-power  development  per  se,  it  must  intervene  to 
the  extent  necessary  to  preserve  or  to  facilitate  navigation.  Power 
development  on  these  streams  must  therefore  be  subject  to  the  dictates 
of  the  Federal  Government  in  so  far  as  may  be  necessary  to  accom- 
plish this  purpose.  The  present  national  law  relative  to  the  develop- 
ment of  water  powers  on  navigable  streams  reads  as  follows  (Rev. 
Stat.,  chap.  3508,  vol.  34,  p.  386)  : 

An  act  to  regulate  the  construction  of  dnnm  across  navigable  waters. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United 
(States  of  America  in  Congress  assembled.  That  when,  hereafter,  authority  is 
granted  by  Congress  to  any  i>erFons  to  construct  and  maintain  a  dam  for  water 
power  or  other  purposes  across  any  of  the  navigable  waters  of  the  United 
States,  such  dams  [sic]  shall  not  be  built  or  commenced  until  the  plans  and 
six»cifications  for  its  construction,  together  with  such  drawings  of  the  proposed 
construction  and  such  map  of  the  proposed  location  as  may  be  required  for  a 
full  understanding  of  the  subject,  have  been  submitted  to  the  Secretary  of  War 
and  Chief  of  Engineers  for  their  approval,  or  until  they  shall  have  approved 
nich  plans  and  specifications  and  the  location  of  such  dam  and  accessory  works; 
and  when  the  plans  for  any  dam  to  be  constructed  under  the  provisions  of  this 
act  liave  been  approved  by  the  Chief  of  Engineers  and  by  the  Secretary  of  War 
it  shall  not  be  lawful  to  deviate  from  such  plans  either  l>efore  or  after  comple- 
tion of  the  structure  unless  the  modification  of  such  plans  has  previously  been 
submitted  to  and  received  the  approval  of  the  Chief  of  Engineers  and  of  the 
Secretary  of  War:  Provided,  That  In  approving  said  plans  and  location  such 
conditions  and  stipulations  may  be  imposed  as  the  Chief  of  Engineers  and  the 
Secretary  of  War  may  deem  necessary  to  protect  the  present  and  future  Inter- 
ests of  the  United  States,  which  may  include  the  condition  that  such  persons 
shall  construct,  maintain,  and  operate,  without  expense  to  the  Ignited  States,  in 
connection  with  said  dam  and  appurtenant  works,  a  lo<*k  or  locks,  booms,  sluices, 
or  any  other  structures  which  the  Secretary  of  W^ar  and  the  Chief  of  Engineers 
at  any  time  may  deem  necessary  in  the  Interest  of  navigation,  in  accordance 
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with  such  plans  as  they  may  approve,  and  also  that  whenever  Congress  shall 
authorize  the  construction  of  a  lock,  or  other  structures  for  navigation  purixjses, 
in  connection  with  such  dam,  the  person  owning  such  dam  shall  convey  to  the 
United  States,  free  of  cost,  title  to  such  land  as  may  be  required  for  such  con- 
structions and  approaches,  and  shall  grant  to  the  United  States  a  free  use  of 
water  power  for  building  and  operating  such  constructions. 

Sec.  2.  That  the  right  Is  hereby  reserved  to  the  United  States  to  construct, 
maintain,  and  operate,  In  connection  with  any  dam  built  under  the  pro- 
visions of  this  act,  a  suitable  lock  or  locks,  or  any  other  structures  fbr  naviga- 
tion purposes,-  and  at  all  times  to  control  the  said  dam  and  the  level  oi  the  pool 
caused  by  said  dam  to  such  an  extent  as  may  be  necessary  to  provide  proper 
facilities  for  navigation. 

Sec.  3.  That  the  person,  company,  or  corporation  building,  maintaining,  or 
operating  any  dam  and  appurtenant  works,  under  the  provisions  of  this  act« 
shall  be  liable* for  any  damage  that  may  be  Inflicted  thereby  upon  private  prop- 
erty, either  by  overflow  or  otherwise.  The  persons  owning  or  or>eratlng  any 
such  dam  shall  maintain,  at  their  own  expense,  such  lights  and  other  signals 
thereon  and  such  fishways  as  the  Secretary  of  Commerce  and  Labor  shall 
prescribe. 

Sec  4.  That  all  rights  acquired  under  this  act  shall  cease  and  be  determined 
If  the  person,  company,  or  corporation  acquiring  such  rights  shall,  at  any  time, 
fail  to  comply  with  any  of  the  provisions  and  requirements  of  the  act,  or  with 
any  of  the  stipulations  and  conditions  that  may  be  prescribed  as  aforesaid  by 
the  Chief  of  Engineers  and  the  Secretary  of  War. 

Sec.  5.  That  any  persons  who  shall  fail  or  refuse  to  comply  with  the  lawful 
order  of  the  Secretary  of  War  and  the  Chief  of  Engineers,  made  In  accordance 
with  the  provisions  of  this  act,  shall  be  deemed  guilty  of  a  violation  of  this 
act,  and  any  persons  who  shall  be  guilty  of  a  violation  of  this  act  shall  bedeenied 
guilty  of  a  misdemeanor,  and  on  conviction  thereof  shall  be  punished  by  a  fine 
not  exceeding  flve  thousand  dollars,  and  every  month  such  person  shall  remain 
in  default  shall  be  deemed  a  new  oflTense  and  subject  such  persons  to  additional 
penalties  therefor;  and  In  addition  to  the  penalties  above  described  the  Secre- 
tary of  War  and  the  Chief  of  Engineers  may,  upon  refusal  of  the  i)ersons  own- 
lug  or  controlling  any  such  dam  and  accessory  works  to  comply  with  any  law- 
ful order  issued  by  the  Secretary  of  War  or  Chief  of  E2ngineers  in  regard  thereto, 
cause  the  removal  of  such  dam  and  accessory  works  as  an  obstruction  to  navi- 
gation at  the  expense  of  the  persons  owning  or  controlling  such  dam,  and 
suit  for  such  expense  may  be  brought  In  the  name  of  the  United  States  against 
such  persons,  and  recovery  had  for  such  exi)ense  In  any  court  of  com|3etent 
jurisdiction ;  and  the  removal  of  any  structures  erected  or  maintained  in  viola- 
tion of  the  provisions  of  this  act  or  the  order  or  direction  of  the  Secretary  of 
TV^ar  or  Chief  of  Engineers  made  In  pursuance  thereof  may  be  enforced  by  in- 
junction, mandamus,  or  other  summary  process,  upon  application  to  the  circuit 
court  in  the  district  in  which  such  structure  may.  In  whole  or  In  part,  exist, 
and  proper  proceedings  to  this  end  may  be  instituted  under  the  direction  of  the 
Attorney-General  of  the  United  States  at  the  request  of  the  Chief  of  Engineers 
or  the  Secretary  of  War;  and  in  case  of  any  litigation  arising  from  any  ob- 
struction or  alleged  obstruction  to  navigation  created  by  the  construction  of 
any  dam  under  this  act,  the  cause  or  question  arising  may  be  tried  before  the 
circuit  court  of  the  United  States  in  any  district  in  which  any  portion  of  said 
obstruction  or  dam  touches. 

Sec.  6.  That  whenever  Congress  shall  hereafter  by  law  authorize  the  con- 
struction of  any  dam  across  any  of  the  navigable  waters  of  the  United  States, 
and  no  time  for  the  commencement  and  completion  of  such  dam  Is  named  in 
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said  act,  the  authority  thereby  granted  shall  cease  and  be  null  and  void  unless 
the  actual  construction  of  the  dam  authorized  in  such  act  be  commenced  within 
ooe  year  and  completed  within  three  years  from  the  date  of  the  passage  of 
such  act. 

Sec.  7.  That  the  right  to  alter,  amend,  or  repeal  this  act  is  hereby  expressly 
reserved  as  to  any  and  all  dams  which  may  be  constructed  in  accordance  with 
the  provisions  of  this  act,  and  the  United  States  shall  incur  no  liability  for  the 
alteration,  amendment,  or  repeal  thereof  to  the  owner  or  owners  or  any  other 
persons  Interested  In  any  dam  which  shall  have  l)een  constructed  In  accordance 
with  Its  provisions. 

Sec.. 8.  Th6t  the  word  "jiersons"  as  used  in  this  act  shall  be  construed  to 
import  both  the  singular  and  the  plural,  as  the  case  demands,  and  shall  Include 
corporations,  companies,  and  associations. 

Approved,  June  21,  1906. 

The  above-quoted  act  vests  no  authority  in  the  Federal  (xoverninent 
to  regulate  corporate  features  of  any  development,  nor  the  distribu- 
tion of  power,  nor  the  rates  to  be  charged  therefor,  nor  any  other 
matter  of  public  interest  except  that  of  navigation.  In  pursuance  of 
the  law,  seventy-eight  special  acts  have  been  passed  by  Congress 
authorizing  the  construction  of  dams  across  navigable  waters. 
Whether  or  not  the  authority  indicated  in  the  act  confers  upon  the 
Federal  Government  the  right  to  do  more  than  to  preserve  the  navi- 
gability of  an  inland  waterway  is  a  question  that  is  in  dispute  at  the 
present  flm'e.  President  Roosevelt  vetoed  two  bills  granting  fran- 
chise for  the  construction  of  dams  under  this  act,  declaring  that  he 
would  withhold  his  approval  from  all  bills  of  this  kind  unless  they 
provided  that — 

There  should  be  a  license  fee  or  charge,  which,  though  small  or  nominal  at 
the  outset,  can  In  the  future  be  adjusted  so  as  to  secure  a  control  In  the  inter- 
est of  the  public. 

The  following  excerpt  from  a  report^  presented  by  Hon.  Knute 
Nelson,  United  States  Senator  from  Minnesota,  on  behalf  of  the  Sen- 
ate Committee  on  Commerce,  contains  an  argument  against  such  a 
doctrine : 

The  President,  in  a  communication  addressed  to  the  chairman  of  the  Senate 
Committee  on  Ck)mmerce,  dated  March  18  last,  as  well  as  In  his  veto  message 
of  April  17,  relating  to  the  bill  (H.  R.  15444)  to  extend  the  time  for  the  con- 
struction of  a  dam  across  Rainy  River,  has  declared  It  to  be  his  ix)licy  not  to 
iipprove  of  any  bill  permitting  the  construction  of  a  dam  by  private  parties  across 
a  navigable  stream,  although  due  provision  is  made  for  the  conservation  of  the 
Htream  for  the  purposes  of  navigation,  unless  the  bill  provides  for  the  payment  of 
a  royalty  or  compensation  to  the  United  States  for  the  use  of  the  water  of  the 
stream  for  purposes  other  than  navigation. 

This  Is  a  new  departure  from  the  policy  heretofore  pursued  In  respect  to  leg- 
islation authorizing  the  construction  of  such  dams,  and  In  view  of  this  fact  It 
becomes  Important  to  Inquire  whether  the  Government  of  the  United  States  has 
the  right  to  require  compensation  for  the  use  of  water  In  such  streams  for  pur- 
poses other  than  navigation. 


»  S.  Ropt.  No.  5^5,  sixtieth  Cong.,  Ist  sess.,  pp.  3-9. 
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The  common-law  doctrine  of  England  that  a  stream  l«  not  deemed  to  be  a 
navigable  waterrourse  nnless  the  tide  ebbs  and  flows  in  it  is  not  the  law  in 
this  country.  The  question  whether  a  watercourse  is  a  navigable  stream  is 
one  of  fact.  If  it  Is  callable  of  being  useil  for  the  purposes  of  trade  and  com- 
merce in  any  mode,  even  for  floating  rafts  of  logs  and  timber,  it  is  deemed 
to  be  a  navigable  stream. 

(The  Montello,  20  Wall.,  430.) 

(St.  Anthony  Water  I'ower  Company  v.  St.  Paul  Water  Commissioners,  16S 
r.  S.,  340.) 

The  title  to  the  water  of  a  navigable  stream  within  the  borders  of  a  State  Is 
not  in  the  Federal  Government,  but  in  the  State;  and  title  to  the  banks  and 
bed  of  the  stream,  after  the  Federal  Government  has  parted  with  its  rirwrian 
landsj,  is  either  in  the  State  or  in  the  rii»arian  owner,  or  bi>th,  according  to  the 
laws  of  the  respective  States.  These  principles  have  bei»n  laid  do^Ti  and 
applied  by  the  Supreme  Court  of  the  United  States  in  the  following  among 
(»ther  cases,  and  is- the  settled  law  of  the  land,  to  wit;  Martin  r.  W'addeil  (16 
Pet.,  :W7)  ;  Pollard  i\  Hagan  (3  How.,  212)  ;  Goodtitle  v.  Klbbe  (9  How., 
471)  ;  Barney  v.  Keokuk  (SH  U.  S.,  324)  ;  St.  Louis  v.  Myers  (113  U.  S.,  560); 
l»acker  v.  Bird  (137  U.  S.,  601)  ;  lladrin  i\  Jordan  (140  U.  S.,  371)  ;  Kaukauna 
Water  I'ower  Company  v.  Green  Bay  and  Mi8sissii)pi  Canal  Company  (142 
U.  S.,  254) ;  Shively  v.  Bowlby  (152  U.  S.,  1)  ;  Water  Power  CX)mpany  v.  Water 
Conmiissioners  (l(i8  U.  S.,  349)  ;  Kean  v,  Calumet  Canal  Company  (190  U.  S., 
452)  ;  United  States  v.  The  Chandler  Dunbar  Water  Power  Comimny  (U.  S. 
Supreme  Court,  April  20,  1908). 

The  use  of  water  in  such  a  stream  is  a  matter  of  state  regulation  and  state 
control.  In  many  of  the  States  the  t»ommon-law  rule,  *as  defined  in  \he  follow- 
ing language  of  Chancellor  Kent,  prevails,  to  wit ; 

•*  Every  proprietor  of  lands  on  the  banks  of  a  river  has  naturally  an  equal 
right  to  the  use  of  the  water  which  flows  in  the  stream  adjacent  to  his  lands, 
as  it  was  wont  to  run  (currere  soleb  ?t),  without  diminution  or  alteration.  No 
l)roprletor  has  a  right  to  use  the  water  to  the  prejudice  of  other  proprietors 
above  or  below  him  unless  he  has  a  prior  right  to  divert  it,  or  a  title  to  some 
exclusive  enjoyment.  He  has  no  property  in  the  water  itself,  but  a  simple 
usufruct  while  it  passes  along.  Aqua  currit  et  debet  currere  ut  currere  solebat 
is  the  language  of  the  law.  Though  he  may  use  the  water  while  it  runs  over 
his  land  as  an  incident  to  the  land,  he  can  not  unreasonably  detain  it  or 
give  it  another  direction,  and  he  must  return  it  to  its  ordinary  channel  when  It 
leaves  his  estate.*' 

In  the  mining  and  arid  States  the  rule  of  prior  apijropriation  for  mining  and 
irrigation  puri)oses  prevails,  and  this  rule  of  the  States  has  been  recognized  by 
fiHleral  statutes  (Kev.  Stat.,  sws.  23:«)-2:i40 ) .  In  some  of  the  States  there  Is  a 
mixed  application,  as  In  California,  of  the  common-law  rule  and  the  rule  of 
prior  appropriation. 

But  whatever  rule  may  prevail  in  any  State  as  to  the  use  of  the  water  hi  a 
stream,  it  is  always  subject  to  the  following  limitations,  laid  down  by  the 
Supreme  Court  in  the  case  of  the  United  States  v,  Klo  Grande  Dam  and  Irriga- 
tion CX)mpany  (174  U.  S.,  090)  : 

**Although  this  iK)wer  of  changing  the  common-law  rule  as  to  streams  within 
Its  dominion  undoubtedly  belongs  to  each  State,  yet  two  limitations  must  Ih» 
recognized :  First,  that  in  the  absence  of  specific  authority  from  Congress  a 
State  can  not  by  Its  legislation  destroy  the  right  of  the  Ignited  States,  as  the 
owner  of  lands  ix^derlng  on  a  stream,  to  the  continued  flow  of  its  water;  so  far 
at  least  as  may  be  necessary  for  the  beneficial  ust^s  of  the  government  i)roi)erty. 
Second,  that  it  Is  limited  by  the  sui>erlor  iwwer  of  the  General  Government  to 
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secure  the  uninterrupted  navigability  of  all  navigable  streams  within  the  limits 
of  the  United  States.  In  other  words,  the  Jurisdiction  of  the  General  Govem- 
meot  over  interstate  commerce  and  Its  natural  highways  vests  in  that  Govern- 
ment the  right  to  take  all  needed  measures  to  preserve  the  navigability  of  the 
navigable  watercourses  of  the  country  even  against  any  state  action." 

Where  the  Federal  Government  is  not  Interested  as  the  owner  of  riparian 
lands  the  only  interest  k  has  in  the  water  of  a  stream  is  as  to  its  use  for  pur- 
pose* of  navigation,  and  It  can  lay  no  claim  to  the  use  of  the  water  for  any  other 
imrpose,  not  even  for  irrigation.     (Kansas  v,  Colorado,  206  U.  S.,  46.) 

In  this  case  the  United  States  appeared  as  intervener,  but  inasmuch  as  it 
founded  its  claim  not  on  the  question  of  navigation  but  on  the  question  of 
irrigation,  the  court  held  that  it  had  no  ground  for  intervention  and  dismissed 
its  petition.    In  reference  to  this  subject  the  court  says: 

"  It  foUows  from  this  tliat  if  In  the  present  case  the  National  Government 
was  asserting,  as  against  either  Kansas  or  Colorado,  tliat  the  appropriation  for 
the  puri»ose  of  irrigation  of  the  waters  of  the  Arkansas  was  affecting  the  navi- 
gability of  the  stream,  it  would  become  our  duty  to  determine  the  truth  of  the 
eliarge.  But  the  Government  makes  no  such  contention.  On  the  contrary,  it 
distinctly  asserts  that  the  Arkansas  River  is  not  now  and  never  was  practically 
navigable  beyond  Fort  Gibson,  in  tbe  Indian  Territory,  and  nowhere  claims 
that  any  appropriation  of  the  waters  by  Kansas  or  Colorado  affects  its  navi- 
gabUity. 

"  It  rested  its  petition  of  intervention  uix)n  Its  alleged  duty  of  legislating  for 
the  reclamation  of  arid  lands.    ♦    ♦    ♦ 

"Turning  to  the  enumeration  of  the  powers  granted  to  Congress  by  the 
eighth  section  of  the  first  article  of  the  Constitution,  it  is  enough  to  say  that  no 
one  of  them  by  any  Implication  refers  to  the  reclamation  of  arid  lands.  ♦  ♦  ♦ 
**  While  arid  lands  are  to  be  found  mainly  if  not  only  In  the  Western  and 
newer  States,  yet  the  powers  of  the  National  Government  within  the  limits  of 
those  States  are  the  same  (no  greater  and  no  less) ^ than  those  within  the  limits 
of  the  original  thirteen,  and  It  would  be  strange  If,  In  the  absence  of  a  definite 
grant  of  power,  the  National  Government  could  enter  the  territory  of  the  States 
along  the  Atlantic  and  legislate  In  respect  to  improving,  by  irrigation  or  other- 
wise, the  lands  within  their  borders.  Nor  do  we  understand  that  hitherto  Con- 
gress has  acted  In  disregard  to  this  limitation." 

It  was  the  doctrine  at  common  law  that  a  grant  of  land  upon  the  borders  of  a 
navigable  stream  carried  the  grant  only  to  high-water  mark,  while  a  grant  of 
land  bordering  ui)on  a  nonnavlgable  stream  carried  the  ownership  to  the  center 
or  thread  of  the  stream,  subject  to  the  public  easement 

lu  the  case  of  Hardin  v.  Jordan  (140  U.  S.,  384),  the  Supreme  Ourt  states: 
**  The  United  States  have  not  repealed  the  common  law  as  to  the  Interpreta- 
tion of  their  own  grants,  nor  explained  what  interpretation  o»  limitation  should 
be  given  to  or  imix)sed  upon  the  terms  of  the  ordinary  conveyances  which  they 
use  except  in  a  few  special  Instances;  but  these  are  left  to  the  principles  of 
law  and  rules  adopted  by  each  local  government  where  the  land  may  He.    We 
have  adopted  the  common  law,  and  must  therefore  apply  its  principles  to  the 
interpretation  of  their  grant." 
Further  on  the  court  states  the  same  principle  In  this  form : 
"In  our  judgment  the  grants  of   the   Government   for   lands   bounded   on 
streams  and  other  waters  without  any  reservation  or  limitation  of  terms  are 
to  be  construed  as  to  their  effect  according  to  the  laws  of  the  State  in  which 
the  lands  lie." 
The  rule  of  riparian  ownership  as  to  grants  of  land  bordering  on  a  navigable 

stream  is  diverse  in  the  various  States.      Some  States  hold  that  the  grant 
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extends  only  to  high-water  mark ;  other  States  hold  that  it  extends  to  low- water 
mark,  while  another  class  of  States — ^and  i>erhaps  the  most  numerous — ^hold 
that  the  grant  extends  to  the  middle  of  the  stream,  subject  to  the  public  ease- 
moit  in  the  water  of  the  stream.  But  whatever  may  be  the  law  in  this  respect 
as  to  the  effect  of  the  grant,  it  only  relates  to  the  proprietorship  in  the  banks 
and  bed  of  the  stream  and  not  to  the  ownership  of  the  water  in  the  stream. 

In  those  States  which  hold  that  the  title  of  the  4sipariau  owner  only  ex- 
tends to  the  high  or  low  water  mark  the  title  to  the  bed  of  the  stream  is  deemed 
to  be  in  the  State,  and  whether  the  title  to  the  bed  of  the  stream  is  in  the 
riparian  owner  or  in  the  State,  in  either  case  the  general  title  to  the  water  of 
the  stream  is  deemed  to  be  in  the  State,  but  it  holds  it  not  absolutely  but  in 
trust  for  all  lawful  public  uses.  The  State's  interest  in  such  a  stream  is 
akin  to  that  of  a  rlimrlan  owner,  though  more  comprehensive  and  general  in 
it8  nature,  and  does  not  exist  in  hostility  to  or  in  diminution  of  the  rights  of  the 
riparian  owner. 

(Kossnilller  r.  State,  114  Wis.,  1G9.) 

(Peoples  Ice  Co.  v.  Daveniiort,  149  Mass.,  322.) 

(Brown  r.  Cunningham,  82  Iowa,  512.) 

(Braston  v,  Kockport  Ice  O).,  77  Maine,  100.) 
•  (Martin  et  al.  r.  Waddell,  16  Peters,  367.) 

From  the  foregoing  it  will  appear  that  there  are  three  dlflferent  parties  who 
are  interested  in  the  waters  of  a  navigable  stream — (1)  the  United  States; 
(2)  the  State  in  which  the  stream  is  located;  (3)  the  riparian  owner.  The 
interest  of  the  United  States  is  derived  from  and  rests  upon  that  paragraph  of 
the  Constitution  which  gives  Congress  the  power  to  regulate  interstate  com- 
merce, and  this  power  only  extends  to  the  extent  of  conserving  the  navigability 
of  the  stream.  Beyond  that  the  Federal  Government  has  no  interest  or  prop- 
erty in  the  stream. 

The  Interest  of  the  State  In  the  stream  is  derived  from  its  sovereignty  and  it 
holds  its  property  in  the  stream  in  trust  for  all  public  uses  but  in  subrogation 
to  the  rights  of  the  Federal  Government  as  to  navigation  and  of  the  riparian 
owner.  '  The  right  to  the  use  of  the  waters  of  a  stream  for  any  lawful  purpose, 
outside  of  the  right  of  navigation,  belongs  wholly  to  the  State  and  the  riparian 
owner. 

(Martin  et  al.  r.  Waddell,  16  Peters,  367.) 

Chief  Justice  Shaw,  in  the  case  of  Elliott  v,  Fitchburg  Railroad  Ck>mpany 
(10  Cushing,  191),  describes  the  rights  of  the  riparian  owner  in  the  use  of 
water  in  a  stream  in  the  following  language,  which  states  the  enlarged  and 
modifled  common-law  doctrine: 

**The  right  to  flowing  water  is  now  well  settled  to  be  a  right  incident  to 
proi>erty  in  the  land ;  it  Is  a  right  public!  juris,  of  such  a  character  that,  while 
it  is  common  and* equal  to  all  through  whose  land  it  runs  and  no  one  can  ol>- 
struct  or  divert  it,  yet,  as  one  of  the  beneflclal  gifts  of  Providence,  each  pro- 
prietor has  a  right  to  a  just  and  reasonable  use  of  It  as  it  imsses  through  his 
land;  and,  so  long  as  it  is  not  wholly  obstructed  or  diverted  or  no  larger 
appropriation  of  the  water  running  through  it  Is  made  than  a  just  and  reason- 
able use,  it  can  not  be  said  to  be  wrongful  or  Injurious  to  a  proprietor  lower 
down.  What  Is  such  a  just  and  reasonable  use  may  often  be  a  difficult  question, 
depending  upon  various  circumstances.  To  take  a  quantity  of  water  from  a 
large  running  stream  for  agricultural  or  manufacturing  purposes  would  cause 
no  sensible  or  practicable  diminution  of  the  benefit,  to  the  prejudice  of  a  lower 
proprietor;  whereas,  taking  the  same  quantity  from  a  small  running  brook 
passing  through  many  farms  would  be  of  great  and  manifest  Injury  to  those 
below,  who  need  It  for  domestic  supply  or  watering  cattle;  and  therefore  it 
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would  be  an  unreasonable  use  of  the  water,  and  an  action  would  lie  in  the 
latter  case  and  not  in  the  former.  It  is  therefore  to  a  considerable  extent  a 
question  of  degree;  still  the  rule  is  the  same,  that  each  proprietor  has  a  right 
to  a  reasonable  use  of  it,  for  his  own  benefit,  for  domestic  use,  and  for  manu- 
facturing and  agricultural  purposes.    ♦    ♦    ♦ 

"  That  a  portion  of  the  water  of  a  stream  may  be  used  for  the  purpose  of 
irrigating  land  we  thinlc  is  well  established  as  one  of  the  rights  of  the  pro- 
prietors of  tlie  soil  along  or  through  which  It  passes.  Yet  a  proprietor  can 
Qot,  under  color  of  that  right  or  for  the  actual  purpose  of  irrigating  his  own 
land,  wholly  abstract  or  divert  the  watercourse  or  take  such  an  unreasonable 
quantity  of  water  or  make  such  unreasonable  use  of  it  as  to  deprive  other 
proprietors  of  the  substantial  benefits  which  they  might  derive  from  it  if  not 
diverted  or  used  unreasonably.     ♦     ♦     ♦ 

"  Thi^  rule,  that  no  riparian  proprietor  can  wholly  abstract  or  divert  a  water- 
course, by  which  it  would  cease  to  be  a  running  stream,  or  use  it  unreasonably 
In  its  passage  and  thereby  deprive  a  lower  proprietor  of  a  quality  of  his  prop- 
erty, deemed  in  law  incidental  and  beneficial,  necessarily  flows  from  the  princi- 
ple that  the  right  to  the  reasonable  and  beneficial  use  of  a  running  stream  is 
common  to  all  the  riparian  proprietors,  and  so  each  is  bound  to  use  his  common 
right  as  not  essentially  to  prevent  or  interfere  with  an  equally  beneficial  en- 
joyment of  the  common  right  by  all  the  proprietors.     ♦     ♦     ♦ 

'*  The  right  to  the  use  of  flowing  water  is  publici  juris,  and  common  to  all 
the  riparian  proprietors;  it  is  not  an  absolute  and  exclusive  right  to  all  the 
water  flowing  past  their  land,  so  that  any  obstruction  would  give  a  cause  of 
action ;  but  it  is  a  right  to  the  flow  and  enjoyment  of  the  water,  subject  to  a 
similar  right  in  all  the  proprietors  to  the  reasonable  enjoyment  of  the  same 
gift  of  Providence.  It  is  therefore  only  for  an  abstraction  and  deprivation 
of  this  common  benefit  or  for  an  unreasonable  and  unauthorized  use  of  it  that 
an  action  will  lie." 

The  doctrine  of  prior  appropriation,  already  referred  to,  is  thus  described 
by  Justice  Field  in  the  case  of  Jennison  v.  Kirk  (98  U.  S.,  453).  After  de- 
scribing the  system  of  discovery  and  appropriation  and  development  of  mining 
claims,  he  adds  the  following: 

"  But  the  mines  could  not  be  worked  without  water.  Without  water  the 
gold  would  remain  forever  buried  in  the  earth  or  rock.  To  carry  water  to 
mining  localities  when  they  were  not  on  the  bank  of  a  stream  or  lake  became 
therefore  an  irai)ortant  and  necessary  business  in  carrying  on  mining.  Here, 
also,  the  first  approprlator  of  water  to  be  conveyed  to  such  locality  for  mining 
or  other  beneficial  purposes  was  recognized  as  having,  to  the  extent  of  actual 
use,  the  better  right.  The  doctrine  of  the  common  law  respecting  the  right 
of  riparian  owners  was  not  considered  as  applicable,  or  only  in  a  very  limited 
degree,  to  the  conditions  of  miners  in  the  mountains.  The^  waters  of  rivers 
and  lakes  were,  consequently,  carried  great  distances  in  ditches  and  fiumes, 
constructed  with  vast  labor  and  enormous  expenditures  of  money,  along  the 
sides  of  mountains  and  through  canyons  and  ravines,  to  supply  communities 
engaged  in  mining  as  well  as  for  agriculturists  and  ordinary  consumption. 
Numerous  regulations  were  adopted,  or  assumed  to  exist  from  their  obvious 
Justness,  for  the  security  of  these  ditches  and  fiumes,  and  for  the  proteefioti 
of  rights  to  water,  not  only  between  different  approprlators,  but  between  th^n 
and  the  holders  of  mining  claims.  These  regulations  and  customs  were  appealed 
to  In  controversies  in  the  state  courts,  and  received  their  sanction ;  and  prop- 
erties to  the  value  of  many  millions  rested  upon  them.  For  eighteen  years, 
from  1848  to  1866,  the  regulations  and  customs  of  miners,  as  enforced  and 
molded  by  the  courts  and  sanctioned  by  the  legislation  of  the  State,  constl- 
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tuted  the  law  governing  property  in  mines  and  in  water  on  the  public  mineral 
lands." 

These  water  rights,  by  prior  appropriation,  as  described  by  Justice  Field,  were 
recognized  and  confirmed  by  congressional  legislation  in  1866  and  in  1870. 
Those  acts  are  now  sections  2339  and  2340  of  the  Revised  Statutes.  Justice 
Field  further  adds: 

*•  It  will  thus  be  seen  that  the  federal  statutes  merely  gave  a  formal  sanction 
to  the  rules  already  established.  Those  rules  had  been  built  up  in  reliance  on 
the  tacit  acquiescence  of  the  United  States,  the  true  owner  of  the  lands  and 
waters  on  which  appropriations  were  made,  and  these  statutes  acquiesced 
therein  expressly,  *  a  voluntary  recognition  of  the  preexisting  right  rather  than 
the  establishment  of  a  new  one.' " 

In   the  case  of  Broder  r.   Natoma  Water  Company    (101   U.   S.,  274)    the* 
Supreme  (^ourt,  in  referring  to  the  contention  that  these  statutes  established  a 
new  right,  uses  the  following  language: 

**We  are  of  the  opinion  that  It  Is  the  established  doctrine  of  this  court  that 
rights  of  miners  who  had  taken  possession  of  mines  and  worked  and  developed 
them,  and  the  rights  of  persons  who  had  constructed  canals  and  ditches  to  be 
used  In  mining  oi)erations  and  for  purposes  of  agricultural  Irrigation,  In  the 
region  where  such  artificial  use  of*  the  water  was  an  absolute  necessity,  are 
rights  which  the  Government  had,  by  Its  conduct,  recognized  and  encouraged 
and  was  boiind  to  protect  before  the  passage  of  the  act  of  1866,  and  that  the 
section  of  the  act  which  we  have  quoted  was  rather  a  voluntary  recognition 
of  a  preexisting  right  of  possession,  constituting  a  valid  claim  to  Its  continued 
use,  than  the  establishment  of  a  new  one." 

These  decisions  of  Judge  Shaw,  of  Massachusetts,  and  of  Justice  Field,  of  the 
Supreme  Court,  describe  fully  the  rights  of  the  riparian  owners  to  the  use  of 
the  water  both  under  the  doctrine  of  the  common  law  and  under  the  so-called  doc- 
trine of  prior  appropriation,  and  the  case  of  Rossmlller  v.  The  State  (114  Wis., 
16J)).  and  the  cases  therein  referred  to,  as  well  as  the  case  of  Martin  et  al.  t?. 
Waddell  (10  Peters,  367),  show  the  Interest  and  property  of  a  State  in  the 
waters  of  a  stream. 

From  the  foregoing  statement  and  citation  of  authorities  It  Is  evident  that  the 
only  use  of  the  waters  of  a  stream  In  which  the  Ignited  States  has  any  property 
Is  Its  use  for  purposes  of  navigation.  In  the  use  of  the  stream  for  any  other 
purpose  the  Federal  Government  has  no  property,  and  hence  'has  nothing  to  sell 
or  to  exact  compensation  for. 

The  plan  proposed  by  the  President  would  deprive  the  States  and  the  riparian 
owners  of  their  rights  In  the  use  of  the  water  of  a  navigable  stream  now  vested 
in  them  by  law,  and  would  concentrate  the  entire  disposal  and  control  In  the 
Federal  Government,  a  power  which  neither  the  States  nor  the  riparian  owners 
can,  with  Justice  or  safety,  for  a  moment  concede.  But,  assuming  for  the  sake 
of  the  argimient  that  the  Federal  Government  can  lay  a  tribute  In  such  cases 
as  Is  propose*!  by  the  President,  It  can  not  be  under  the  Interstate-commerce 
clause  of  the  C^mstitutlon,  but  must  be  under  section  8  of  article  1,  which  reads 
as  follows: 

"  Sec.  S.  The  Congress  shall  have  power  to  lay  and  collect  taxes,  duties.  Im- 
posts, and  excises,  to  pay  the  debts  and  provide  for  the  common  defense  and 
general  welfare  of  the  Ignited  States;  but  all  duties.  Imposts,  and  excises  shall 
be  uniform  throughout  the  Unlte<l  States." 

Such  a  tribute  must  be  either  a  direct  tax  or  in  the  nature  of  an  Impost  or 
excise  tax.  If  a  dfrect  tax.  It  can  not  be  levied  directly  by  the  Federal  Govern- 
ment, but  must  be  apjiortloned  among  the.  States,  leaving  each  State  to  make  the 
collection;  and  If  an  lmi)08t  or  excise  tax,  then  It  must  be  levied  by  the  rule 
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of  uniformity  upon  every  dam  and  water  power  in  the  United  States  not  con- 
structed directly  or  indirectly  by  the  Federal  Government.  In  other  words, 
there  must  be  a  general  excise  law  on  the  subject.  The  power  of  the  Federal 
Government  over  the  navigable  streams  of  the  country  is  no  greater  in  the  so- 
called  Western  or  public-land  States  than  in  the  New  England  States.  If  a 
tribute  can  be  levied  on  a  dam  and  water  power  in  Minnesota  or  Colorado,  it 
can  be  levied  on  a  dam  and  water  power  In  Maine  or  Massachusetts,  for  the 
power  of  the  Federal  Government  over  navigable  streams  Is  the  same  in  the  one 
case  as  in  the  other.  In  the  case  of  Pollock  t\  Farmers  Loan  and  Trust 
Company  (157  U.  S.,  557)  the  court  states: 

*'Thu8  in  the  matter  of  taxation  the  Constitution  recognizes  the  two  great 
classes  of  direct  and  indirect  taxes,  and  lays  dqym  two  rules  by  which  their 
imposition  must  be  governed,  namely,  the  rule  of  apportionment  as  to  direct 
taxes  and  the  rule  of  uniformity  as  to  duties,  imposts,  and  excises.*' 

In  the  case  of  Thomas  v.  United  States  (192  U.  S.,  363),  Chief  Justice 
Fuller  says: 

"And  these  two  classes,  taxes  so  called,  and  *  duties,  imposts,  and  excises,' 
apparently  embrace  all  forms  of.  taxation  contemplated  by  the  Constitution. 
As  was  observed  in  Pollock  v.  Farmers  Loan  and  Trust  Company  (157  U.  S., 
429.  557),  ^Although  there  have  been  from  time  to  time  intimations  that  there 
might  be  some  tax  which  was  not  a  direct  tax  nor  included  imder  the  words 
**  duties,  imposts,  and  excises,"  such  a  tax  for  more  than  one  hundred  years  of 
national  existence  has  as  yet  remained  undiscovered,  notwithstanding  the 
stress  of  particular  circumstances  has  invited  thorough  investigation  Into 
sources  of  revenue.'    ♦    ♦    ♦ 

"There  is  no  occasion  to  attempt  to  confine  the  words  duties,  imposts,  and 
excises  to  the  limits  of  precise  definition.  We  think  that  they  were  used  com- 
prehensively to  cover  customs  and  excise  duties  Imposed  on  Importation,  con- 
sumption, manufacture,  and  sale  of  certain  commodities,  privileges,  particular 
business  transactions,  vocations,  occupations,  and  the  like." 

An  act  authorizing  the  construction  of  a  dam  is,  so  far  as  the  United  States 
is  concerned,  a  mere  revocable  license  or  privilege,  and  If  a  tax  can  be  Imposed 
on  such  a  privilege  It  must  be  general  and  uniform  throughout  the  United 
States.  It  must  apply  to  all  dams  and  water  powers  on  navigable  streams 
throughout  the  entire  country. 

Nearly  all  navigable  streams  In  their  upper  and  more  remote  courses  are 
not.  as  a  matter  of  fact,  navigable,  and  In  such  reaches  of  the  river  dams  can 
be  erected  and  water  powers  created  under  state  authority  and  state  license, 
and  so  long  as  such  dams  and  water  powers  do  not  materially  injure  or  diminish 
the  navigability  of  the  stream  In  Its  navigable  portions  the  Federal  Govem- 
m«it  has  no  ground  for  interference.  It  has  been  customary,  however,  in 
many  of  such  cases  to  apply  to  Congress  for  a  federal  license,  and  the  granting 
of  it,  while  not  necessary,  serves  a  twofold  purpose,  first,  that  It  authorizes 
the  Federal  Government,  through  the  War  Department,  to  control  and  direct 
the  construction  of  the  dam,  and,  second,  that  it  recognizes  the  fact,  which 
migbt  otherwise  require  proof,  that  the  dam  will  not  affect  the  navigability 
of  the  stream  in  its  navigable  portions. 

(Kansas  v.  Colorado,  206  U.  S..  46.) 

(United  States  v,  Rio  Grande  Company,  174  U.  S..  690.) 

And  in  such  cases  it  Is  of  as  much  advantage  to  the  United  States  as  to  the 
grantee  of  the  license  to  have  congressional  action  and  recognition,  but  in  such 
cases  the  Federal  Government  has  nothing  to  sell,  and,  therefore,  has  no  moral 
or  legal  ground  to  demand  compensation  In  any  form. 


Digitized  by  VjOOQIC 


132  PUBLIC   UTILITY   OF   WATER  POWERS. 

An  adverse  comment  on  the  above  report,  made  as  a  private  memo- 
randum on  May  11,  1908,  by  Morris  Bien,  supervising  engineer  in 
charge  of  land  and  legal  matters,  United  States  Reclamation  Service, 
is  presented  below: 

May  11,  1908. 

Memorandum  upon  report  of  Committee  on  Commerce  of  Senate  to  accompany 
H,  R,  14707,  Sixtieth  Congress,  first  session,  Senate  Report  oSo, 

The  report  discusses  the  power  of  Conirress  to  authorize  charges  for  the  use 
of  waters  of  navigable  streams  for  iiower  and  other  purposes  in  connection 
with  dams  authorized  to  be  copstructed  across  such  streams.  A  number  of  de- 
cisions are  cited  tending  to  show  that  the  ownership  of  the  waters  of  navigable 
streams  is  in  the  States.  In  many  of  the  decisions  cited  the  particular  iioint  of 
ownership  is  not  necessary  to  the  decision  of  the  case  and  the  expressions  quoted 
are  from  the  general  discussion  of  the  subject 

A  careful  study  of  the  cases  will  lead  to  the  conclusion  that  the  general  prin- 
ciple of  ownership  by  the  States  of  the  waters  of  navigable  streams  has  not  l)een 
decided,  nor  can  it  be  exiiected  that  such  a  principle  will  be  adopted  by  the 
courts  because  it  is  manifestly  contrary  to  the  fundamental  idea  of  the  Con- 
stitution that  (>ongress  shall  have  the  power  '*  to  regulate  commerce  with 
foreign  nations,  and  among  the  several  States,  and  with  the  Indian  tribes.*' 

In  the  case  of  Oilman  v.  Philadelphia  (3  Wall.,  713-724)  the  United  States 
Supreme  Court  held  as  follows: 

"  Commerce  includes  navigation.  The  power  to  regulate  commerce  compre- 
hends the  control  for  that  purpose,  and  to  the  extent  necessary,  of  all  the  navi- 
gable waters  of  the  United  States  which  are  accessible  from  a  State  other  than 
those  in  which  they  lie.  For  this  purpose  they  are  the  public  property  of  the 
nation,  and  subject  to  all  the  requisite  legislation  by  Congress." 

In  the  case  of  the  United  States  v.  The  Rio  (irande  Dam  and  Irrigation  Com- 
pany (174  U.  S.,  690),  there  was  involved  the  right  of  the  company  to  oi)erate 
under  a  grant  of  right  of  way  approved  by  the  Secretary  of  the  Interior  under 
the  general  right-of-way  act  of  March  3,  1891.  It  was  claimed  that  as  the  pro- 
iwsed  reservoir  would  imiMjund  practically  all  the  waters  of  the  Rio  (vrande  the 
effect  upon  navigation  was  injurious  and  the  company  should  be  prohibited  from 
utilizing  the  grant  claimed  under  the-  act  of  Congress. 

The  Supreme  (-ourt,  after  discussing  several  acts  of  Congress  relating  to  the 
use  of  waters  upon  lands  in  the  West,  continues  as  follows: 

"To  hold  that  Congress  by  these  acts  meant  to  confer  upon  any  State  the 
right  to  appropriate  all  the  waters  of  the  tributary  streams  which  unite  into  a 
navigable  watercourse,  and  so  destroy  the  navigability  of  that  watercourse  in 
derogation  of  the  Interests  of  all  the  people  of  the  ITnited  States,  is  a  construc- 
tion which  can  not  be  tolerated.  It  ignores  the  spirit  of  the  legislation  and  car- 
ries the  statute  to  the  verge  of  the  letter  and  far  beyond  what  under  the  cir- 
cumstances of  the  case  must  be  held  to  have  been  the  intent  of  Congress." 
(P.  706.) 

Proceeding  then  to  discuss  the  act  of  September  19,  1890,  prohibiting  the  ob- 
struction of  the  navigable  capacity  of  any  waters  over  which  the  United  States 
has  jurisdiction,  the  court  holds  that — 

**Any  obstruction  to  the  navigable  capacity,  and  anything,  wherever  done  or 
however  done,  within  the  limits  of  the  jurisdiction  of  the  United  States  which 
tends  to  destroy  the  navigable  capacity  of  one  of  the  navlgjible  waters  of  the 
United  States,  Is  within  the  terms  of  the  prohibition.     Evidently  Congress,  per- 
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eelrlng  that  the  time  had  come  when  the  growing  interests  of  commerce  required 
that  the  navigable  waters  of  the  United  States  should  be  subjected  to  the  direct 
control  of  the  National  Government,  and  that  nothing  should  be  done  by  the 
State  tending  to  destroy  that  navigability  without  the  explicit  assent  of  the 
National  Government,  enacted  the  statute  In  question.  And  it  would  be  to  im- 
properly ignore  the  scope  of  this  language  to  limit  It  to  acts  done  within  the 
very  limits  of  navigation  of  a  navigable  stream."     (P.  708.) 

This  case  involved  the  waters  of  the  liio  Grande  within  the  limits  of  the 
Territory  of  New  Mexico  and  it  might  therefore  be  doubted  that  it  was  intended 
to  have  a  general  effect  and  applicable  to  waters  of  navigable  streams  within 
the  limits  of  States. 

This  is,  however,  not  the  case,  because  the  decision  rests  upon  the  power  of 
Conirress  over  interstate  commerce  and  is  not  based  upon  any  principle  which 
is  applicable  solely  to  the  Territories. 

This  is  made  more  evident  by  the  illustration  which  the  court  gives  In  regard 
to  the  waters  of  the  Hudson  River,  calling  attention  to  the  fact  that  it  is  a 
navigable  stream,  at  least  from  Albany  southward,  and  discussing  the  rights 
of  the  State  of  New  York  to  appropriate  the  waters  of  its  tributaries,  stating 
that  while  the  State  might  authorize  the  diversion  of  the  waters  of  the  tribu- 
taries of  the  Hudson  and  the  United  States  may  not  question  such  appropriation 
nnless  the  navigability  of  the  Hudson  be  disturbed,  yet  if  the  State  of  New 
York  should,  even  at  a  place  above  the  limits  of  navigability,  so  diminish  the 
volume  of  the  waters  as  to  destroy  its  navigability  the  Jurisdiction  of  the 
National  Government  undoubtedly  would  arise  and  it  would  become  the  right 
of  the  Attorney-General  to  institute  proceedings  to  restrain  such  appropriation. 
(P.  709.) 

While  the  word  "navigation"  is  not  in  the  Constitution  the  word  "com- 
merce" comprehends  it.  (Gibbons  v,  Ogden,  9  Wh.,  1-222.)  Accordingly  the 
States  can  have  no  power  to  exercise  ownership  or  control  over  the  waters  of 
navigable  streams  that  will  in  any  manner  interfere  with  the  regulation  of 
commerce  by  Congress.  In  the  case  of  Gloucester  Ferry  Company  v,  Pennsyl- 
vania (114  U.  S.,  196-203)  the  United  States  Supreme  Court  held  that  the 
power  to  regulate  commerce  "  Is  the  power  to  prescribe  the  rules  by  which  it 
shall  be  governed;  that  is,  the  conditions  upon  which  it  shall  be  conducted;  to 
determine  when  it  shall  be  free  and  when  subject  to  duties  or  other  exactions." 
Congress  has  in  many  cases  required  payment  for  the  use  of  the  instrumen- 
talities of  commerce  and  navigation.  Many  instances  may  be  cited,  such  as 
the  charge  of  toll  for  vessels  using  canals,  charges  placed  on  immigrants,  and 
the  like.    These  are  not  taxes,  but  are  in  the  nature  qf  license  charges. 

The  requirements  of  fees  or  charges  of  various  kinds  is  Inseparably  con- 
nected with  the  power  to  regulate  and  has  been  so  held  In  numerous  Instances. 
This  question  was  fully  discussed  in  the  Head  Money  Cases  (112  U.  S.,  580). 
This  case  involved  the  constitutionality  of  the  Immigration  act,  requiring  pay- 
ment of  a  duty  of  50  cents  for  every  passenger  brought  into  the  country  who 
was  not  a  citizen  of  this  country.  The  constitutionality  of  the  act  was  upheld  • 
upon  the  ground  that  It  was  a  proper  form  of  regulation  of  commerce. 

Objection  was  made  to  the  act,  among  other  things,  that  this  duty  of  50  cents 
per  head  was  not  a  proi)er  exercise  of  the  taxing  power  conferred  upon  (Congress 
by  the  Constitution.  The  court,  however,  held  that  this  was  not  a  tax,  and  said : 
"  We  are  clearly  of  the  opinion  that,  In  the  exercise  of  its  power  to  regulate 
immigration  and  in  the  very  act  of  exercising  that  power,  it  was  competent  for 
Congress  to  impose  this  contribution  on  the  shipowner  engaged  In  that  business." 
The  matter  reduces  Itself  to  the  following  proiwsltlons,  which  seem  self- 
evident.    Congress  has  the  power  to  regulate  commerce  between  the  States, 
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which  inclades  navigation  upon  navigable  waters;  and  the  power  to  regulate 
the  use  of  navigable  waters  includes  the  power  to  make  appropriate  charges  for 
the 'use  of  all  Instrumentalities  connected  therewith. 

A  further  comment  on  the  same  doctrine,  by  Charles  Edward 
Wright,  is  as  follows : " 

In  certain  quarters  it  is  denied  tliat  the  United  States  has  power  to  impose  a 
charge  in  such  a  case.  It  is  argued  tliat  the  cliarge  would  be  either  a  direct 
tax  or  in  the  nature  of  an  impost  or  excise  tax.  If  the  former,  it  must  he 
apportioned  among  the  States  rather  tlian  levied  directly  by  the  Federal  Gov- 
ernment itself ;  if  the  latter,  it  must  be  uniformly  levied  on  ever^  dam  and  water 
ix)wer  in  the  entire  country. 

The  latter  objection,  however,  is  not  altogether  sound.  Uniformity,  in  the 
sense  of  the  constitutional  provision  respecting  taxation,  means  a  geographical 
uniformity,  the  tax  operating  on  all  similar  properties.  Tliat  is^  in  every 
instance  where  the  Federal  Government  approves  the  location  and  plans  of  a 
dam,  thereby  authorizing  its  construction,  whether  in  a  navigable  waterway 
east,  west,  north,  or  south,  the  tax  must  be  uniformly  laid.  But  a  water  power 
developed  on  a  nonnavigable  stream,  without  let  or  license  from  the  National 
Ciovemment,  would  stand  in  another  category.  Any  rule  of  conformity  would 
not  necessarily  involve  the  inclusion  of  such  dams  or  water-power  privileges; 
It  would  merely  require  the  levy  of  such  a  tax  upon  every  power  privilege 
similarly  authorized  or  confirmed  by  the  Federal  Government. 

Recurring  to  the  act  of  Congress  establishing  the  California  Debris  Commis- 
sion, already  noticed  in  part,  we  find  provisions  for  a  "tax"  which  applies 
with  no  "geographical  uniformity"  throughout  the  country,  but  is  restricted 
in  operation  to  only  a  part  of  the  State  of  Califomfa. 

Briefiy,  the  hydraulic  process  in  mining  may  not  be  employed  about  the 
tributaries  of  certain  navigable  streams  In  that  State  without  permit  from 
the  commission,  the  permit  to  be  granted  ui)on  petition  and  hearing.  The  llceise. 
If  granted  by  a  majority  of  the  board,  embodies  directions  and  specifications 
in  detail  as  to  the  manner  In  which  operations  may  proceed ;  what  restralnfaig 
or  Impounding  works  shall  be  built  and  maintained,  and  where  they  shall  be 
located;  "and  In  general  set  forth  such  further  requirements  and  safeguards 
as  will  protect  the  public  interests  and  prevent  Injury  to  the  said  navigable 
rivers,  and  the  lands  adjacent  thereto,  with  such  further  conditions  and  limita- 
tions as  will  observe  all  the  provisions  of  this  act  In  relation  to  the  working 
thereof  and  the  payment  of  taxes  on  the  gross  proceeds  of  the  same.  Provided, 
That  all  expense  Incurred  In  complying  with  said  order  shall  be  borne  by  the 
owner  or  owners  of  such  mine  or  mines."  (Act  of  March  1,  1893,  sec.  13.) 
The  "taxes  on  the  gross  proceeds"  are  Imposed  by  the  twenty-third  section  of 
the  act,  which  provides  that  the  operators  of  the  mines  affected  by  the  act  "  shall 
pay  a  tax  of  three  per  centum  on  the  gross  proceeds  "  of  the  mine  so  worked,  said 
"  tax  "  to  be  ascertained  and  paid  In  accordance  with  regulations  to  be  adopted 
by  the  Secretary  of  the  Treasury  and  to  be  paid  Into  the  Federal  Treasury  to  the 
credit  of  the  "  d(^brls  fund,"  which  shall  be  exi)ended  by  said  commission  under 
the  supervision  of  the  Chief  of  Engineers  and  direction  of  the  Secretary  of 
War  In  the  construction  and  maintenance  of  restraining  works  and  settling 
reservoirs  in  aid  of  the  purpose  Congress  had  In  mind  In  passing  the  act 

This  act  had  been  held  to  be  constitutional,  as  already  noted.  Yet  in  terms 
It  provides  for  the  collection  of  a  "  tax  "  which  Is  neither  "  apportioned"  among 


«  The  scope  of  state  and  federal  legislation  concerning  the  use  of  waters,  by  Charles 
ard  Wright,  Assistant  Attorney  to  the  Secretary  of  the  Interior :  Annals  Am.  Acad, 
and  Social  Sol.,  1909,  pp.  577-581. 
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the  States  nor  is  levied  by  any  rule  of  uniformity'.  Ilather  than  a  general 
excise  law,  it  is  one  of  special  and  circumscribed  application.  Still,  the  charge 
imposed  is  christened  a  "  tax."  If  it  were  a  tax,  there  can  be  little  doubt  of 
the  unconstitutionality  of  the  act.  Wherein  does  such  a  "  tax  "  differ  from 
that  to  be  charged  upon  the  grant  of  special  privileges  for  power  purposes  in 
a  navigable  stream?  Both  find  their  reason  for  existence  in  the  conservation 
of  navigation,  although  the  miners  may  be  required  to  pay  for  privileges  con- 
nected directly  with  nonnavigable  intrastate  tributaries,  while  the  power  pro- 
ducers operate  directly  in  the  navigable  stream  itself. 

*  But  the  charge  is  not  a  *'  tax  "  in  the  constitutional  sense;  it  is  of  the  nature 
of  a  license — the  according  of  a  si)ecial  right  or  privilege  to  do  a  thing,  which, 
without  permission,  would  be  unlawful.  It  is  leave  and  liberty  enjoyed  as  a 
matter  of  indulgence  at  the  will  of  the  Federal  Government     ♦    ♦     ♦ 

The  power  to  charge  for  a  special  privilege  is  not  necessarily  an  exercise 
of  the  power  to  tax.  It  is  rather  the  right  to  exact  a  quid  pro  quo.  Public 
Interests  are  bound  to  be  jeopardized,  even  though  certain  advantages  to  a 
locality  accrue  from  the  establishment  of  the  power  plant.  One  has  already 
been  suggested — the . operation  of  a  lock;  for  the  very  fact  that  gives  the 
Federal  Government  any  measure  of  control — viz,  the  navigability  of  the 
stream — involves  the  conservation  of  navigation  through  artificial  means.  The 
charge  imposed  liquidates  this  that  otherwise  would  be  a  burden  In  the  nature 
of  a  tax  upon  the  public.  Aside  from  this,  another  potential  element  of  cost 
to  the  public  is  involved — the  possibility  that  the  Government  may  be  obliged 
to  remove  the  obstruction  caused  by  the  building  of  the  dam  at  Its  own  cost. 
Ordinarily  this  has  been  guarded  against  by  the  exaction  of  a  bond  In  a 
large  penal  sum,  the  burden  of  carrying  which  Is  an  annual  charge  upon  the 
owners  of  the  franchise.  What  vital  objection  can  there' be  to  the  adoption  of 
a  plan  whereby  the  licensee,  in  lieu  of  annual  tribute  to  a  bonding  company, 
pays  such  premiums  into  the  Federal  Treasury — a  measure  of  insurance  against 
the  loss  that  might  be  occasioned  were  the  franchise  holder  bankrupt  and  the 
needs  of  navigation  were  to  require  the  removal  of  the  dam?  The  fund 
created  by  the  payment  of  these  charges  may  be  either  devoted  directly  to  the 
betterment  of  navigation,  particularly  In  the  removal  of  obstructions,  or  turned 
Into  the  Treasury  as  a  part  of  the  general  fund,  indirectly  serving  the  same 
purpose  by  relieving  the  taxpayer.  If  the  Federal  Government  has  the  power 
to  wltlihold  approval,  it  has  power  to  bestow  approval  upon  such  terms  as  it 
may  deem  necessary  to  impose  In  order  to  protect  the  present  or  future  Interests 
of  the  United  States.  If  It  has  the  ix)wer  to  exact  a  bond  to  protect  the  public 
against  loss  when,  In  the  Interest  of  navigation,  it  becomes  necessary  to  remove 
the  obstruction.  It  has  the  power  to  create  a  fund  for  the  same  purpose.  If 
the  public  in  general  contribute  to  that  fund,  their  contributions  are  In  the 
nature  of  a  tax.  If,  however,  the  special  beneficiaries  of  the  granted  permis- 
sion contribute  to  establish  such  a  fund,  It  is  not  a  tax,  but  a  license  charge, 
the  sole  similarity  being  that  both  are  a  rendering  to  Csesar  of  the  things  that 
are  Ceesar's. 

Moreover,  it  Is  entirely  competent  for  Congress  to  insist  that  no  privileges « 
affecting  navigable  streams  shall  be  granted  to  any  corporation  unless  said  cor- 
poration operates  under  a  federal  charter.  The  United  States  has  authority 
to  create  a  corporation  as  a  means  of  carrying  Into  effect  any  of  its  sovereign 
powers.  (McCulloch  t\  Maryland,  4  Wheat.,  316,  411.)  Such  a  corporation 
may  be  authorized  to  construct  a  dbm  and  lock  In  aid  of  navigation,  and  the 
incidentally  developed  i)ower  may  be  disiK)sed  of  by  the  creature  as  well  as  by 


•That  is,  privileges  other  than  the  use  of  the  str«*am  for  natural  navigable  purpofleH. — 
C.  E.  W. 
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An^Hh^^  j>ha^  of  the  water-power  sitnation  on  naTi«r*ible  streams 
9pjf*^rH  at  thff^  pfjinVi  where,  bj  reason  of  abnipt  or  excessive  fall 
in  t\t^  (iiATtnel.  it  Ls  neces:=ary  to  canalize  the  river  in  order  to  make 
it  j[tf/^l\Ae:  or  ?«afe  for  navifiration.  Canalizati*)n  involves  the  con- 
ntniHion  of  a  dam,  and  by  -u<h  <^»n-tnK*tion  the  United  States  is 
often  the  creatfH"  of  a  water-|>ow>r  >ite.  It  i-  pn^iably  true  that  the 
(/ovemment  can  not,  by  authority  of  the  Constitution,  construct 
water  powers  for  commercial  purposes,  sin^h  powers  as  it  is  forced  to 
f'/iri-truft  in  the  canalization  of  a  river  l)eing  merely  incidental  to  the 
purjXf^'H  of  navigation.  But  it  has  generally  been  conceded  that, 
a  If  hough  the  Federal  (lovemment  does  not  own  the  corpus  of  the 
water,  it  does  own  the  power  that  it  creates,  and  it  follows  logically 
tfiat  it  i^'an  and  really  does  dispose  of  such  power  by  lease.  The  prac- 
tice, however,  is  not  general,  and  the  Government  is  by  no  means  ob- 
tfii fling  prof>er  returns  for  the  power  that  it  has  incidentally  created, 
chiefly  l><*eau.M'  many  of  the  power  sites  are  not  yet  in  commercial  de- 
frmnd.  The  reasons  for  this  are  numerous.  At  many  of  the  dams 
^hoHjiire  of  water  cK'cnirs  during  the  summer  season,  and  at  such  times 
the  primary  power  is  therefore  reduced.  At  other  points  the  amount 
of  (lower  available  is  limited  by  the  low  head  afforded  by  the  dams, 
and  it  will  not  therefore  be  utilized  until  the  commercial  demand  is 
iricn-awd.  Another  reason  is  that  many  of  the  government  sites  are 
in  tin  favorable  Im'alities.  Again,  their  development  may  be  checked 
by  the  low  |)rice  of  fuel  power.  But  these  factors  will  not  always 
be  pn'dorninarit,  and  we  may  expect  a  far  greater  demand  for  the 
power  developed  at  government  dam  sites  than  there  has  been  in  the 
(Miv,t,  if  the  difficulty  existing  at  so  many  places,  namely,  the  lack  of 
wiit4T  (Inrirjg  dry  H^'asons,  is  overcome.  The  constructicm  by  the 
Kedenil  (lovernuient  of  reservoirs  in  the  uplands  and  the  preservation 
of  forests  would  accomi)lish  this  end.  Such  reservoirs  would  clearly 
iMiiedl  nnvigjition  and  they  w^ould  at  the  same  time  incidentally 
iMielil  the  water  power.    It  thus  appears  that  under  some  conditions 
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the  Federal  Government  may  have  control  over  certain  water  powers 
on  navigable  streams  by  right  of  proprietorship. 

According  to  a  statement  made  by  the  Chief  of  Engineers,  U.  S. 
Army,  to  the  National  Conservation  Commission  in  1908,  the  power 
generated  at  government  dams  is  sold  to  the  amount  of  3,243  horse- 
power, the  revenue  therefrom  being  $5,578.97.  The  power  so  used 
is  located  principally  on  Muskingum,  Green,  and  Kentucky  rivers  in 
the  Ohio  Valley. 

WATEB  POWERS  ON  THE  PUBLIC  LANDS. 

Federal  laws  providing  for  the  development  of  water  powers  on 
the  public  lands  have  so  far  consisted  merely  of  clauses  or  phrases  in 
certain  land  laws  regarding  rights  of  way.  They  provide  for  no 
regulation  of  water  power,  nor  do  they  effectively  prevent  the  di- 
verse abuses  that  have  grown  up  in  connection  with  water-power 
operation  and  manipulation,  except  in  the  national  forests,  later  to 
be  discussed.  The  two  principal  laws  relative  to  this  matter  are 
as  follows: 

[26  Stat.  1095.] 

Sec.  18.  That  the  right  of  way  through  the  public  lands  and  reservations  of 
tlie  United  States  is  hereby  granted  to  any  canal  or  ditch  company  formed  for 
the  purpose  of  irrigation,  and  duly  organized  under  the  laws  of  any  State  or 
Territory,  which  shall  have  filed  or  may  hereafter  file  with  the  Secretary  of 
the  Interloi*  a  copy  of  its  articles  of  incorporation  and  due  proofs  of  its  organ- 
ization under  the  same,  to  the  extent  of  the  ground  occupied  by  the  water 
of  the  reservoir  and  of  the  canal  and  its  laterals,  and  50  feet  on  each  side  of 
the  marginal  limits  thereof;  also  the  right  to  take  from  the  public  lands  ad- 
jacent to  the  line  of  the  canal  or  ditch  material,  earth,  and  stone  necessary 
for  the  construction  of  such  canal  or  ditch :  Provided,  That  no  such  right  of 
way  shall  be  so  located  as  to  Interfere  with  the  proper  occupation  by  the 
Government  of  any  such  reservation,  and  all  maps  of  location  shall  be  subject 
to  the  approval  of  the  department  of  the  Government  having  jurisdiction  of 
such  reservation,  and  the  privilege  herein  granted  shall  not  be  construed  to 
hiterfere  with  the  control  of  water  for  irrigation  and  other  purposes  under 
authority  of  the  respective  States  or  Territories. 

Sec.  19.  That  any  canal  or  ditch  company  desiring  to  secure  the  benefits  of 
this  act  shall,  withhi  twelve  months  after  the  location  of  10  miles  of  its  canal, 
if  the  same  be  upon  surveyed  lands,  and  if  upon  unsurveyed  lands  within  twelve 
months  after  the  survey  thereof  by  the  United  States,  file  with  the  register 
of  the  land  oflSce  for  the  district  where  such  land  is  located  a  map  of  its 
canal  or  ditch  and  reservoir;  and  upon  the  approval  thereof  by  the  Secretary 
of  the  Interior  the  same  shall  be  noted  upon  the  plats  in  said  office,  and  there- 
after all  such  lands  over  which  such  rights  of  way  shall  pass  shall  be  disposed 
of  subject  to  such  right  of  way.  Whenever  any  person  or  coriwratlon,  in 
the  construction  of  any  canal,  ditch,  or  reservoir,  injures  or  damages  the  pos- 
session of  any  settler  on  the  public  domain,  the  party  committing  such  injury 
or  damage  shall  be  liable  to  the  party  injured  for  such  injury  or  damage. 

Sec.  20.  That  the  provisions  of  this  act  shall  apply  to  all  canals,  ditches,  or 
reservoirs  heretofore  or  hereafter  constructed,  whether  constructed  by  corpora- 
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tlons,  individuals,  or  association  of  individuals,  on  tlie  filing  of  the  certificate 
and  maps  herein  provided  for.  If  such  ditch,  canal,  or  reservoir  has  l>een  or 
shall  be  constructed  by  an  individual  or  association  of  individuals,  it  shall  be 
sufficient  for  such  individual  or  association  of  individuals  to  file  with  the  Secre- 
tary of  the  Interior  and  with  tlie  register  of  the  land  office  where  said  land  is  lo- 
cated a  map  of  the  line  of  such  canal,  ditch,  or  reservoir,  as  in  case  of  a  cor- 
poration, with  the  name  of  the  individual  owner  or  owners  thereof,  together 
with  the  articles  of  association,  if  any  there  be.  Plats  heretofore  filed  shall 
have  the  benefits  of  this  act  from  the  date  of  their  filing,  as  though  filed  under 
it :  Provided,  That  if  any  section  of  said  canal  or  ditch  shall  not  be  completed 
within  five  years  after  the  location  of  said  section  the  rights  herein  granted 
shall  be  forfeited  as  to  any  uncompleted  section  of  said  canal,  ditch,  or  reser- 
voir, to  the  extent  that  the  same  Is  not  completed  at  the  date  of  the  forfeiture. 

Sec.  21.  That  nothing  in  this  act  shall  authorize  such  canal  or  ditch  company 
to  occupy  such  right  of  way. except  for  the  purpose  of  said  canal  or  ditch,  and 
then  only  so  far  as  may  be  necessary  for  the  construction,  maintenance,  and  care 
of  said  canal  or  ditch. 

General  Land  Office  regulations  relative  to  the  administration 
of  the  above-quoted  act  contain  the  following  statements:** 

3.  Control  of  water. — While  these  acts  grant  rights  of  way  over  the  public 
lands  necessary  to  the  maintenance  and  use  of  ditches,  canals,  and  reservoirs, 
the  control  of  the  flow  and  use  of  the  water  is,  so  far  as  this  act  is  concerned, 
vested  in  the  States  or  Territories,  the  jurisdiction  of  the  Department  of  the 
Interior  being  limited  to  the  approval  of  maps  carrying  the  right  of  way  over 
the  public  lands.  If  the  right  of  way  applied  for  under  this  act  in  any  wise 
involves  the  appropriation  of  natural  sources  of  water  supply,  the  damming  of 
rivers,  or  the  use  of  lakes,  the  maps  should  be  accompanied  by  proof  that  the 
plans  and  purposes  of  the  projectors  have  been  regularly  submitted  and  ap- 
proved In  accordance  with  the  local  laws  or  customs  governing  the  use  of  water 
in  the  State  or  Territory  in  which  such  right  of  way  is  located.  No  general  rule 
can  be  adopted  in  regard  to  this  matter.  Each  case  must  rest  upon  the  showing 
filed. 

4.  Nature  of  grant, — The  right  granted  Is  not  hi  the  nature  of  a  grant  of 
lands,  but  Is  a  base  or  qualified  fee.  The  possession  and  right  of  use  of  the 
lands  are  given  for  the  purposes  contemplated  by  law,  but  a  reversionary 
Interest  remains  In  the  United  States,  to  be  conveyed  by  It  to*  the  person  to 
whom  the  land  may  be  patented,  whose  rights  will  be  subject  to  those  of  the 
grantee  of  the  right  of  way.  All  persons  settling  on  a  tract  of  public  land,  to 
part  of  which  right  of  way  has  attached  for  a  canal,  ditch,  or  reservoir,  take 
the  land  subject  to  such  right  of  way,  and  at  the  total  area  of  the  subdivision 
entered,  there  being  no  authority  to  make  deduction  in  such  cases.  If  a  settler 
has  a  valid  claim  to  land  existing  at  the  date  of  the  filing  of  the  map  of  definite 
location,  his  right  is  superior,  and  he  Is  entitled  to  such  reasonable  measure  of 
damages  for  right  of  way  as  may  be  determined  upon  by  agreement  or  In  the 
courts,  the  question  being  one  that  does  not  fall  within  the  jurisdiction  of  this 
department.  Section  21  of  the  act  of  March  3,  1891,  provides  that  the  grant  of 
a  right  of  way  for  a  canal,  ditch,  or  reservoir  does  not  necessarily  carry  with  It 
a  right  to  the  use  of  land  50  feet  on  each  side,  but  only  such  land  may  be  used 
as  Is  necessary  for  construction,  maintenance,  and  care  of  the  canal,  ditch,  or 
reservoir.    The  width  is  not  specified. 

«  Regulations  concerning  riglit  of  way  over  public  lands  and  reservations  for  canals, 
ditches,  and  reservoirs,  and  for  use  of  right  of  way  for  various  purposes;  approved  June 
0,  1908,  pp.  4,  5. 


Digitized  by  VjOOQ IC 


WATER-POWER  LEGISLATION   IN   UNITED  STATES.  139 

The  second  right-of-way  act  is  entitled  "An  act  relating  to  rights 
of  way  through  certain  park  reservations  and  other  public  lands," 
approved  February  15,  1901  (Stat.  L.,  vol.  31,  p.  790),  as  follows: 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled,  That  the  Secretary  of  the  Interior  be, 
and  hereby  is,  authorized  and  emi)owered,  under  general  regulations  to  be  fixed 
by  him,  to  permit  the  use  of  rights  of  way  through  the  public  lands,  forest 
and  other  reservations  of  the  United  States,  and  the  Yosemite,  Sequoia,  and 
General  Grant  national  parks,  California,  for  electrical  plants,  jioles  and  lines 
for  the  generation  and  distribution  of  electrical  iK)wer  and  for  telephone  and 
telegraph  purposes  and  for  canals,  ditches,  pipes  and  pipe  lines,  flumes,  tunnels, 
'or  other  water  conduits,  and  for  water  plants,  dams,  and  reservoirs  used  to 
promote  Irrigation  or  mining  or  quarrying,  or  the  manufacturing  or  cutting  of 
timber  or  lumber,  or  the  supplying  of  water  for  domestic,  public,  or  any  other 
beneficial  uses  to  the  extent  of  the  ground  occupied  by  such  canals,  ditches, 
flumes,  tunnels,  reservoirs,  or  other  water  conduits  or  water  plants  or  electrical 
or  other  works  permitted  hereunder  and  not  to  exceed  fifty  feet  on  each  side 
of  the  marginal  limits  thereof,  or  not  to  exceed  fifty  feet  on  each  side  of  the 
center  line  of  such  pipes  and  pii)e  lines,  electrical,  telegraph,  and  telephone 
lines  and  poles,  by  any  citizen,  association,  or  corporation  of  the  United  States, 
where  it  Is  intended  by  such  to  exercise  the  use  permitted  hereunder  or  any 
one  or  more  of  the  purposes  herein  named :  Provided,  That  such  permits  shall 
be  allowed  within  or  through  any  of  said  parks  or  any  forest,  mlUtary,  Indian, 
or  other  reservation  only  upon  the  approval  of  the  chief  officer  of  the  depart- 
ment under  whose  supervision  such  park  or  reservation  falls,  and  upon  a 
finding  by  him  that  the  same  Is  not  incompatible  with  the  public  interest: 
Provided  further.  That  all  permits  given  hereunder  for  telegraph  and  telephone 
purposes  shall  be  subject  to  the  provision  of  title  sixty-five  of  the  Revised 
Statutes  of  the  United  States,  and  amendments  thereto,  regulating  rights  of 
way  for  telegraph  companies  over  the  public  domain:  And  provided  further. 
That  any  permission  given  by  the  Secretary  of  the  Interior  under  the  provisions 
of  this  act  may  be  revoked  by  him  or  his  successor  In  his  discretion,  and  shall 
not  be  held  to  confer  any  right,  or  easement,  or  interest  In,  to,  or  over  any 
public  land,  reservation,  or  park. 

FOBEST  SEBVICE  BEGULATIONS. 

The  only  water-power  regulation  attempted  by  the  Federal  Gov- 
ernment is  that  exercised  by  the  United  States  Forest  Service  on  the 
national  forests.  Authority  for  such  regulations  is  based  on  several 
federal  laws  relating  to  forest  reservations,  viz: 

[Act  of  June  4,  1897  (30  Stat,  11).] 

All  the  public  lands  heretofore  designated  and  reserved  by  the  President  of 
the  United  States  under  the  provisions  of  the  act  approved  March  3,  1891,  the 
orders  for  which  shall  be  and  remain  In  full  force  and  effect,  uususi)ended  and 
unrevoked,  and  all  public  lands  that  may  hereafter  be  set  aside  and  reserved  as 
public  forest  reserves  under  said  act,  shall  be  as  far  as  practicable  controlled 
and  administered  in  accordance  with  the  following  provisions. 

The  Secretary  of  the  Interior  nliall  make  provisions  for  the  protection  against 
destruction  by  fire  and  depredations  upon  the  public  forests  and  forest  reserva- 
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tions,  which  may  have  been  set  aside  or  which  may  be  hereafter  set  aside, 
imder  the  act  of  March  3,  1891,  and  which  may  be  continued;  and  he  may  make 
such  rules  and  regulations,  and  establish  such  service  as  will  insure  the  objects 
of  such  reservations,  namely,  to  regulate  their  occupancy  and  use  and  to  pre- 
serve the  forests  thereon  from  destruction.     ♦     ♦     ♦ 

A  later  law,  approved  February  15,  1901  (31  Stat.,  790),  already 
quoted  on  page  139,  specifies  further  powers  with  reference  to  national 
forests.  Under  an  act  approved  February  1,  1905,  the  execution  of 
all  laws  relative  to  national  forests,  or  forest  reserves,  as  they  were 
known  at  that  time,  was  transferred  to  the  Secretary  of  Agriculture, 
and  it  is  section  5  of  that  act  which,  in  the  opinion  of  the  Depart-, 
ment  of  Justice,  confirms  the  opinion  that  Congress  did,  in  the  pre- 
vious act  above  quoted,  clothe  the  Secretary  of  the  Interior  with  au- 
thority to  issue  permits  and  make  regulations  for  the  establisliment 
and  maintenance  of  water  powers  therein.  The  text  of  section  5  is  a.s 
follows : 

That  all  money  received  from  the  sale  of  any  product  or  the  use  of  any  land 
or  resource  of  said  forest  reserves  shall  be  covered  into  the  Treasury  of  the 
United  States  and,  for  a  i>erl<>d  of  five  years  from  tlie  passage  of  this  act,  slrnll 
constitute  a  special  fund  available  until  expended  as  the  Secretary  of  Agri- 
culture may  direct,  for  the  protection,  administration,  improvement,  and  exten- 
sion of  federal  forest  reserves. 

In  response  to  a  request  made  by  the  Secretary  of  the  Interior  to 
the  Department  of  Justice  for  an  opinion  as  to  the  powers  conferred 
upon  said  Secretary  by  the  terms  of  these  acts,  Attorney-General 
(now  Mr.  Justice)  Moody  rendered  the  following  decision  on  May 
31,  1905: 

tinder  the  act  of  1897  you  are  simply  directed  to  so  regulate  the  occupancy 
and  use  of  these  reservations  as  to  insure  the  objects  thereof  and  preserve  the 
forests  thereon  from  destruction.  The  act  contains  nothing  inconsistent  with 
the  making  of  a  reasonable  charge  on  account  of  the  use  of  the  reserves  under 
the  i^rnilt  granted  by  you.  By  the  act  of  1905  you  are  to  cover  Into  the  Treas- 
ury money  received  from  the  "  use  of  any  land  or  resources  "  of  the  reserva- 
tions, which  "  shall  constitute  a  si>eclal  fund  *  *  •  ♦  for  the  protectiou,  ad- 
ministration, improvement,  and  extension  of  the  federal  forest  Reserves."  Any 
sums  of  money  reallzeil  In  this  connection  would  thus  tend  to  preserve  the 
forests  and  Insure  the  objects  of  reservations,  and  it  might  therefore  be  con- 
tended that  Congress,  in  authorizing  you  to  regulate  their  use  and  occupation, 
considered  the  Incidental  question  of  charging  for  their  use  a  proper  subject  to 
be  left  to  your  judgment  and  discretion.  That  such  was  the  Ck)ngresslonal  in- 
tent finds  support  In  the  fact  that  services  somewhat  analogous  to  compensa- 
tion have  been  required  for  several  years  without  any  indication  of  a  disap- 
proval thereof  on  the  part  of  Congress. 

Furthermore,  your  power  to  prohibit  absolutely  the  use  or  occupation  of  any 
forest  reserve,  when  such  action  Is  deemed  by  you  essential  to  insure  its  ob- 
jects and  preserve  the  forests  from  destruction,  would  probably  be  unquestion- 
able, and  that  the  authority  to  prohibit  carries  with  It  the  right  to  attach  con- 
ditions to  a  permission  Is  well  established.     (22  Opln.,  13,  27.) 

In  answer  to  your  third  question,  therefore,  I  have  to  advise  you  that.  In  my 
opinion,  you  are  authorized  to  make  a  reasonable  charge  in  connection  with  the 
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nse  and  occupation  of  these  forest  reserves,  whenever,  in  your  judgment,  such 
a  course  seems  consistent  with  insuring  the  objects  of  the  reservation  and  the 
protection  of  the  forests  thereon  from  destruction. 

Attorney-General  Bonaparte,  in  a  later  opinion  relative  to  this 
matter,  under  date  of  October  5,  1907,  said : 

The  question  under  consideration  in  that  case  (referring  to  Attorney-General 
Moody's  opinion  above  quoted)  was  whether  you  had  authority  to  make  a  rea- 
sonable charge  as  a  condition  of  a  permit  under  the  act  approved  June  4,  1897 
(30  Stat,  35),  which  authorized  the  Secretary  of  the  Interior  to  "make  such  , 
rules  and  regulations  and  establlslx  such  service  as  will  insure  the  objects  of 
such  reservations,  namely,  to  regulate  their  occupancy  and  tt«e,  and  to  preserve 
the  forests  thereon  from  destruction." 

It  will  be  observed  that  neither  of  these  acts  conferred  upon  the  Secretary 
of  the  Interior,  expressly,  any  authority  to  make  a  charge  of  any  kind  as  a 
condition  of  granting  the  permits  which  they  respectively  authorized.  It  was 
held,  however,  by  Attorney-General  Moody,  that  such  authority  was  implied  In 
the  power  conferred  upon  the  Secretary  by  the  act  of  1897  to  grant  or  refuse 
the  permits.  In  his  discretion,  and  the  act  of  1905  was  referred  to  as  substan- 
tially a  legislative  recognition  of  this  authority  on  his  part.  If,  however,  the 
act  of  1897  conferred  upon  the  Secretary  of  the  Interior,  and  therefore,  after- 
wards, upon  the  Secretary  of  Agriculture,  the  authority  in  his  discretion  to 
require  payment  of  a  reasonable  charge  as  a  condition  of  Issuing  any  such  per- 
mits as  are  authorized  by  said  act,  It  seems  to  me  quite  clear  that  the  act  of 
1901,  above  quoted,  conveys  the  like  authority.  The  language  of  the  later  act 
appears  to  me  more  explicit  than  that  of  the  former,  and  the  Intention  of  the 
Congress  to  leave  the  privileges  granted  under  that  act  revocable  in  the  discre- 
tion of  the  Secretary,  as  is  expressly  stated  In  the  last  proviso,  above  quoted,  of 
the  act  of  1901,  seems  to  be  more  nearly  consonant  with  a  purpose  to  Intrust 
to  his  discretion  all  matters  connected  with  the  granting  of  such  permits  than 
is  any  relevant  provision  to  be  found  In  the  act  of  1897.  I  conclude,  therefore, 
that  you  are  authoj-lzod  by  the  act  of  1901  to  make  the  granting  of  permits  for 
the  purposes  contemplated  by  that  act  dependent  upon  the  payment,  by  the  per- 
sons receiving  such  permits,  of  such  charges  as  you  may  deem  reasonable  for 
the  purposes  contemplated  by  the  law. 

Whether  charges  based  upon  the  three  grounds  si)eclfically  enumerated  In 
your  letter  requesting  an  opinion  would  or  would  not  be  reasonable  Is  not, 
under  the  circumstances  of  this  case,  a  question  proimr  to  be  determined  by 
this  department,  but  a  matter  left  by  the  law  entirely  to  your  discretion.  In 
Riverside  Oil  Company  v.  Hitchcock  (190  V,  S.,  325),  referred  to  In  the  opinion 
of  Attorney -General  Moody,  above  quoted,  the  court  says :  "  The  resiwnsiblllty 
as  well  as  the  power  rests  with  the  Secretary,  uncontrolled  by  the  courts." 
This  would  seem  to  be  no  less  true  as  to  the  question  presented  in  the  present 
case. 

It  may  be  well  for  me  to  sqy,  however,  that  I  do  not  think  It  clear,  as  seems 
to  be  assumed  In  some  of  the  papers  forwarded  with  your  letter,  that  no  charge 
can  be  made  for  water  used  by  persons  to  whom  permits  may  be  granted  under 
the  act  approved  February  15,  1001.  Such  i)ersons,  Indeiwndently  of  their 
permits,  would  have  no  right  or  authority  to  appropriate  the  waters  within 
the  forest  reserves;  at  all  events,  for  such  a  purpose  as  the  production  of 
electric  power.  It  Is  true  that  the  Congress  and  the  courts  have  recog- 
nized a  right  to  appropriate  water  on  the  public  lands  under  state  laws  or 
local  customs,  but  lands  within  the  forest  reserves  are  not  covered  by  general 
statutes  referring  to  the  public  lands;  and  the  right  to  use  water  on  such  re- 
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serves  can  be  secured,  it  would  seem,  only  under  the  provisions  of  the  act  ap- 
proved June  4,  1897,  and  of  other  legislation  specifically  referring  to  the 
reserves,  unless,  perhaps,  such  rights  existed  before  the  particular  reserve  In 
question  was  created.  I  do  not,  however,  consider  It  necessary  to  express  a 
positive  opinion  on  this  subject,  since  I  understand  from  your  letter  that  you 
do  not  intend  to  consider  the  value  of  the  mere  use  of  the  water  itself  In 
fixing  the  compensation  to  be  paid  as  a  condition  for  permits  for  its  use. 

I  advise  you,  therefore,  in  conclusion  that,  in  my  opinion,  you  have  the  right 
to  make  what  you  believe  to  be  a  reasonable  charge,  as  condition  of  issuing 
permits  under  the  act  of  February  15,  1901,  and  that  your  determination  is 
decisive  as  to  what  charge  is  or  Is  not  reasonable  for  such  purpose. 

Under  the  authority  of  the  law  construed  by  the  Department  of 
Justice  as  set  forth  above,  the  Foi'est  Service  enforces  a  power  agree- 
ment upon  parties  making  use  of  the  national  forests  for  the  gen- 
eration or  transmission  of  water  power  or  the  construction  of  reser- 
voirs for  storage  for  water-power  purposes.  The  form  of  the  power 
agreement  is  as  follows: 

UNITED    STATES    DEPARTMENT    OF    AORICULTUBI':. 
FOREST    SERVICE. 


(Name  of  forest.) 
(Name  of  appUcant.) 


Power. 


( Use  applied  for. )  .( Date  of  application. ) 

Power  agrccmnit. 

Clause  t.  The   company,   hereinnftor  called   the  permittee,    a 

cori)oration  organized  and  existing  under  the  laws  of  the  State,  or  Territory, 

of    ,    and   having   its    office   and   principal    place   of   business    at 

,  in   said   State,  or  Territory,   hereby   applies   for   i)ennission    to 

occupy  and  use  certain  lands  of  the  United  States  and  rights  of  way  reserved 

by  the  United  States  within  the National  Forest,  by  constructing, 

maintaining,  and  oi)erating  thereon,  for  the  puriwse  In  this  clause  below  set 
forth,  the  following  works : 

(Cancel  such  of  the  three  following  items  (a),   (6),   (r)   as  may  not  be  applicable.) 

(a)    dam__  approximately feet   in»  height,   respectively,   and 

reservoir. _  to  flood  approximately acres,  whereof  approximately 

acres  are  national-forest  land. 

(6) conduit—  approximately miles  in  length,  whereof  approxi- 
mately   miles  will  lie  upon  mitlonal-forest  land  or  land  within  national 

forests  over  which  a  right  of  way  for  ditches  or  canals,  constructed  by  the 
authority  of  the  United  States,  is  reserved  by  the  act  of  August  30,  1890  (26 
Stat.,  391). 

(c)  iKjwer  hous(»_-  and  ai)i)urtenant  structures  to  occupy  approxi- 
mately   acres,  whereof  approximately acres  are  national-forest 

land;  all  approximately  as  shown   on certain   tracing.-,  executed  by 

on    ,  19 ,   respectively,   filed   in    on 

,  19 ,  respectively,  and  marked  by  the  designation  hereto  pre- 
fixed, which  tracing hereby  made  a  part  of  this  instrument 
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The  works  for  which  a  permit  is  hereby  applied  for  are  to  be  constructed, 
maintained,  and  operated  for  the  purpose  of  storing,  conducting,  and/or  using 
water  for  the  generation  of  electric  energy. 

The  permittee  does  hereby,  in  consideration  for  the  permit  hereby  applied 
for,  promise  and  agree  for  itself  and  its  successors  to  comply  with  all  regula- 
tions and  instructions  of  the  Department  of  Agriculture  governing  national 
forests,  and  especially  with  the  following  conditions: 

Clause  2.  The  permittee  shall  pay  to  the National  Bank  of 

(United  States  depositary),  or  such  other  government  depositary 

Of  oflacer  as  shall  hereafter  be  duly  designated  by  the  United  States,  to  be  placed 
to  the  credit  of  the  United  States,  a  construction  charge  of dol- 
lars <$ ),  annually  in  advance  from until  the  beginning  of 

the  use,  for  the  purpose  aforesaid,  of  the  work  or  works  for  which  permit  is 
hereby  applied  for,  being  at  the  approximate  rate  of  one  dollar  per  acre  and 
five  dollars  per  mile  for  the  land  occupied  by  said  works,  at  which  time  the 
permittee  shall  be  entitled  to  a  credit  toward  the  operation  charge  hereinafter 
provided  for  of  part  of  such  annual  construction  charge  so  last  paid,  proportion- 
ate to  the  remaining  part  of  the  year  for  which  such  last  payment  was  made ; 
and  annually  thereafter  a  net  operation  charge  fixed  by  the  Forester  and 
calculated  as  follows:  The  gross  operation  charge  for  any  year  shall  be  calcu- 
lated by  the  Forester  upon  the  basis  of  the  quantity  of  electric  energy  generated 
in  such  year  at  a  maximum  rate  which  shall  not  exceed  the  following  amounts 
per  thousand  kilowatt-hours: 

Cents. 

For  the  first  year 2 

second  year 4 

third  year 6 

fourth  year i 8 

fifth  year 10 

sixth  to  tenth  years,  inclusive 12^ 

eleventh  to  fifteenth  years,  inclusive 15 

sixteenth  to  twentieth  years,  inclusive 17A 

twenty-first  to  twenty-fifth  years,  inclusive 20 

twenty-sixth  to  thirtieth  years,  inclusive 22i 

thirty-first  to  thirty-fifth  years,  inclusive 25 

thirty-sixth  to  fortieth  years,  inclusive 27i 

forty-first  to  forty-fifth  years,  Incl^sI^e 30 

forty-sixth  to  fiftieth  yeai-s,  inclusive 32^ 

CLArsE  3.  From  the  gross  operation  charge  for. any  year,  calculated  as  afore- 
said, deductions  shall  be  made  as  follows: 

(o)  A  sum  bearing  approximately  the  same  ratio  to  one-half  such  gross  opera- 
tion charge  as  the  area  of  unreserved  lands  and  patented  lands  on  the  water- 
shed furnishing  the  water  stored,  conducted,  and/or  used  in  the  works  for 
which  permit  is  hereby  applied  for  bears  to  the  total  area  of  the  watershed,  as 
of  the  beginning  of  each  year. 

(6)  A  sum  bearing  approximately  the  same  ratio  to  one-half  such  gross  opera- 
tion charge  as  the  length  of  the  conduit  for  which  permit  is  hereby  applie<l  for 
upon  unreser\'ed  lands  and  upon  patented  lands  over  which  a  right  of  way  for 
ditches  and  canals  is  not  reserved  by  the  act  of  August  30,  1S90  (2G  Stat,  391), 
bears  to  the  total  length  of  such  conduit,  as  of  the  beginning  of  each  year. 

(c)  A  sum  bearing  approximately  the  same  ratio  to  the  balance  remaining 
after  said  deductions  "  a  *  and  "  b  "  as  the  quantity  of  electric  energy  generated 
from  water  stored  artificially  by  the  permittee  over  and  above  what  is  generated 
by  the  natural  flow  bears  to  all  electric  energy  generated. 
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The  sum  r^uaining  after  all  the  aforesaid  deductions  have  been  made  shall 
be  the  net  operation  charge  for  such  year. 

Provided,  That  the  term  "  unreserved  lands,"  as  above  used  in  this  clause, 
shall  be  deemed  and  taken  to  mean  lands  of  the  United  States  not  reserved  as  a 
part  of  any  national  forest,  and  that  this  permit  shall  not  affect  such  lands  or 
i-estrlct  in  any  manner  the  right  and  duty  of  the  United  States  to  control  the 
occupancy  and  use  thereof  through  the  department  or  officer  lawfully  charged 
with  their  custody  or  control. 

Provided  further.  That  the  term  "patented  lauds,"  as  above  used  In  this 
clause,  shall  include  all  lands  to  which  title  has  been  perfected  in  persons, 
corporations.  States,  and  Territories;  also  all  lands  outside  the  United  States. 

Provided  further.  That  the  word  "  conduit,"  as  used  in  this  and  other  clauses 
of  this  permit,  shall  include  ditches,  canals,  pipe  lines,  and  all  other  means  for 
the  conveyance  of  a  flow  of  water. 

Clause  4.  The  decision  of  the  Forester  shall  be  final  as  to  all  matters  of  fact 
upon  which  the  gross  operation  charge  for  any  year,  the  deductions  for  such 
year,  and  the  net  operation  charge  for  such  year  depend. 

Clause  5.  The  permittee  shall  Install  and  maintain  in  good  operating  con- 
dition, free  of  any  expense  to  the  United  States,  accurate  meters  and  other 
instruments  approved  by  the  Forester,  adequate  for  the  measurement  of  the 
electric  energy  on  which  said  gross  operation  charge  is  to  be  calculated,  and 
accurate  measuring  weirs  and  other  devices  approved  by  the  Forester,  adequate 
for  the  determination  of  the  quantity  of  water  used  in  the  generation  of 
electric  energy  from  the  natural  stream  flow  and,  separately,  the  quantity  of 
water  stored  by  the  permittee  so  used  over  and  above  the  natural  stream  flow ; 
and  the  permittee  shall  keep  accurate  and  sufficient  records,  to  the  satisfaction 
of  the  Forester  and  free  of  any  exi)ense  to  the  United  States,  showing  the 
quantity  of  electric  energy  generated  in  each  year,  the  quantity  of  water  used 
in  such  generation  of  electric  energy  from  the  natural  stream  flow,  and,  sepa- 
rately, the  quantity  of  water  stored  by  the  permittee  so  used  over  and  above 
the  natural  stream  flow ;  and  the  authorized  agents  of  the  Forest  Service  shall 
at  all  times  have  free  access  to  the  aforesaid  meters,  weirs,  instruments,  devices, 
and  records  of  the  permittee.  In  case  the  permittee  fails  for  any  year  to  so 
install  and  maintain  such  meters,  weirs,  Instruments,  and  devices,  and  to  keep 
such  records,  the  Forester  shall  fix  by  estimate  the  amount  of  the  gross  cliarge 
and  of  the  deductions  for  such  year,  using  such  information  as  he  can  readily 
obtain. 

Clause  6.  If  the  United  States  shall  hereafter,  for  permits  of  this  nature 
in  national  forests,  reduce  the  general  scale  of  maximum  rates  l)elow  those 
above  provided  for  in  clause  2  hereof,  or  shall  wholly  abolish  charges  for  per- 
mits of  this  nature,  then  and  thereupon  the  charges  to  be  calculated  and  fixed 
hereunder,  as  provided  in  clause  2  hereof,  shall  be  reduced  or  abolished  in  like 
degree. 

Clause  7.  The  i)ermlttee  shall  pay  to  the  United  States  depositary  or  officer, 
as  above  set  forth  in  clause  2  hereof,  the  full  value  of  all  merchantable  live 
or  dead  timber  cut,  Injured,  or  destroyed  In  the  construction  of  the  said 
works,  title  to  which,  at  the  time  of  such  cutting,  injury,  or  destruction,  is  in 
the  United  States,  according  to  the  scale,  count,  or  estimate  of  the  forest  officer 
in  charge  or  other  duly  authorized  officer  or  agent  of  the  United  States,  such 
full  value  of  timber  cut.  Injured,  or  destroyed  in  the  construction  of  said 
works  shall  be  deemed  and  taken  to  be,  and  payment  therefor  shall  be  made  in 
advance  as  retiuired  by  such  forest  officer  or  other  duly  authorized  officer  or 
agent  of  the  United  States, 


Digitized  by  VjOOQIC 


WATER-POWER  LEGISLATION    IN    UNITED   STATES.  145 

Clause  8.  The  permittee  shall  dispose  of  all  orush  and  other  refuse  resulting 
from  the  necessary  clearing  of  or  cutting  of  timber  on  the  lands  occupied  under 
tlie  permit  hereby  applied  for  as  may  be  required  by  the  forest  officer  in  charge. 
Clause  9.  The  permittee,  its  employees,  contractors,  and  employees  of  con- 
tractors shall  do  all  in  their  ]x>wer,  both  inilei)endently  and  upon  the  request 
*)f  the  forest  officers,  to  prevent  and  suppress  forest  fires. 

Clause  10.  The  permittee  shall,  on  demand  of  the  district  forester  or  other 
duly  authorized  officer  or  agent  of  the  United  States,  pay  to  the  United  States 
depositary  or  officer,  as  above  set  forth  in  clause  2  hereof,  full  value  as  fixed 
by  such  district  forester  or  other  duly  authorized  officer,  for  all  damage  to  the 
national  forests  resulting  from  the  brea Icing  of,  or  the  overflowing,  leaking,  or 
seepage  of  water  from  the  works  constructed,  maintained,  and/or  oi)erated 
under  the  permit  hereby  applied  for;  and  for  all  damage  to  the  national  forests 
caused  by  the  neglect  of  the  permittee,  its  employees,  contractors,  or  employees 
of  contractors. 

Clause  11.  The  iiermittee  shall  build  new  roads  and  trails  as  required  by  the 
forest  oflicer  or  other  duly  authorized  officer  or  agent  of  the  United  States  to 
replace  any  roads  or  trails  destroyed  by  the  construction  work  or  flooding  under 
the  permit  hereby  applied  for,  and  to  build  and  maintain  suitable  crossings  as 
required  by  the  forest  officer,  or  other  duly  authorized  officer  or  agent  of  the 
United  States,  for  all  roads  and  trails  which  Intersect  the  conduit.  If  any,  con- 
structed, operated,  and/or  maintained  under  the  permit  hereby  applied  for. 

Clause  12.  The  permittee  shall  within months  from  the  date  of  ap- 
proval hereof,  begin  l)ona  fide  construction  of  the  works  for  which  permit  is 
hereby  applied  for,  and  shall,  within years  from  the  date  of  said  ap- 
proval, complete  such  construction  and  begin  to  operate  said  works  for  the  pur- 
pose in  clause  1  hereof  set  forth,  unless  the  time  Is  extended  by  written  consent 
of  the  Forester;  It  being  understood  that  such  consent  will  usually  be  given 
only  because  of  physical  obstacles  to  construction,  such  as  floods  or  engineering 
difficulties  which  could  not  reasonably  have  been  anticipated. 

CiAUSE  13.  In  constructing  any  dam  or  reservoir  under  the  permit  hereby 
applied  for,  the  permittee  shall  follow  the  usual  precautions  in  the  ordinary 
methods  of  dam  construction.  This  obligation,  however,  shall  not  be  construed 
so  as  to  relieve  the  permittee  from  any  requirement  of  state  law  regarding  the 
construction  of  dams  and  storage  of  water. 

Clause  14.  The  permittee  shall  sell  electric  energy  to  the  United  States 
when  requested  at  as  low  a  rate  as  is  given  to  any  other  purchaser  for  a  like 
use  at  the  same  time:  Provided,  That  the  permittee  can  furnish  the  same  to 
the  United  States  without  diminishing  the  measured  quantity  of  energy  sold 
before  such  request  to  any  other  consumer  by  a  binding  contract  of  sale:  Pro- 
dded further.  That  nothing  In  this  clause  shall  be  construed  to  require  the 
permittee  to  increase  its  permanent  works  or  to  install  additional  generating 
machinery. 

Clause  15.  The  permit  hereby  applied  for  shall  be  nontransferable  (U.  S. 
Rev.  Stat.,  sec  3737)  and  shall  be  subject  to  all  prior  valid  claims  which  are 
not  by  law  subject  thereto. 

Clause  16.  No  Member  of  or  Delegate  to  Congress  shall  be  admitted  to  any 
share  or  part  of  this  agreement  or  to  any  benefit  to  arise  thereupon.  (U.  S. 
Rev.  Stat,  sees.  3739  to  3742,  inclusive.) 

Clause  17.  No  person  undergoing  a  sentence  of  Imprisonment  at  hard  lalwr 
imposed  by  any  court  of  the  several  States,  Territories,  or  municipalities  having 
criminal  jurisdiction  shall  bo  employed  in  the  performance  of  this  contract 
(Executive  order.  May  IS,  1905.) 
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Clause  18.  The  i)ermittee  shall,  except  when  prevented  by  the  act  of  God  or  tlA€? 
public  enemy  or  by  unavoidable  accidents  or  contingencies,  continuously  oi>ei-a  te 
for  the  generation  of  electric  energy  the  works  to  be  constructed  under  the  permit 
hereby  applied  for.  In  such  manner  as  to  generate  after  such  generation  beg^ios 
not  less  than  the  following  i)ercentage8  of  the  full  hydraulic  capacity  of  the  ssxid 

works  measured  In  kilowatt-hours:  In  the  first  year per  cent;  In    tlio 

second  year iier  cent;  in  the  third  year per  cent;  in  the  fourlrli 

year per  cent ;  In  the  fifth  year per  c«it ;  and  in  every  year  ttier^- 

after per  cent 

Clause  19.  If  any  of  the  works  for  which  permit  is  hereby  applied  for  slia.  1 1 
l>e  owned,  leased,  trusteed,  possessed,  or  controlled  by  any  device  permanently, 
temporarily,  directly,  indirectly,  tacitly,  or  in  any  manner  whatsoever  so  tUa^t 
they  form  part  of  or  in  any  way  effect  any  combination  or  are  in  anywise  con- 
trolled by  any  combination,  in  the  form  of  an  unlawful  trust,  or  form  the  siil>- 
Ject  of  any  contract  or  conspiracy  to  limit  the  output  of  electric  energy  or  in 
restraint  of  trade  with  foreign  nations  or  between  two  or  more  States  or 
Territories  or  within  any  one  State  or  Territory,  in  the  generation,  sale,  or  ilis*- 
tribution  of  electric  energy,  the  i)ermit  hereby  applied  for  shall  be  forfeitcH.1 
to  the  United  States  by  proceedings  instituted  by  the  Attorney-General  of  tlio 
United  States  in  the  courts  for  that  purpose. 

Clause  20.  The  permit  hereby  applied  for  shall  cease  and  be  void  upon  tlio 
expiration  of  fifty  years  from  the  date  of  approval  hereof,  but  it  may  then  l>*» 
renewed  in  the  discretion  of  the  duly  authorized  officer  or  agent  of  the  Uniteil 
States  and  upon  such  conditions  as  he  may  in  his  discretion  fix :  Provided,  Tlutt 
such  officer  or  agent,  in  fixing  such  conditions,  shall  consider  the  actual  vulno 
at  Ihat  time  for  power  and  all  other  purposes  of  the  lands  and  rights  of  way 
within  national  forests  occupied  and  used  under  the  permit  hereby  applleti  for 
and  the  actual  value  at  that  time  of  all  improvements  lawfully  made  by  tlie 
permittee  within  national  forests  under  the  permit  hereby  applied  for,  but 
neither  the  proi)ertj'  of  the  permittee,  if  any,  outside  of  national  forests,  nor 
the  permit,  franchises,  bonds,  capital  stock,  or  other  securities  of  the  perniittc*e 
shall  be  considered  in  fixing  such  conditions. 

Clause  21.  Nothing  herein  contained  shall  be  construed  to  prevent  the  Forest 
Service  from  having  the  same  Jurisdiction  over  the  lands  above  specifled.  In- 
cluding the  issuance  of  further  permits,  as  over  other  national-forest  lands, 
not  inconsistent  with  the  occuimtlon  and  use  hereby  applied  for. 

In  witness  whereof  the  permittee  has  executed  this  application  in  duplicate  at 
on  this day  of ,  19— 


[stAL.!  By 

Prcsidi'ttf. 
Attest: 


Scvrvtui'if. 

ACKNOWLKDti  KM  KNT. 

State  of 1 

County  of J 

On  this day  of ,  19__,  before  me,  a  notary  public  in  and  for  said 

county,  duly  commissioned  and  sworn,   my  commission  expiring , 

19—,  personally  came ,  to  me  personally  known,  who  l>eing  by   me 
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doly  sworn,  did  deiwse  and  say  that  lie  resides  in ;  that  he  is  tlie 

of  the Company;  that  said  company  is  the  corporation  which 

i:^  deacribed  in  and  which  executed  the  foregoing  instrument ;  that  he  Imows  the 
seal  of  said  corporation,  that  the  seal  affixed  to  such  instrument  is  such  corix>- 
rate  seal,  that  it  was  so  fixed  by  order  of  the  board  of  directors  of  said  corpo- 
ration,  and  that  he  signed  his  name  thereto  by  lilce  order;   and  the  said 

acknowledged  said  instrument  to  be  the  free  act  and  deed  of  said 

«t»ri)oration. 

Witness  my  hand  and  official  seal  the  day  and  year  first  above  written. 

[NOTARIAL  SEAL.]  

Notary  Public  in  and  for County. 

Approved ,  1D__,  and  i)ermis8lon  grant^l  subject  to  the  conditions 

set  forth. 


Forcatcr, 
STATE  LEGISLATION. 


Several  States  have  l)egim  to  realize  the  necessity  for  water-power 
legislation.  New  York,  Pennsylvania,  Oregon,  and  certain  other 
States  have  laws  on  this  subject,  which,  so  far  as  they  go,  are  of  good 
purport.  Their  principal  defect  is  that  they  do  not  confer  upon  the 
authorities  sufficient  initiatory  powers.  Progress,  in  these  three 
States  especially,  may  be  expected  in  the  near  future,  but  these  iso- 
lated examples  are  not  sufficient  to  establish  a  common  policy.  This 
country  can  not  afford  to  be  wise  merely  in  spots.  We  will  review 
briefly  some  of  the  state  laws. 

PENNSYLVANIA. 

A  water-supply  commission  of  fi^ae  members  was  created  in  the 
State  of  Pennsylvania  under  an  act  approved  in  May,  1905.  This 
act  gave  the  commissioners  authority  to  collect  information  relative 
to  the  condition  of  the  water  supply  and  provided  that  no  letters- 
patent  should  be  issued  to  any  company  desiring  to  be  incorporated 
for  the  purpose  of  supplying  water  to  the  public  until  the  application 
had  first  received  the  indorsement  of  a  majority  of  the  commission. 

An  act  approved  in  June,  1907,  increases  the  scope  of  the  commis- 
sion's powers  by  providing  that  no  application  for  the  charter  of  a 
corporation  for  supplying  water  to  the  public  or  for  the  development 
of  storage  or  transportation  of  water  power  for  commercial  and 
manufacturing  purposes  shall  be  approved  until  the  same  has  received 
the  approval  of  the  water-supply  commission,  or  unless  such  applica- 
tion shall  contain  the  name  of  the  river,  stream,  or  other  body  of 
water  from  which  it  is  proposed  to  take  or  use  water  or  w^ater  power. 
The  act  also  provides  practically  the  same  requirements  in  the  case  of 
agreements  for  the  merger  or  consolidation  of  two  or  more  corpora- 
tions for  the  same  purposes,  and  further  provides  that  said  cor- 
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porations,  before  merger,  shall  surrender  all  the  rights  theretofore 
existing  to  the  Commonwealth.  There  is  a  further  useful  require- 
ment that  safeguards  the  stockholders  of  the  companies  proposing 
to  consolidate,  which  provides  that  no  such  agreement  of  merger  and 
consolidation  shall  be  approved  by  said  water-supply  commission  of 
Pennsylvania  or  by  the  governor  until  each  of  the  corporations  or 
parties  thereto  shall  have  placed  in  the  office  of  the  water-supply 
commission  a  written  acceptance,  imder  the  seal  of  said  corporation 
and  authorized  by  a  majority  of  the  stockholders  thereof,  both  of  this 
act  and  of  the  act  approved  April  13, 1905,  entitled  "An  act  providing 
that  the  right  of  eminent  domain,  as  respects  the  appropriation  of 
streams,  rivers,  or  waters,  or  the  lands  covered  jthereby,  shall  not  be 
exercised  by  water  companies  incorporated  under  law,"  agreeing  to  be 
subject  to  and  bound  by  the  provisions  of  both  of  said  acts,  with  like 
effect  as  if  said  corporations  had  been  formed  subsequently  to  the 
passage  of  both  of  said  acts. 

Another  section  of  the  act  provides  that  no  sale,  assignment,  dis- 
position, or  transfer  of  any  franchise  of  a  corporation  theretofore 
or  thereafter  formed  for  the  supply  of  water  or  water  power  shall  be 
valid  until  the  same  has  been  formally  presented  to  the  water-supply 
commission  of  Pennsylvania  and  has  received  its  approval.  It  is 
further  provided  that  no  corporation  for  the  supply  of  water  or 
water  power,  formed  or  created  subsequently  to  the  passage  of  the 
act,  or  subject  to  its  provisions,  requiring  new  or  additional  source 
of  supply,  shall  acquire  the  same  until  the  facts  have  been  placed 
before  the  commission,  especially  the  facts  concerning  the  neces- 
sity for  such  new  or  additional  source  of  supply,  and  have  been  ap- 
proved by  the  commission  and. the  governor,  and  a  certificate  has 
been  issued.  • 

The  effect  of  the  Pennsylvania  law  has  been  extremely  beneficial 
to  the  State,  and  the  commission  and  its  agents  have  been  able  to  col- 
lect a  large  amount  of  fundamental  information,  that  will  in  the 
future,  as  well  as  in  the  present,  be  of  immense  value  to  the  people. 
The  law  now  in  force  is  merely  a  good  beginning,  and  one  of  its 
principal  benefits  is  to  provide  publicity  of  intent  upon  the  part  of 
water-power  companies.  Under  it  all  the  plans  and  proposals  of 
development  must  be  matters  of  public  record,  and  a  great  advantage 
undoubtedly  accrues  by  reason  of  the  authority  of  the  conunission 
to  deny  its  approval  to  plans  and  schemes  that  do  not  attain  the 
standards  established  by  the  commission.  Beyond  this,  however,  the 
law  does  not  go.  It  does  not  give  to  the  commission  tlie  power  to 
regulate  rates  at  which  power  shall  be  furnished,  nor  does  it  estab- 
lish any  standard  or  classification  of  powers,  such  as  is  attempted 
under  the  French  proposals.  Undoubtedly,  this  development  of  the 
state  power  of  regulation  will  be  a  matter  of  growth,  and  it  is  certaii) 
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that  in  spite  of  these  omissions  of  the  law,  the  Commonwealth  of 
Pennsylvania  is  far  in  advance  of  all  but  a  few  States  of  the  Union 
in  matters  of  water-supply  regulation  and  the  relation  thereof  to 
the  public. 

NEW  YOBK 

The  State  of  New  York  has  enacted  laws  concerning  water  powers 
which,  while  they  do  not  extend  in  the  same  direction  as  those  of 
Pennsylvania,  are  none  the  less  praiseworthy.  In  one  respect  the 
New  York  laws  are  far  in  advance  of  any  others  in  this  country,  for 
they  recognize  and  establish  the  interests  of  the  State  in  water- 
I)ower  ownership  and  development. 

Tlie  Xew  York  water-supply  commission  was  originally  consti- 
tuted to  control  and  regulate  the  establishment  of  municipal  water 
supplies  by  municipal  corporations  or  other  civil  divisions.  The 
law  provides  that  no  such  corporation  shall  have  any  power  to 
acquire  or  takfe  up  lands  for  any  new  or  additional  sources  of  munici- 
pal water  supply  until  plans,  profiles,  and  specifications  and  a  state- 
ment of  needs  for  such  supply  shall  have  been  approved  by  the  com- 
mission. The  law  further  provides  an  orderly  course  of  procedure, 
by  which  these  matters  may  be  equitably  adjudicated. 

This  commission  was  later  given  powers  previously  conveyed  to 
a  river-improvement  commission,  the  object  of  which  was  to  secure 
and  provide  means  for  the  regulation  of  flow  of  water,  the  rectifica- 
tion of  channels,  and  the  making  of  reports  on  th^  best  methods  of 
accomplishing  these  purposes.  This  law  gave  to  the  commission 
an  indirect  relation  to  the  water-power  development  of  the  State,  but 
the  final  law,  under  which  the  commission  is  now  acting,  with  refer- 
ence to  the  development  of  water  powers  (chapter  569,  laws  of  1907) 
authorizes  and  directs  the  commission  to  devise  plans  for  the  pro- 
gressive development  of  the  water  powers  of  the  State,  for  public  fise 
under  state  ownership  and  control.  The  law  directs  that  the  com- 
mission shall  proceed  to  collect  information  relating  to  the  water 
powers  of  the  State  and  shall  devise  plans  for  the  development  of 
such  water  powers  as  it  deems  available,  and  may  devise  plans  for 
the  development  of  such  other  water  powers  as  shall  be  brought  to 
its  attention  by  the  officers  of  municipalities.  It  further  directs  that 
detailed  plans  for  such  development  shall  be  presented  in  reports 
made  to  the  governor  of  the  State,  and  that  all  other  necessary  in- 
formation be  furnished  to  enable  the  State  to  establish  itself  as  a 
developer  and  owner  of  water  power,  for  the  public  benefit. 

The  powers  of  the  commission  do  not-  extend  to  the  construction 
of  reservoirs  and  water  powers  favorably  reported  on  by  it,  a  special 
act  of  the  legislature  being  necessary  in  each  case. 

As  in  Pennsylvania,  no  power  is  conferred  upon  the  commission  to 
regulate  the  sale  of  water  power,  nor  to  control  in  any  way  the  re- 
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lations  lietwcen  the  owner  of  such  power  and  the  public  which  ho 
serves  with  this  utility.  An  indirect  control  may  in  some  cases  l>e 
effected  if  in  the  future  the  legislature  shall  provide  for  the  construc- 
tion of  the  storage  works  recommended. 

The  following  statement**  indicates  clearly  how  the  conditions  im- 
prevSsed  the  members  of  the  commission  after  they  had  expended  a 
year  in  study  of  the  subject  under  the  guidance  of  one  of  the  ^fore- 
most engineers  of  the  time.  So  general  is  the  application  of  this 
statement  that  each  of  the  States  of  the  Union  would  do  well  to  pro- 
vide that  copies  of  it  be  widely  distributed  among  its  citizens. 

There  are  at  this  time  opportunities  for  the  State  to  acquire  at  a  minimnni 
cost  the  necessary  lands  and  rights  for  the  construction  of  large  storage  da  ins 
for  the  control  of  flood  waters  and  for  the  development  of  water  powers  which 
can  be  made  to  yield  generous  returns  to  the  people,  if  built,  develoi>ed,  an<l 
controlled  by  the  State;  but  these  same  lands  and  rights  will  in  a  short  time, 
like  our  forests,  rapidly  increase  in  price  in  the  hands  of  private  and  coriH>mte 
ownership.  These  valuable  sites,  like  all  natural  resources,  where  nature  has 
stored  up  immense  treasure,  grow  more  valuable  each  year  as  population  l>e- 
comes  denser  and  the  demand  for  their  use  increases. 

We  have  only  to  look  across  our  northern  border  to  the  Dominion  of  Canada 
to  see  how  our  mistakes  in  allowing  private  interests  to  acquire  natural  resources 
have  been  avoided  by  the  statesmanship  of  the  Dominion  government.  Another 
lesson  may  be  learned  from  the  policy  of  the  Federal  Government  in  obtaining 
a  revenue  from  the  national  forests. 

OBEOON. 

Two  laws  have  recently  l>een  enacted  by  the  legislature  of  Oregon 
relating  to  water  rights,  the  beneficial  use  of  water,  and  the  develop- 
ment of  water  power.  The  first  is  an  act  providing  a  system  for  the 
regulation,  control,  distribution,  use,  and  right  to  the  use  of  water 
and  for  the  determination  of  existing  rights  thereto  within  the 
State  of  Oregon,  providing  penalties  for  its  violation,  and  appropri- 
ating money  for  the  maintenance  thereof  and  declaring  an  emergency. 
This  law  went  into  effect  February  24,  1909.  The  second  is  an  act 
providing  for  granting  franchises  of  water  power  by  the  State  and 
collecting  fees  therefor,  in  effect  May  22,  1909. 

The  first  law  provides  that,  subject  to  existing  rights,  all  waters 
within  the  State  may  be  appropriated  for  beneficial  use  as  provided 
therein  and  not  otherwise,  but  nothing  therein  contained  shall  be 
so  construed  as  to  take  away  or  impair  the  vested  right  of  any  person, 
firm,  corporation,  or  association  to  any  water.  The  State  is  divided 
into  two  water  divisions,  each  under  the  charge  of  a  superintendent, 
whose  duties  are  to  execute  the  laws  relative  to  the  distribution  of 
water  and  to  perform  such  other  functions  as  may  be  assigned  to 
him.    He  is  vested  with  authority  to  make  reasonable  regulations  to 

"Third  Ann.  Ropt.  New  York  State  Water-Supply  Commlsalon,  1908,  pp.  300-301. 
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secure  the  equal  and  fair  distribution  of  water  in  accordance  with 
the  determined  water  rights. 

The  acts  provide  for  the  creation  of  a  board  of  control,  to  consist 
of  the  state  engineer  and  the  superintendents  of  the  two  water  divi- 
sions above  mentioned,  to  which  is  given  supervision  of  the  waters 
of  the  State  and  their  appropriation,  distribution,  and  diversion. 
Appeal  from  the  decision  of  a  superintendent  of  a  water  division  is 
made  to  the  board  of  control,  andr  the  decisions  of  said  board  are 
subject  to  appeal  to  the  circuit  and  supreme  courts  of  the  State. 

It  is  provided  that  on  petition  to  the  board  of  control,  signed  by 
one  or  more  water  users  upon  any  stream  reijuesting  the  determina- 
tion of  tlie  relative  rights  of  the  various  claimants  to  the  waters  of 
that  siream,  it  shall  be  the  duty  of  the  board  of  control,  if,  upon 
investigation,  it  finds  the  facts  and  conditions  are  such  as  to  justifj' 
intervention,  to  make  a  determination  of  said  rights,  and  if  suit  is 
brought  in  the  circuit  court  for  a  determination  of  rights  to  the  use 
of  water  the  case  may,  in  the  discretion  of  the  court,  be  transferred 
to  the  board  of  control  for  determination.  The  act  prescribes  an 
orderly  course  of  procedure  in  such  cases,  which  includes  suitable 
notice  of  proceedings,  statements  of  claimants,  taking  of  testimony, 
and  all  other  features  necessary  to  an  equitable  determination  of  the 
facts;  provides  for  the  entry  of  the  decision  of  the  board  of  control 
in  the  office  of  the  county  clerk  of  each  county  involved  in  the  deci- 
sion ;  and  further  provides  that  water-right  certificates  shall  be  issued 
by  the  board  of  control  to  the  parties  to  whom  water  rights  are 
granted  in  any  case. 

The  act  provides  further  that  water  divisions  shall  be  divided  by 
the  board  of  control  into  water  districts,  each  under  the  charge  of  a 
duly  appointed  water  master,  who  shall  divide  the  water  of  the 
natural  streams  and  other  sources  of  supply  among  the  several 
ditches  and  reservoirs  according  to  the  rights  of  each  party,  and  it 
further  vests  such  water  masters  with  the  necessary  legal  authority 
and  power  of  arrest. 

The  procedure  prescribed  relative  to  the  appropriation  of  water 
within  the  State  of  Oregon  is  as  follows: 

.Sec.  45.  Application. — Any  person,  association,  or  corporation  bereatter  in- 
tending to  acquire  the  right  to  the  beneficial  use  of  any  waters  shall,  before 
commencing  the  construction,  enlargement,  or  extension  of  any  ditch,  canal,  or 
other  distributing  or  controlling  works,  or  performing  any  work  in  connection 
with  Sit  id  construction,  or  proix)sed  appropriation,  make  an  application  to  the 
state  engineer  for  a  permit  to  make  such  appropriation.  Any  person  who  shall 
willfully  divert  or  use  water  to  the  detriment  of  others  without  compliance 
with  law  shall  be  deemed  guilty  of  a  misdemeanor.  The  possession  or  use  of 
water,  except  when  a  right  of  use  is  acquired  in  accordance  with  law,  shall  be 
prima  facie  evidence  of  the  guilt  of  the  person  using  it 

Skc.  4(5.  AppUcatioHH,  nature  of. — Each  application  for  permit  to  appropriate 
water  shall  set  forth  the  name  and  post-oftice  address  of  the  applicant,  the 
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source  of  water  supply,  the  nature  and  amount  of  the  proi)osed  use,  the  location 
and  description  of  the  pro|>o8ed  ditch,  canal,  or  other  work,  the  time  within 
which  it  is  proposed  to  begin  construction,  the  time  required  for  completion 
of  the  construction,  and  the  time  for  the  complete  application  of  the  water  to 
the  proposed  use.  If  for  agricultural  purposes,  it  shall  give  the  legal  sub- 
divisions of  the  land  and  the  acreage  to  be  irrigated,  as  near  as  may  be.  If 
for  power  purposes,  it  shall  give  the  nature  of  the  works  by  means  of  which  the 
power  is  to  be  develoi)ed,  the  head  and  amount  of  water  to  be  utilized,  and 
the  uses  to  which*  the  power  is  to  be  applied.  If  for  the  construction  of  a 
reservoir,  it  shall  give  the  height  of  the  dam,  the  capacity  of  the  reservoir,  and 
the  uses  to  be  made  of  the  imi)ounded  waters.  If  for  municl|)al  water  supply, 
it  shall  give  the  present  population  to  be  served  and,  as  near  as  may  be,  the 
future  requirements  of  the  city.  If  for  mining  purposes,  it  shall  give  the 
nature  of  the  mines  to  be  served,  the  methods  of  supplying  and  utilizing  the 
water.  All  applications  shall  be  accompanied  by  such  mai)s  and  drawings.  In 
dui)licate,  and  such  other  data  as  may  hereafter  be  prescribed  by  the  board  of 
control,  and  such  accompanying  data  shall  be  considered  as  a  part  of  the 
application. 

Sec.  47.  AppHrations,  approval  of, — Upon  receipt  of  an  application  It  shall 
be  the  duty  of  the  state  engineer  to  make  an  Indorsement  thereon  of  the  date  of 
Its  receipt  and  to  keep  a  record  of  the  same.  If  upon  examination  the  applica- 
tion Is  found  to  be  defective,  it  shall  be  returned  for  correction  or  completion, 
and  the  date  of  and  reasons  for  the  return  thereof  shall  be  Indorsed  thereon  and 
made  a  record  in  his  office.  No  application  shall  lose  its  priority  of  filing 
on  account  of  such  defects,  provided  acceptable  maps  and  drawings  are  filed 
in  the  office  of  the  state  engineer  within  thirty  days  from  the  date  of  said 
return  to  the  applicant.  All  applications  which  shall  comply  with  the  provi- 
sions of  this  act  shall  be  recorded  in  a  suitable  book  kept  for  that  purpose,  and 
It  shall  be  the  duty  of  the  state  engineer  to  approve  all  applications  made  in 
proper  form,  which  contemplate  the  application  of  water  to  a  beneficial  use,  but 
when  the  proposed  use  conflicts  with  determined  rights,  or  Is  a  menace  to  the 
safety  and  welfare  of  the  public,  the  application  shall  be  referred  to  the  board 
of  control  for  consideration.  It  shall  be  the  duty  of  the  board  of  control  to 
enter  an  order  directing  the  refusal  of  such  application,  if,  after  full  hearing, 
the  public  interest  demands.  An  api)Iication  may  be  approved  for  a  less 
amount  of  water  than  that  applied  for.  If  there  exist  substantial  reasons 
therefor,  and  in  any  event  shall  not  be  approved  for  more  water  than  can  be 
applied  to  a  beneficial  use.  Applications  for  municipal  water  supplies  may  be 
approved  to  the  exclusion  of  all  subsequent  appropriations,  if  the  exigencies  of 
the  case  demand,  ui)on  consideration  and  order  by  the  board  of  control. 

Sec.  48.  Application,  how  indorsed, — The  approval  or  rejection  of  an  applica- 
tion shall  be  indorsed  thereon  and  a  record  made  of  such  indorsement  in  the 
state  engineer's  office.  The  application  so  indorsed  shall  be  returned  imme- 
diately to  the  applicant  by  mall.  If  approvetl,  the  applicant  shall  be  authorized, 
on  receipt  thereof,  to  proceed  with  the  construction  of  the  necessary  works,  and 
to  take  all  steps  required  to  apply  the  water  to  a  beneficial  use,  and  to  perfect 
the  proposed  appropriation.  If  the  application  is  refused,  the  applicant  shall 
take  no  steps  toward  the  construction  of  the  proi)osed  work  or  the  diversion 
and  use  of  water  so  long  as  such  refusal  shall  continue  In  force. 

Sec.  49.  Assignment  of  permit. — ^Any  f)ermlt  or  license  to  appropriate  water 
may  be  assigned,  subject  to  the  conditions  of  the  i»ermlt,  but  no  such  assign- 
ment shall  be  binding  except  uix)n  the  parties  hereto,  unless  filed  for  record 
in  the  office  of  the  state  e  i^'lncn^r. 
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Srx:.  7tiK  UmitatUm  on  iimr  of  cfnnidvtino  trork, — Actual  oonstructioii  work 
shall  begin  within  one  year  from  the  date  of  ai>i)roval  of  the  application  ami 
the  construction  of  any  proposed  irrigation  or  other  work  shall  thereafter  be 
prosecuted  with  reasonable  diligence  and  be  completed  within  a  reasonable 
time  as  fixed  in  the  permit,  not  to  exceed  five  years  from  the  date  of  such 
approval.  The  board  of  control  shall,  for  good  cause  shown,  extend  the  time 
within  which  irrigation  or  other  works  shall  be  completed,  or  the  right  per- 
fected under  any  i>ermit  which  may  be  submitted  for  its  consideration  by  the 
state  engineer. 

Sec.  51.  Appeals, — Any  applicant  may  appeal  to  the  board  of  control  for 
relief,  which  board  may  modify  the  decisions  of  the  state  engineer  if  It 
shall  api)ear  that  he  has  abused  the  authority  reposed  In  him  by  law.  Such 
appeal  shall  be  taken  within  thirty  days  from  the  date  of  such  decision  by 
the  state  engineer  and  shall  be  perfected  when  the  applicant  shall  have  flletl 
in  the  office  of  the  board  a  copy  of  the  order  appealed  from,  together  with  a 
petition  setting  forth  the  appellant's  reason  for  appeal,  and  such  appeal  shall 
be  heard  and  determined  upon  such  competent  proofs  as  shall  be  adduced  by 
the  applicant  and  such  like  proofs  as  shall  be  adduced  by  the  state  engineer. 
The  state  engineer  shall  not  sit  as  a  member  of  the  board  on  such  appeal. 

Sec  53.  Water-right  certifieate, — Upon  It  being  made  to  appear  to  the 
satisfaction  of  the  board  of  control  that  any  appropriation  has  been  perfecte<l 
in  accordance  with  the  provisions  of  this  act.  It  shall  be  the  duty  of  the  board 
of  control  to  issue  to  the  applicant  a  certificate  of  the  same  character  as  that 
described  In  section  25.  Said  certificate  shall  be  recorded  and  transmitted  to 
the  applicant,  as  provided  In  said  section.  Certificates  Issued  for  rights  to  the 
«»e  of  water  for  power  development  acquired  under  the  provisions  of  this  act 
shall  limit  the  right  or  franchise  to  a  period  of  forty  years  from  date  of 
application,  subject  to  a  preference  right  of  renewal  under  the  laws  existing  at 
the  date  of  expiration  of  such  franchise  or  right. 

Sec.  54.  Date  of  right, — The  right  acquired  by  such  appropriation  shall 
date  from  the  filing  of  the  application  In  the  office  of  the  state  engineer. 

Sec  55.  Head-gate,  maintenanee  of. — The  owner  or  owners  of  any  ditch  or 
canal  shall  maintain,  to  the  satisfaction  of  the  division  superintendent  of  the 
division  In  which  the  Irrigation  works  are  located,  a  substantial  head-gate  at 
the  point  where  the  water  Is  diverted,  which  shall  be  of  such  construction  that 
it  can  be  locked  and  kept  closed  by  the  water  master ;  and  such  owners  shall 
construct  and  maintain,  when  required  by  the  division  superintendent,  suitable 
measuring  devices  at  such  points  along  such  ditch  as  may  be  necessary  for  the 
purpose  of  assisting  the  water  master  In  determining  the  amount  of  water 
that  is  to  be  diverted  Into  said  ditch  from  the  stream  or  taken  from  It  by  the 
various  users.  Any  and  every  owner  or  manager  of  a  reservoir  located  across 
or  upon  the  bed  of  a  natural  stream  shall  be  required  to  construct  and  maintain, 
when  required  by  the  division  superintendent,  a  measuring  device  of  a  plan 
to  be  approved  by  the  state  engineer,  below  such  reservoir,  and  a  measuring 
device  above  such  reservoir  on  each  or  every  stream  or  source  of  supply  dis- 
charging Into  such  reser\olr  for  the  purpose  of  assisting  the  water  master  or 
superintendent  in  determining  the  amount  of  water  to  which  proprietors  are 
entitled  and  thereafter  diverting  it  for  such  appropriators*  use.  When  It  may 
he  necessarj'  for  the  protection  of  other  water  users,  the  division  superintendent 
niay  require  flumes  to  be  Installed  along  the  line  of  any  ditch.  If  any  such 
owner  or  owners  of  Irrigation  works  dhall  refuse  or  neglect  to  construct  and 
put  In  such  head-gates,  flumes,  or  measuring  devices  after  ten  days'  notice,  the 
division  superintendent  may  close  such  ditch,  and  the  same  shall  not  be  oi)ened 
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or  any  water  (livorttnl  from  the  si^urcH'  of  supply,  under  the  penalti«»s  pre»-ribf<l 
by  law  for  the  o|K»ninj:  of  hwid-jrutes  hiwfully  closed,  until  the  rwiniremeui^ 
of  the  division  superintendent  as  to  such  head-jrate,  flumes,  or  measuring  devic'e 
have  been  complied  with,  and  if  any  owner  or  manager  of  a  reservoir  located 
across  the  i>ed  of  a  natural  str«jm  shall  neglect  or  refuse  to  put  in  such  measur- 
ing device  after  ten  days'  notice  by  the  division  superintendent,  such  super- 
intendent may  open  the  sluice  gate  or  outlet  of  such  reservoir  and  the  same  shall 
not  be  closed,  under  i>enalties  of  tlie  law  for  changing  or  interfering  with  head- 
gates,  until  the  requirements  of  the  division  sui)erintendent  as  to  such  ineasurias 
devices  are  compli(Ml  with. 

Sec.  05.  ^^'atrr  aiiimrtmant  tn  land  for  irrigatum  purpnsea. — All  water  usetl 
in  this  State  for  irrigjition  pur])oses  shall  remain  appurtenant  to  the  land  u|»nn 
which  it  is  used :  /'/oriV/cf/.  That  if  for  any  reason  it  should  at  any  time  be<!<>iii»^ 
impracticable  to  beneficially  or  economically  use  water  for  the  irrigation  of  any 
land  to  which  the  water  is  aj)purtenant.  sjiid  right  may  be  severed  from  said 
land,  and  sinmltaneonsly  transferred  and  become  appurtenant  to  other  land, 
without  losing  priority  of  right  theretofore  established,  if  such  change  can  iw 
made  without  detriment  to  existing  rights,  on  the  approval  of  an  application  of 
the  owner  to  the  board  of  control.  Before  the  approval  of  such  transfer  an 
insi)ection  sh-ill  be  made  by  the  proffer  division  sui>erintendent,  who  shall  sul>- 
mit  his  rei>ort  to  the  board  of  control,  wliereuix)n,  by  order,  the  board  shall 
approve  or  disapprove  such  transfer  and  prescribe  the  conditions  therefor. 
Such  order  shall  be  subject  to  appeal  as  in  this  act  provided. 

Sfx.  <U].  Unlnirful  use  nf  iniirr  and  ira.str. — The  unauthorized  use  of  water 
to  which  another  person  is  entitle*!  or  the  willful  waste  of  water  to  the  detri- 
nu'ut  of  another  shall  be  a  mls<Iemeanor.  and  the  possession  or  use  of  such 
water  without  legal  right  shall  be  prima  facie  evidence  of  the  guilt  of  the 
person  using  it.  It  shall  also  be  a  misdemeanor  to  use,  store,  or  divert  any 
water  until  after  the  Issuance  of  i>ermit  to  appropriate  such  waters. 

Skc.  r»7.  Ohstructinp  trorJxfi. — Whenever  any  appropriator  of  water  has  tht* 
lawful  right  of  way  for  the  storage,  diversion,  or  carriage  of  water,  it  shall  W 
unlawful  to  place  or  maintain  any  obstructi<m  that  shall  interfere  with  the  use 
of  the  works  or  prevent  comenient  access  thereto.  Any  vio'lation  of  the  pro- 
\isions  of  this  section  shall  be  a  misdemeanor. 

Skc.  70.  Vested  htjhtfi  presirvfd. — 1.  Nothing  in  this  act  contained  shall 
impair  the  vested  right  of  any  person.  asscK'iation.  or  corporation  to  the  vi^' 
of  water. 

2.  Actual  ajiplication  of  water  to  beneficial  use  prior  to  the  passage  of  this 
act  by  or  under  authority  of  any  riparian  proprietor,  or  l)y  or  under  autliority 
of  his  or  its  predecessors  in  interest,  shall  be  deemed  to  create  in  such  riparian 
proprietor  a  vested  right  to  the  extent  of  the  actual  ai)plication  to  beneticinl 
use.  provided  such  use  has  not  been  abandontnl  for  a  continuous  period  of  two 
years. 

8.  And  where  any  riparian  proprietor  or,  under  authority  of  any  riparian 
proju'ietor  or  his  or  its  predecessors  in  interest,  any  person  or  cori)oratlon  shall, 
at  the  time  this  act  is  tiled  in  the  otiiee  of  the  secretary  (»f  state,  l>e  engajred 
in  good  faith  in  the  construction  of  works  for  the  application  of  water  to  a 
beneficial  use.  the  right  to  take  and  us(»  such  water  shall  be  deemed  vested  in 
such  riparian  proprietor:  Prorided.  Such  works  shall  be  completed  and  said 
water  devoted  to  a  beneficial  use  within  a  reasonable  time  after  the  passage 
of  this  act.  The  board  of  control.  In  the  manner  hereinafter  provided,  shall 
have  power  and  authority  to  determine  the  time  within  which  such  water  shall 
be  devoted   to  a  beneficial   use.     The  right   to   water  shall   be  limited  to  the 
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quantity  actually  aiiplled  to  a  beneficial  use  wltliln  tlie  time  so  fixed  by  the 
iMtard  of  control. 

4.  Nor  shall  anything  in  this  act  contained  affect  relative  priorities  to  the 
use  of  water  between  or  among  parties  to  any  decree  of  the  courts  rendered  In 
causes  determined  or  pending  prior  to  the  taking  effect  of  this  act. 

5.  Nor  shall  the  right  of  any  person,  association,  or  corporation,  to  take  and 
nse  water  be  impaired  or  affecte<l  by  any  of  the  provisions  of  this  act  where 
appropriations  have  been  initiated  prior  to  the  filing  of  this  act  in  the  office  of 
the  secretary  of  state,  and  such  appropriators,  their  heirs,  successors,  or 
assigns,  shall,  in  good  faith  and  in  compliance  with  laws  existing  at  the  time 
of  filing  this  act  in  the  office  of  the  swretary  of  state,  commence  the  construc- 
tion of  works  for  the  application  of  tlie  water  so  appropriated  to  a  beneficial 
use.  and  thereafter  prosecute  such  work  diligently  and  continuously  to  com- 
pletion, but  all  such  rights  shall  l)e  adjudicated  in  the  manner  provided  in  this 
act. 

6.  The  board  of  control  shall  have  authority,  and  shall  for  good  cause,  shown 
upon  the  application  of  any  approprlator  or  user  of  water  under  an  appropria- 
tion of  water  made  prior  to  the  passage  of  this  act,  or  in  the  cases  mentioned 
in  subdivisions  3  and  5  of  this  sec^tion,  where  actual  construction  work  has  bec»n 
commenced  prior  to  said  time  or  within  the  time  provided  in  law  existing  at 
the  time  of  filluff  this  act  In  the  office  of  the  secretary  of  state,  to  prescribe 
the  time  within  which  the  full  amount  of  the  water  appropriated  shall  be 
applied  to  a  beneficial  use,  and  in  determining  said  time  shall  grant  a  reason- 
able time  after  the  construction  of  the  works,  or  canal,  or  ditch,  used  for  the 
diversion  of  th^  water,  and  In  so  doing  shall  take  into  consideration  the  cost 
of  the  appropriation  and  application  of  such  water  to  a  beneficial  purpose,  the 
pood  faith  of  the  approprlator,  the  market  for  water  or  power  to  be  supplied, 
the  present  demands  therefor,  and  the  income  or  use  that  may  be  required  to 
provide  fair  and  reastmable  returns  ui)on  the  Investment.  V\Kiu  making  such 
order  the  board  of  control  shall  direct  the  state  engineer  to  issue  a  certificate 
showing  such  determination.  For  good  cause  shown  the  board  of  control  may 
extend  the  time  by  granting  further  certificates. 

7.  And  where  appropriations  of  water  heretofore  attempted  have  been  under- 
taken In  good  faith,  and  the  work  of  construction  or  improvement  thereunder 
has  been  in  good  faith  commenced  and  diligently  prosecuted,  such  appropria- 
tions shall  not  be  set  aside  or  avoided,  in  proceedings  under  this  act,  because 
of  any  irregularity  or  insufficiency  of  the  notice  by  law,  or  in  the  manner  of 
|K)sting,  recording,  or  publication  thereof. 

8.  All  rights  granted  or  declared  by  this  act  shall  be  adjudicated  and  deter- 
mined in  the  manner  and  by  the  tribunals  as  provided  In  this  act.  This  act 
shall  not  be  held  to  bestow  ui)on  any  i)erson,  association,  or  corporation,  any 
riparian  rights  where  no  such  rights  existed  prior  to  the  time  this  act  takes 
effect. 

Sec.  72.  Eminent  domain. — ^The  United  States,  the  State,  or  any  person,  for- 
eign or  domestic  coriH)ration,  or  association  may  exercise  the  right  of  eminent 
domain  to  acquire  for  a  public  use  any  proi>erty  or  rights  now  or  hereafter 
existing  when  found  necessary  for  the  application  of  water  to  beneficial  uses, 
including  the  right  to  enlarge  existing  structures  and  use  the  same  in  common 
with  the  former  owner.  Any  right  of  way  so  acquired  shall  be  so  located  as 
to  do  the  least  damage  to  private  or  public  property,  consistent  with  proper 
and  economical  engineering  construction.  Such  property  or  rights  may  be 
acquiretl  In  the  manner  provided  by  law  for  the  taking  of  private  property  for 
pubUc  use. 
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The  right  to  conduct  water  from  or  over  the  land  of  another  for  any  public 
use,  including  the  right  to  raise  any  water  l)y  means  of  dams,  reservoirs,  «>r 
embankments  to  a  sufflcleut  height  to  make  the  same  available  for  the  use 
intended,  and  the  right  to  any  and  all  land  necessary  therefor,  may  be  acqulrcHl 
upon  payment  of  Just  compensation  in  the  manner  provided  by  law  for  the 
taking  of  private  property  for  public  use. 

The  law  providing  for  granting  franchises  of  water  power  in  the 
State  of  Oregon  is  as  follows : " 

An  act  providing  for  granting  franchises  of  water  i)ow"r  by  the  State,  and 

collecting  fees  therefor. 

lie  it  rnartrd  hy  the  people  of  the  State  of  Oregon: 

Skction  1.  All  water  within  the  State  from  all  sources  of  water  supply 
l>elong  to  the  public. 

Sec.  2.  That  every  person,  firm,  or  corporation,  except  municipal  coriwratlons 
(hereinafter  called  the  approprlator),  who  shall  appropriate  water  after  the 
passage  of  this  act  for  the  purpose  of  api)lying  the  same  to  the  development 
of  power  shall,  during  the  life  of  such  appropriation  as  fixed  herein,  pay  to  the 
State  of  Oregon  not  less  than  25  cents  or  more  than  $2  i)er  qnnum  In  advance, 
on  or  before  the  2d  day  of  January  of  each  year,  for  each  and  every  horse- 
power represented  by  the  said  api>ropriation.  The  amount  of  the  payment  shall 
l)e  determineil  by  the  board  of  control  and  adjusted  from  time  to  time,  based 
upon  the  percentage  of  power  appropriated  which  is  put  to  beneficial  use. 
For  the  purpose  of  this  act  a  horsepower  is  hereby  defined  to  Be  550  pounds' of 
water  per  second  of  time  for  each  foot  of  available  fall. 

Sec.  3.  The  approprlator  shall  pay  to  the  board  of  control  the  fees  required 
by  section  2  of  this  act,  proportionate  to  the  remainder  of  the  current  year,  and 
no  appropriation  of  water  for  power  purposes  shall  be  deemed  complete  until 
such  payment  of  fees  Is  made.  Innnedlately  upon  the  receipt  of  such  fees  the 
board  of  control  shall  pay  them  over  to  the  state  treasurer,  taking  his  r€»ceipt 
therefor,  who  shall  place  the  same  in  the  general  fund  of  the  state  treasury. 
On  or  before  the  2d  day  of  January  of  each  year  thereafter  every  approprlator 
of  water  for  power  purposes  shall  forward  to  the  board  of  control  the  fees 
provided  for  in  section  2  of  this  act. 

Sec.  4.  Upon  the  completion  of  the  appropriation  of  water  for  power  pur- 
poses, as  now  or  hereafter  provided'  by  law,  and  compliance  with  the  provi- 
sions of  this  act,  the  approprlator  thereof  shall  own  and  enjoy  all  of  the  usee 
thereof  so  long  as  he  pays  the  annual  fees  therefor  herein  required,  for  a 
term  not  exceeding  forty  years  from  the  date  of  appropriation,  and  shall  have 
a  i)reference  right  to  reappropriate  such  water  under  such  conditions  as  may 
be  prescribed  by  law  at  the  expiration  of  such  term  of  years  provided  all  fees 
have  been  paid.  If  any  approprlator  shall  fail  to  pay  any  annual  fee,  or 
shall  fail  or  refuse  to  renew  the  appropriation  at  its  expiration,  the  State  shall 
have  a  preference  Hen  therefor  prior  to  all  other  liens  or  claims,  except  for 
taxes,  upon  the  Improvements  of  the  approprlator  for  developing  and  applying 
such  appropriation  of  water  and  the  real  estate  upon  which  the  same  are  located, 
iind  upon  notice  from  the  board  of  control  the  attorney-general  shall  proceed  to 
foreclose  the  lien  and  collect  any  unpaid  fees  in  the  same  manner  as  other 
liens  on  real  proi>erty  are  foreclosed,  and  the  water  shall  be  again  subject  to 
appropriation. 
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Sec.  5.  Any  person,  firm,  or  corporation  who  believes  himself  or  itself  injured 
in  any  material  right  by  any  decision  of  the  board  of  control  shall  have  the 
right  of  appeal  from  such  decision  to  the  circuit  court  for  the  county  in  which 
the  proposed  appropriation  of  water  is  situated. 

Sec.  6.  In  case  the  board  of  control  is  not  created  by  law  with  power  to 
supervise  the  appropriation,  distribution,  and  use  of  the  water  of  the  State,  then 
the  duties  imposed  upon  the  board  of  control  as  prescribed  by  this  act  shall 
devolve  ui>on  and  be  assumed  by  the  state  engineer. 

Filed  in  the  office  of  the  secretary  of  state  February  24,  1909. 

OTHEB  STATES. 

Several  other  States  of  the  Union  have  passed  water  laws  which 
govern,  in  greater  or  less  degree,  the  development  of  water  power. 
AVyoming  was  the  first  State  to  enact  a  code  of  water  laws,  and  Ne- 
braska, Idaho,  Utah,  Nevada,  North  and  South  Dakota,  Oklahoma, 
and  New  Mexico  have  laws  that  differ  slightly  but  have  the  same 
purport.  It  will  be  unnecessary  to  review  them,  because  the  Oregon 
law,  which  is  the  latest,  has  already  been  quoted  extensively. 

CONCLUSIONS. 

The  water  powers  of  fliis  country  have  a  higher  ultimate  signifi- 
cance than  is  generally  conceded  to  them.  They  are  certain  to  have  a 
dominating  effect  upon  the  material  progress  and  integrity  of  this 
Republic.  In  the  Old  World  it  has  been  decided  to  be  a  proper  func- 
tion of  the  Government  to  declare  water  powers  of  public  utility 
and  to  place  them  under  appropriate  laws,  the  assumption  being  that 
the  public  has  a  dominant  interest  in  the  development  of  this  great 
natural  resource. 

No  one  can  safely  predict  the  final  form  of  laws  to  be  enacted  to 
this  end.  Whether  they  will  lead  to  government  ownership  and  con- 
trol and  whether,  in  this  country,  the  State  or  the  National  Govern- 
ment shall  control  are  matters  for  the  future  to  determine.  Our 
present  forni  of  government  may  prove  to  be  all-sufBcient  in  this  re- 
spect. At  least  three  European  countries  have  found  it  necessary  to 
make  water  power  a  national  matter.  This  report  is  not  to  be  con- 
sidered as  a  plea  for  nationalization.  The  American  author,  at  any 
rate,  does  not  at  present  support  that  view,  but  he  is  impressed  with 
the  fact  that  necessit}^,  and  not  legal  precedent,  must  eventually  direct 
the  course  of  procedure.  It  can  hardly  be  expected  that  when  the 
necessity  arrives  it  will  be  readily  recognized  and  accepted.  Accept- 
ance will  be  postponed,  at  enormous  cost,  until  the  people  can  secure 
a  clear  vision  above  the  mist  of  legal  precedents.  The  great  difficulty 
will  not  be  to  regulate  water-power  development  and  operation,  but 
to  convince  the  people  that  such  regulation  is  necessary  even  though 
it  may  involve  a  change  in  our  laws  and  our  habits  of  thought. 
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The  power  sites  of  the  West  that  are  still  in  federal  ownership 
present  a  suitable  opportunity  for  the  initiation  of  policies  similar 
to  those  that  have  been  found  necessary  in  older  countries.  That  the 
President  of  the  United  States  appreciates  this  opportunity  is  indi- 
cated by  the  following  extract  from  a  special  message  on  the  con- 
servation of  natural  resources,  transmitted  to  the  two  Houses  of 
Congress  January  14, 1910: 

With  respect  to  the  public  land  which  lies  along  the  streams  offering  oppor- 
tunl5^  to  convert  water  power  Into  transmissible  electricity,  another  important 
phase  of  the  public-land  question  is  presented.  There  are  valuable  water- 
power  sites  through  all  the  public-land  States.  The  opinion  Is  held  that  the 
transfer  of  sovereignty  from  the  Federal  Government  to  the  territorial  govern- 
ments as  they  become  States  include  the  water  power  in  the  rivers,  except  so 
far  as  that  owned  by  riparian  proprietors.  I  do  not  think  it  necessary  to  go 
into  a  discussion  of  this  somewhat  mooted  question  of  law.  It  seems  to  me 
sufficient  to  say  that  the  man  who  owns  and  controls  the  land  along  the  stream 
from  which  the  power  Is  to  be  converted  and  transmitted  owns  land  which  Is 
indi8i>ensable  to  the  conversion  and  use  of  that  iwwer.  I  can  not  conceive  bow 
the  power  in  streams  flowing  through  public  lands  can  be  made  available  at 
all  except  by  using  the  land  itself  as  the  site  for  the  construction  of  the  plant 
by  which  the  power  is  generated  and  converted  and  securing  a  right  of  way 
thereover  for  transmission  lines.  Under  these  conditions,  if  the  Government 
owns  the  adjacent  land — indeed,  if  the  Government  is  the  riparian  owner — It 
may  control  the  use  of  the  water  i)ower  by  Imposing  proi)er  conditions  on  the 
disposition  of  the  land  necessary  in  the  creation  and  utilization  of  the  water 
power. 

The  development  in  electrical  appliances  for  the  conversion  of  the  water 
power  into  electricity  to  be  transmitted  long  distances  has  progressed  so  far 
that  it  is  no  longer  problematical,  but  it  Is  a  certain  inference  that  in  the 
future  the  power  of  the  water  falling  in  the  streams  to  a  large  extent  will 
take  the  place  of  natural  fuels.  In  the  disposition  of  the  domain  already 
granted,  many  water-power  sites  have  come  under  absolute  ownership,  and 
may  drift  Into  one  ownership,  so  that  all  the  water  power  under  private  owner- 
ship shall  be  a  monopoly.  If,  however,  the  water-power  sites  now  owned  by 
the  Government — and  there  are  enough  of  them — shall  be  dlsi)osed  of  to  private 
persons  for  the  Investment  of  their  capital  In  such  a  way  as  to  prevent  their 
union  for  purposes  of  monopoly  with  other  water-power  sites,  and  under  condi- 
tions that  shall  limit  the  right  of  use  to  not  exceeding  fifty  years,  with  proi)er 
means  for  determining  a  reasonable  graduated  rental,  and  with  some  equitable 
provision  for  fixing  terms  of  renewal.  It  would  seem  entirely  possible  to  prevent 
the  absori)tion  of  these  most  useful  lands  by  a  iK)wer  monopoly.  As  long  as 
the  Government  retains  control  and  can  pi*event  their  Improper  union  with 
other  plants,  competition  must  be  maintained  and  prices  kept  reasonable. 
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THE  QUALITY  OF  THE  SURFACE  WATERS  OF  ILLINOIS. 


By  W.  D.  Collins. 


INTRODUCTION. 

OUTLINE   OP   REPORT. 

This  report  furnishes  the  means  of  stating  with  fair  accuracy  the 
quality  of  water  which  may  be  found  at  any  point  along  the  larger 
streams  within  or  bordering  the  State  of  Illinois.  It  also  includes 
some  explanation  of  the  variations  in  the  quality  of  the  water  at 
different  times  and  places.  The  natural  and  economic  features 
which  determine  the  character  of  the  streams  are  considered  in  a 
general  way.  The  larger  drainage  divisions  are  described  briefly. 
A  short  account  of  the  distribution  of  population  and  principal  Indus- 
trie of  the  State  shows  how  these  are  affected  by  the  streams  and 
how  they  influence  the  quality  of  water  in  the  streams.  Methods  of 
collecting  and  analyzing  samples  of  water  are  described.  The  sur- 
face waters  of  the  State  were  represented  by  samples  taken  at  27 
different  points.  Each  river  is  discussed  in  detail  with  reference  to 
its  source,  course,  discharge,  and  quality  of  water.  The  cities  located 
on  it  are  considered  with  reference  to  their  use  of  and  their  effect  on 
the  water.  Short  chapters  on  municipal  supplies  and  industrial 
uses  of  water  save  needless  repetition  in  discussing  the  value  of  the 
water  of  each  river.  It  is  shown  that  the  only  large  supplies  of  water 
in  the  State  are  surface  waters.  Nearly  all  the  surface  waters  are 
so  polluted  as  to  be  unfit  for  domestic  use  without  purification. 
They  usually  contain  such  dissolved  mineral  matter  and  so  much 
suspended  material  as  to  be  unsuitable  for  many  manufacturing 
purposes,  but  by  proper  treatment  they  may  be  rendered  safe  for 
drinking  and  suitable  for  all  industrial  uses.  The  proper  purification 
of  surface  waters  is  in  the  greater  part  of  the  State  the  only  way  to 
obtain  a  large  supply  of  satisfactory  water.  If  in  some  way  the  flow 
of  all  streams  might  be  regulated  and  kept  more  uniform,  the  increased 
uniformity  in  quality  of  the  water  would  make  much  easier  the  prob- 
lem of  proper  treatment. 

The  average  amount  of  water  used  each  day  in  cities  of  the  United 
States  varies  from  50  to  150  gallons  per  capita.  Of  this  the  amount 
used  for  drinking  is  not  much  over  one-half  gallon.     It  is  of  the 
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greatest  importance  that  this  one-half  gallon  shall  be  free  from  the 
germs  of  disease,  notably  typhoid  fever,  and  shall  be  reasonably 
clear  and  reasonably  free  from  taste.  This  is  all  that  is  required  to 
make  this  one-half  gallon  a  satisfactory  water.  For  many  uses,  as 
sprinkling  streets,  flushing  sewers,  etc.,  almost  nothing  is  required  in 
the  way  of  purity.  There  is  left  for  consideration  a  large  number  of 
other  uses  in  which  the  value  of  the  water  depends  on  the  amount 
and  kind  of  mineral  matter  it  contains.  For  use  in  laundries,  in 
steam  boilers,  in  textile  works,  and  for  the  same  kind  of  work  at 
home,  the  best  water  is  one  which  is  clear,  is  free  from  iron,  and  con- 
tains only  a  moderate  amount  of  other  mineral  matter. 

NEED  OF   INVESTIGATION. 

In  time  past  the  attention  of  those  concerned  with  the  quality  of 
water  has  been  directed  very  largely  to  the  question  of  its  fitness  for 
drinking,  but  within  the  last  few  years  corporations  and  communi- 
ties have  awakened  to  a  realization  of  the  great  waste  occasioned  by 
the  industrial  use  of  unsuitable  waters.  The  railroads  of  the  country 
are  spending  thousands  of  dollars  every  year  in  treating  their  boiler- 
feed  waters  so  as  to  render  them  less  injurious  to  their  boilers,  the 
money  thus  spent  being  saved  many  times  over  in  decreased  cost  of 
repairs  and  increased  life  of  locomotive  boilers.  Many  laundries  find 
it  profitable  to  install  expensive  apparatus  for  softening  water,  rather 
rather  soften  it  with  soap.  Water  must  be  purified  for  use  in  many 
woolen  mills,  breweries,  and  other  establishments,  while  in  some 
cities  the  whole  city  supply  is  softened. 

In  planning  a  waterworks  system  for  home,  factory,  or  munici- 
pality, it  is  not  enough  to  know  whether  the  water  is  safe  for  drinking. 
To  determine  the  best  water  for  all  purposes,  it  is  necessary  to  know 
the  amount  and  character  of  the  mineral  matter  it  contains.  With- 
out such  knowledge,  no  estimate  can  be  made  of  the  cost  of  purifying 
the  water  and  making  it  suitable  for  drinking  and  for  industrial 
uses.  For  most  well  waters  a  single  analysis  is  enough  to  give  a 
very  accurate  idea  of  the  water  which  may  be  found  in  a  given  well, 
but  the  quality  of  the  water  in  a  stream  varies  so  much  that  an  opinion 
based  on  the  results  of  an  examination  of  a  single  sample  of  water  from 
a  given  river  would  nearly  always  be  very  difTerent  from  an  opinion 
based  on  the  results  of  a  series  of  analyses,  where  the  samples  were 
taken  regularly  for  some  time. 

PREVIOUS    WORK. 

A  large  amount  of  work  had  been  done  on  the  quality  of  river 
waters  in  Illinois  before  the  beginning  of  this  report.  In  Water-Sup- 
ply Paper  194"  M.  O.  Leigh  ton  has  given  a  digest  of  the  testimony 

a  Pollution  of  lUinolsand  Mississippi  rivers  by  Chicago  sewage:  Water-Supply  Paper  U.  S.  Oeol.  Survey 
No.  194, 1907. 
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in  the  suit  of  the  State  of  Missouri  against  the  State  of  Illmois  and 
the  sanitary  district  of  Chicago.  As  evidence  in  this  case,  results 
were  presented  from  several  thousand  analyses  of  samples  of  water 
from  Illinois  River  and  its  tributaries,  with  many  analyses  of  Mis- 
souri and  Mississippi  water.  The  analyses  made  at  that  time  were 
not  analyses  of  the  mineral  constituents,  but  were  mainly  determina- 
tions of  the  amounts  of  certain  substances  present  in  very  small 
quantities,  usually  less  than  1  per  cent  of  the  total  material  dissolved 
in  the  water.  These  results  merely  indicated  the  purity  of  the  water 
as  regards  sewage  contamination  and  have  little  value  for  deter- 
mining the  value  of  the  water  for  any  use  other  than  for  drinking. 

The  Illinois  State  Water  Survey,  organized  in  1895,  has  made  a 
great  many  analyses  of  Illinois  waters,  but  most  of  them  have  been 
for  the  purpose  of  determining  the  purity  of  waters  for  domestic 
use.  Many  analyses  of  the  mineral  content  of  waters  have  been 
made  by  the  State  Water  Survey,  but  these  are  mainly  of  well  waters. 

The  railroads  of  the  State  have  made  many  partial  analyses  of 
all  sorts  of  waters  in  their  efforts  to  obtain  for  locomotive  boilers 
those  that  are  least  injurious.  The  samples  of  the  river  waters  are 
selected  usually  at  random  or  in  the  driest  seasons.  Thus,  with  a 
very  large  number  of  partial  analyses  available,  it  was  not  possible 
to  learn  definitely  just  what  might  be  expected  in  the  way  of  water 
at  any  point  on  any  river  in  the  State. 

COOPERATIVE    WORK. 

As  part  of  an  investigation"  of  the  quality  of  surface  waters  in  the 
United  States,  the  waters  of  the  State  of  Illinois  were  studied  as  one 
unit.  A  cooperative  agreement  for  one  year  was  entered  into  July 
1, 1906,  between  the  United  States  Geological  Survey,  the  State  Water 
Survey  of  Illinois,  the  engineering  experiment  station  of  the  University 
of  Illinois,  and  the  State  Geological  Survey  of  Illinois.  This  agreement 
called  for  the  investigation  of  mineral  and  organic  constituents  of  the 
surface  and  ground  waters  of  the  State,  together  with  experimental 
work  on  the  action  of  waters  in  steam  boilers,  the  purification  of  waters 
for  industrial  and  domestic  use,  and  other  similar  problems.  Edward 
Bartow,  director  of  the  State  Water  Survey  of  Illinois,  was  desig- 
nated as  administrative  director  of  the  investigations  to  be  carried 
on  under  the  agreement.  The  writer  was  assigned  to  the  investiga- 
tion of  siurf ace  waters,  and  began  work  in  Illinois  July  16,  1906.  The 
points  for  the  collection  of  samples  had  already  been  decided  by 
the  board  of  control  of  the  cooperative  work,  consisting  of  M.  O. 
Leighton  for  the  United  States  Geological  Survey,  Edward  Bartow 
for  the  State  Water  Survey,  L.  P.  Breckenridge,  Arthur  N.  Talbot, 
and  Samuel  W.  Parr  for  the   engineering  experiment  station,  and 

•Dole,  R.  B.,  Quality  of  surface  waters  in  the  United  States,  Part  I:  Water-Supply  Paper  U.  8.  Geol 
ftWtfy  No.  236, 1900. 
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H.  Foster  Bain  for  the  State  Geological  Survey.  Arrangements 
were  made  at  once  for  the  collection  of  daily  samples  at  26  stations 
on  rivers  and  at  reservoirs,  Doctor  Bartow  engaging  collectors  at 
the  stations  in  the  northern  part  of  the  State  and  the  writer  arranging 
for  the  collections  on  the  rivers  in  the  central  and  southern  parts. 
Owing  to  lack  of  funds  the  United  States  Geological  Survey  was 
imable  to  renew  the  agreement  for  another  year,  so  that  the  analytical 
work  after  June  30,  1907,  was  carried  on  by  the  other  parties  to  the 
cooperation.  This  report  gives  the  results  of  analyses  of  these  sam- 
ples of  water,  together  with  such  other  material  as  is  necessary  to 
make  the  figures  of  value. 
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PHYSICAL.  FEATURES. 

TOPOGRAPHY. 

Illinois  is  a  flat  State.  It  is  the  lowest  of  the  North-Central  States, 
having  a  mean  elevation  of  600  feet,  whereas  that  of  neighboring 
States  is  from  700  to  1,100  feet.^  In  general,  it  slopes  from  north  to 
south,  with  no  pronounced  changes  in  elevation.  The  most  promi- 
nent ridge  in  the  State  is  the  Ozark  uplift,  in  the  southern  part  of  the 
State,  crossing  from  a  point  near  Shawneetown,  on  the  Ohio,  to  Grand 
Tower,  on  the  Mississippi.  This  strip  of  elevated  land,  hardly  10 
miles  wide,  stands  about  300  feet  above  the  neighboring  tracts.  The 
main  features  of  the  surface  over  the  greater  part  of  the  State  are  due 
to  the  deposits  of  material  left  by  the  glaciers  which  once  covered 
the  State  nearly  to  the  Ozark  uplift.  In  the  lower  portion,  as  far 
north  as  St.  Louis,  the  drift  is  so  thin  as  to  exert  little  influence  on  the 
streams,  but  in  the  region  north  from  St.  Louis  nearly  all  the  stream 
courses  are  through  this  glacial  drift.  The  elevations  in  this  section 
show  the  amount  of  cutting  which  has  been  done  by  the  streams. 

a  Palmer,  A.  W.,  Chemical  survey  of  the  waters  of  Illinois,  University  of  Illinois,  lfl04. 
b  Leverett,  Frank,  The  Illinois  glacial  lobe:  Mon.  U.  S.  Geol.  Survey,  vol.  38, 1899. 
c  Leverett,  Frank,  The  water  resources  of  Illinois:  Seventeenth  Ann.  Rept  U.  S.  QtoL  Barv«y,  pL  8, 
1806.  p.  703. 
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HYDROGRAPHY. 

Except  for  the  run-off  of  about  6,000  square  miles  in  Wisconsin 
and  about  3,000  square  miles  in  Indiana  and  water  from  Lake  Michi- 
gan equivalent  to  the  drainage  of  6,000  to  7,000  square  miles,  the 
riyers  of  Illinois  carry  only  water  precipitated  within  the  boundaries 
of  the  State.  Nearly  all  the  drainage  of  the  State  is  to  the  west  and 
south  into  Mississippi  River,  but  a  small  area  is  drained  by  streams 
flowing  to  the  southeast  into  Wabash  and  Ohio  rivers. 

Rock  River  drains  about  5,000  square  miles  in  Wisconsin  and  a 
somewhat  larger  area  in  the  northeastern  part  of  Illinois.  It  dis- 
charges into  the  Mississippi  at  Rock  Island. 

lUinois  River  has  the  largest  drainage  basin  in  the  State.  The  Chi- 
cago drainage  canal  and  Desplaines,  Kankakee,  Fox,  Vermilion,  Macki- 
naw, Spoon,  and  Sangamon  rivers  all  discharge  into  the  Illinois, 
which  carries  into  the  Mississippi  at  Grafton  the  drainage  from  nearly 
half  the  State.     The  direct  drainage  into  the  Mississippi  is  small. 

Kaskaskia  and  Muddy  rivers  drain  the  western  half  of  the  area 
from  a  little  above  St.  Louis  to  the  Ozark  uplift. 

Cache  River  is  the  largest  stream  draining  the  area  below  the 
Ozark  ridge.  The  eastern  half  of  the  State,  as  far  north  as  Cham- 
paign County,  is  drained  into  the  Wabash  through  Vermilion, 
Embarrass,  and  Little  Wabash  rivers.  Each  of  these  streams  will 
be  considered  in  detail  as  regards  the  amount  of  flow,  the  quality  of 
the  water,  and  the  value  of  the  stream  as  a  source  of  supply.  Owing 
to  the  thorough  cultivation  of  the  land,  the  stream  flow  throughout 
the  State  is  highly  variable.  There  is  nearly  always  a  period  of  low 
water  in  the  heated  term,  when  the  evaporation  and  absorption  are 
greatest.  During  the  winter,  when  the  precipitation  is  light,  the 
streams  have  another  period  of  low  water.  The  greatest  floods  occur 
in  the  early  spring  with  the  thawing  of  the  ground,  melting  snow,  and 
heavy  rains.  There  is  often  a  later  flood  in  June  and  a  slight  rise 
above  the  normal  in  the  early  fall. 

CLIMATE. 

On  account  of  the  uniform  elevation  of  the  State,  the  climate  is 
very  largely  determined  by  the  latitude.  The  mean  annual  tempera- 
ture decreases  regularly  from  58°  at  Cairo  to  48°  at  Chicago.  The 
mean  temperature  at  Springfield  is  52°.  The  summers  are  hot  and 
the  winters  cold,  the  range  of  temperature  being  from  about  105°  to 
-20®  F.  The  average  annual  rainfall  is  36.5  inches.  For  the  south- 
em  section  the  average  is  39  inches,  for  the  central  district  36  inches, 
and  for  the  northern  district  34  inches.  The  period  from  August  1, 
1906,  to  July  31,  1907,  was  one  of  exceptional  rainfall,  the  average 
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for  the  State  being  44.2  inches,  7.7  inches  more  than  the  mean  annual 
rainfall.  In  every  month  of  this  period,  except  February,  the  rain- 
fail  in  the  State  was  nearly  equal  to  or  greater  than  the  average. 
Table  1  shows  the  average  temperature  and  rainfall  for  each  month 
of  the  period. 

Table  1. — Average  temperature  and  precipitation  Vn  Ill%noi$,  by  months,  August,  1906, 

to  July,  J907a 


Date. 


Tempentun. 


Average. 


Departure 
from  the 
mean  of  sev- 
eral years. 


Predpitatton. 


Average. 


Departure 
from  the 
mean  of  sev- 
eral years. 


1906. 

August 

September 

October 

November 

December 

1907. 

January 

February 

March 

AprU 

May 

June 

July 


*F. 
76.3 
70.8 
54.1 
40.4 
32.7 


31.1 
29.8 
47.9 
44.2 
66.7 
68.4 
75.7 


'F. 
+2.4 

+3.8 

-  .6 

-  .1 

+2.7 


+4.8 
+3.3 
+8.3 
-7.6 
-6.1 
-3.1 
.0 


Inehes. 
4.01 
5.10 
1.71 
3.91 
3.09 


5.69 
.55 
3.11 
2.76 
4.05 
4.47 
5.75 


Inehet. 
+a85 
+1.86 
-  .47 
+1.28 
+  .87 


+3.22 
-1.66 

-  .27 

-  .30 
+  .05 
+  .38 
+1.80 


+7.8  I 


44.20 


+7.70 


a  Monthly  Weather  Review.  U.  S.  Weather  Bureau. 


GEOLOGY. 


All  except  the  extreme  southern  part  of  Illinois  is  covered  by- 
glacial  drift.  This  mantle  varies  in  thickness  from  a  few  feet  at  the 
southern  extremity  to  about  200  feet  in  the  northern  part  of  the 
State.  It  is  made  up  of  clay,  gravel,  and  sand,  with  bowlders  and  in 
some  sections  layers  of  soil  buried  some  distance  below  the  surface. 
Alden,**  in  a  study  of  this  material  in  southern  Wisconsin,  made  many 
analyses  of  the  pebbles.  He  collected  from  50  to  200  pebbles  at 
random  in  a  given  region,  divided  them  into  groups  according  to 
the  different  kinds  of  rock  represented,  and  calculated  the  percentage 
of  each  kind.  In  nearly  every  lot  he  found  that  over  two-thirds  of 
the  pebbles  were  of  some  form  of  limestone  very  high  in  magnesium. 
With  the  exception  of  the  rapid  run-off  immediately  after  a  rain,  the 
greater  part  of  the  water  flowing  in  the  rivers  of  Illinois  has  come 
through  this  glacial  drift.  The  high  magnesium  content  of  the  drift 
would  account  for  the  fact  that  the  waters  flowing  in  these  streams 
contain  a  larger  proportion  of  magnesium  than  do  the  waters  of  many 
other  rivers. 


o  Alden,  W.  C.  The  Delavan  lobe  of  the  Lake  Michigan  Glacier:  Prof.  Paper  U.  S.  Geol.  Survey  No.  34, 
1904. 
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The  glacial  drift  is  a  source  of  water  supply  for  many  of  the  inhabit- 
ants of  Illinois.  Over  large  areas  in  the  north-central  part  of  the 
State  deep  wells  in  the  drift  furnish  an  abundant  supply  of  water. 
Beneath  the  drift  the  most  important  geologic  division  in  the  State 
is  the  Pennsylvanian  series.  This  contains  the  coal  which  makes  up 
so  large  a  part  of  the  natural  wealth  of  Illinois.  In  the  coal-bearing 
portions  of  the  State  there  is  very  little  underground  water.  Wells 
10  to  20  feet  deep  furnish  individual  supplies,  but  cities  have  to  rely 
on  reservoirs  which  impound  the  drainage  of  small  areas.  The  impor- 
tant water-bearing  rocks  are  too  deep  to  be  easily  reached,  and  where 
water  has  been  found  it  has  contained  so  much  dissolved  mineral  mat- 
ter that  it  has  proved  unsatisfactory. 

In  the  northern  part  of  the  State  two  water-bearing  formations  are 
available  as  sources  of  supply — the  St.  Peter  sandstone,  of  Ordovician 
age,  and  the  older,  deeper-lying  Potsdam  sandstone.  The  St.  Peter 
sandstone  appears  at  the  surface  in  southern  Wisconsin  and  dips 
rapidly  to  the  south.  It  is  a  porous  bed,  and  the  water  reaching  it  in 
southern  Wisconsin  is  absorbed  and  transmitted  southward.  Where 
not  drawn  on  too  heavily,  this  water  will  rise  nearly  to  the  surface  in 
Illinois  when  tapped  by  wells.  Wells  obtaining  water  from  the  St. 
Peter  sandstone  are  about  1,000  to  1,500  feet  deep,  those  farthest 
south  being  generally  the  deepest.  In  the  northern  part  of  the  State, 
at  depths  of  2,000  to  2,500  feet,  water  is  found  in  the  Potsdam  sand- 
stone, which  is  the  surface  rock  over  much  of  central  and  northern 
Wisconsin.  The  thickness  of  this  sandstone  is  not  known,  but  it 
furnishes  an  abundant  supply  of  water.  The  various  limestone 
deposits  between  the  St.  Peter  and  Potsdam  sandstones  and  above 
the  St.  Peter  sandstone  are  used  in  only  a  few  places  as  a  source  of 
water  supply.  As  the  Potsdam  and  St.  Peter  sandstones  appear  to 
be  shallow-water  or  shore  deposits  they  contain  varying  quantities 
of  salts,  so  that  in  some  places  the  waters  that  they  yield  are  briny. 
At  some  places  the  St.  Peter  sandstone  will  furnish  better  water, 
while  at  others  the  Potsdam  will  do  so. 

ECONOMIC  FEATURES. 

POPULATION. 

The  distribution  of  population  in  Illinois  is  largely  dependent  on 
the  surface  water  supplies.  At  the  time  of  the  census  of  manufac- 
tures in  Illinois  in  1905  all  but  1  of  11  cities  with  20,000  or  more 
inhabitants  were  situated  on  Lake  Michigan  or  on  some  of  the  larger 
rivers  of  the  State.  Of  21  cities  with  populations  between  8,000 
and  20,000  only  7  were  not  situated  on  a  large  river  or  the  lake. 
This  concentration  of  population  in  the  cities  located  on  streams 
and  the  lake  may  be  due  in  part  to  the  advantages  of  such  locations 
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in  the  way  of  cheap  transportation  and  power,  but  that  factor  can 
not  be  of  great  importance,  for  at  the  present  time  very  little  water 
power  is  utilized  in  the  State,  and  transportation  by  water  is  of 
importance  to  very  few  cities.  In  all  these  cities,  on  the  other 
hand,  a  large  amount  of  water  is  used  for  manufacturing  purposes, 
and  the  abundant  supply  available  in  such  locations  is  undoubtedly 
one  of  the  chief  causes  of  their  growth.  Supplies  of  water  from 
sources  other  than  rivers  and  lakes  are  usually  so  small  as  to  limit 
the  population  served  by  them  to  a  low  figure,  beyond  which  increase 
is  scarcely  possible.  This  fact  will  always  count  strongly  in  favor 
of  the  river  and  lake  cities  in  the  establishment  and  extension  of 
manufacturing  plants  and  the  increase  of  population  necessary  for 
conductifiig  them. 

AGRICULTURE. 

On  account  of  the  richness  of  the  soil  the  wealth  of  Illinois  is  very 
largely  derived  directly  or  indirectly  from  agricultural  pursuits.  The 
greater  part  of  the  State  is  covered  with  a  rich  black  loam,  which  is 
especially  well  suited  for  growing  com.  The  southern  part  of  the 
State  does  not  have  so  rich  a  soil  as  the  northern  and  central  parts  and 
produces  somewhat  more  varied  crops.  The  climate  is  favorable  for 
raising  cereals.  In  1900  Illinois  produced  nearly  70  per  cent  of  all 
the  com  grown  in  the  United  States,  7  per  cent  of  the  wheat,  and  22 
per  cent  of  the  oats.  This  excessive  production  of  com  accounts  in 
some  measure  for  the  extent  of  the  distilling  industry  in  the  State. 
The  magnitude  of  the  dairy  business  naturaUy  foUows  from  the  great 
fertiUty  of  the  soil.  Many  large  dairy  farms  are  necessary  to  supply 
Chicago  and  the  other  cities  with  milk  and  butter.  In  addition  to 
supplying  the  demand  within  the  State,  the  dairies  of  Illinois  produce 
large  quantities  of  butter  and  condensed  milk,  which  are  shipped  to 
many  different  points  in  the  United  States. 

MINES. 

In  addition  to  the  wealth  derived  from  the  ground  by  growing 
plants,  Illinois  has  a  large  store  of  mineral  wealth  under  the  ground 
in  the  form  of  coal,  with  smaller  amounts  of  oil  and  lead  and  zinc  ores 
and  large  amounts  of  undeveloped  material,  such  as  clays. 

Nearly  three-fourths  of  the  State  is  underlain  by  productive  coal 
measures.  The  working  of  the  coal  mines  has,  in  some  places,  a  very 
noticeable  effect  on  the  streams  draining  the  mining  regions.  The 
effect  of  the  mine  drainage  on  streams  in  Pennsylvania  has  been  care- 
fully studied  by  M.  O.  Leighton.^    In  Illinois  there  are  no  such  serious 

o  Quality  of  water  in  the  Susquehanna  River  drainage  basin:  Water-Supply  Paper  U.  S.  Qeol.  Survey 
No.  106, 1904. 
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changes  in  the  character  of  the  streams.  This  is  in  some  measure  due 
to  the  facts  that  the  mine  regions  of  the  State  have  less  complete 
systems  of  drainage  and  that  no  large  streams  from  outside  flow 
through  them.  The  effect  of  the  sulphuric  acid  from  the  mine  drain- 
age may  easily  be  seen  in  the  analyses  of  the  water  from  Muddy 
River  at  Murphysboro  (Table  37).  Here  the  value  of  the  SO4  radicle 
varies  from  24  to  186  part^  per  million  at  different  times  of  the  year. 
The  variation  in  the  value  of  the  SO4  radicle  in  the  water  of  the  Mis- 
sissippi at  Chester  was  from  36  to  81  parts.  The  great  variation  in 
the  character  of  the  water  coming  from  mining  regions  makes  such 
water  unsafe  to  use  in  steam  boilers  and  very  difficult  to  Ireat  for 
purification  either  for  drinking  or  for  boiler  use. 

A  large  amount  of  limestone  is  quarried  in  the  State.    This  industry 
has  no  effect  on  the  water  suppUes. 

Recently  large  amounts  of  oil  have  been  produced  in  the  south- 
eastern part  of  Illinois,  and  the  opening  of  the  oil  wells  has  had  the  • 
usual  effect  on  the  streams.  Similar  conditions  have  been  studied 
by  Bowman  *^  in  the  Indiana  oil  fields.  Embarrass  River,  which 
drains  the  oil  fields,  has  been  affected  by  the  salt  water  from  the 
weUs.  In  Indiana  some  streams  have  been  so  polluted  by  the  waste 
waters  from  oil  wells  that  they  have  been  abandoned  as  sources  of 
municipal  supply. 

MANUFACTURES. 

As  a  manufacturing  State  Illinois  has  many  great  advantages. 
Its  central  location  makes  easy  the  procuring  of  raw  materials  and 
the  distribution  of  manufactured  products.  The  transportation 
facilities  of  the  Great  Lakes  and  Mississippi  River  are  of  great  value. 
Additional  improvements  in  river  courses  may  in  time  greatly  in- 
crease the  ease  of  marketing  the  output  of  the  factories  of  the  State. 
Illinois  is  very  well  covered  by  railroads  which  furnish  transporta- 
tion for  raw  and  manufactured  materials.  The  railroads  are  so 
numerous  and  the  State  so  centrally  located  that  they  made  the 
manufacture  and  repair  of  cars  and  general  railroad-shop  construc- 
tion the  twelfth  industry  in  importance  in  the  State  at  the  census  of 
1905.  As  already  mentioned,  the  natural  wealth  of  the  soil  furnishes 
material  for  the  manufacture  of  liquors,  dairy  products,  and  a  small 
fraction  of  the  meat  products  of  the  State. 

The  largest  industry  in  Illinois  is  slaughtering  and  meat  packing. 
In  1905  Illinois  produced  one-third  the  total  value  of  meat  products 
of  the  United  States,  85  per  cent  of  this  amount  being  produced  in 
Chicago.     The  other  leading  cities  in  this  industry  were  Peoria  and 

a  Bowman,  Isaiah,  The  disposal  of  strawboard  and  oil-well  wastes:  Water-Supply  Paper  U.  S.  Qeol. 
Surrey  No.  113, 1006. 
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East  St.  Louis.  The  nuisance  resulting  from  the  slau^tering  in- 
dustiy  in  Chicago  was  a  large  factor  in  bringing  about  the  construc- 
tion of  the  Chicago  drainage  canal,  the  operation  of  which  has  had 
a  marked  effect  on  the  amount  and  quality  of  water  flowing  in 
Illinois  River. 

Next  in  importance  is  the  iron  and  steel  industry.  The  extensive 
supply  of  coal  makes  it  possible  to  take  advantage  of  the  ease  with 
which  iron  ore  can  be  procured  and  to  build  up  the  great  industrial 
centers  for  the  manufacture  of  iron  and  steel  products.  The  leading 
cities  in  this  industry  were  Chicago,  East  St.  Louis,  and  Joliet. 
Twentynseven  establishments  reported  the  use  of  334  steam  engines 
of  155,348  total  horsepower,  or  an  average  of  5,743  horsepower  for 
each  establishment.  To  furnish  feed  water  and  condenser  water 
for  over  5,000  horsepower  would  require  more  than  the  whole  supply 
of  many  small  cities  dependent  on  underground  waters.  Although 
there  are  several  other  requirements  that  might  be  important 
enough  to  be  determining  factors  in  the  location  of  such  plants,  the 
need  of  water  is  enough  in  itself,  and  in  Illinois  the  necessary  supply 
of  water  can  be  obtained  only  from  a  large  stream  or  lake. 

Foundry  and  machine-shop  products  are  next  in  value  to  the  iron 
and  steel  products.  The  establishments  are  located  in  about  the 
same  places  as  the  iron  and  steel  mills,  and  are  the  next  largest  users 
of  steam  power. 

The  next  industry  in  importance  is  the  manufacture  of  distilled 
and  malt  liquors.  Of  eleven  distilleries  in  the  State,  six  are  located 
in  Peoria.  These  six  produced  in  1905  nearly  78  per  cent  of  all  the 
distilled  liquors  produced  in  the  State  and  32  per  cent  of  the  total 
quantity  produced  in  the  United  States.  The  chief  product  is 
whisky,  made  from  com,  which  is  grown  in  great  abundance  through- 
out the  State.  The  manufacture  of  malt  liquors  is  not  so  concen- 
trated, extensive  establishments  being  located  in  most  of  the  large 
cities. 

The  waste  materials  from  distilleries  and  breweries  in  great  part 
find  their  way  finally  to  the  rivers.  In  some  places  they  are  dis- 
charged directly  into  the  streams;  in  others  they  are  fed  to  cattle  and 
thus  indirectly  furnish  a  large  amount  of  organic  matter  to  the 
streams. 

The  manufacture  of  clothing,  flour  and  gristmill  products,  agri- 
cultural implements,  railroad  cars,  furniture,  and  some  of  the  other 
more  important  products  is  less  influenced  by  and  has  less  influence 
on  the  waters  of  the  State. 
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SURFACE  WATER  SUPPLY. 

QUALITY  OF  WATERS. 

COLLECTION  OF   SAMPLES. 

In  accordance  with  the  plan  outlined  on  page  7  samples  of  water 
were  coUected  daily  from  17  rivers  and  reservoirs  at  27  different 
points  in  the  State.  These  points  of  collection  are  shown  on  the  map 
(PL  I).  Four-ounce  samples  were  taken  each  day  for  one  year,  be- 
ginning August  1;  1906,  except  at  Moline,  where  the  first  sample  was 
taken  February  1,  1907;  at  Marion,  where  none  were  taken  after 
March  20,  1907;  and  at  other  stations  where  collections  were  omitted 
for  brief  periods.  When  possible,  the  4-ounce  sample  bottles  were 
rinsed  several  times  and  filled  from  pumps  taking  water  from  the 
river  or  reservoir.  Where  there  was  no  pump  at  the  point  of  collec- 
tion, water  to  fill  the  bottles  was  dipped  from  near  the  surface,  or  else 
the  bottle  was  let  down  with  a  sinker  and  filled  some  distance  below 
the  surface.  The  last  method  would  give  the  most  accurate  sample 
if  the  bottle  were  filled  at  exactly  the  right  point  in  the  cross  section 
of  the  river,  but  the  samples  from  pumps  represented  the  water  actu- 
ally obtained  in  practice  and  the  kind  likely  to  be  obtained  by  other 
pumps.  The  4-ounce  samples  were  sent  each  day  to  the  laboratory 
of  the  Illinois  State  Water  Survey  at  Urbana.  A  label  on  the  bottle 
gave  the  date,  the  initials  of  the  collector,  the  name  of  the  station, 
and  (where  the  gage  height  was  obtainable)  the  stage  of  the  river. 

ANALYTICAL   METHODS. 

When  the  4-ounce  samples  were  received  in  the  laboratory,  all  from 
one  station  for  ten  days  were  united  in  a  half-gaUon  bottle.  After 
about  November  1  the  -samples  from  a  station  received  during  each 
third  of  a  month  were  united,  whether  there  were  more  or  less  than  10. 
This  made  all  the  composites  complete  for  the  same  periods  and  sim- 
plified the  handling  of  the  samples.  >  Determinations  were  made  on 
each  composite  sample,  as  follows: 

Turbidity  was  determined  with  the  Jackson  electric  turbidimeter 
for  values  over  100  parts  per  million.  For  values  between  100  parts 
and  50  parts  comparison  was  made  with  silica  standards  in  500  cubic 
centimeter  clear-glass  bottles.  For  values  below  50  parts,  the  stand- 
ards were  kept  in  bottles  of  the  same  kind  as  those  holding  the  com- 
posite samples. 

Suspended  matter  was  determined  by  filtering  from  100  to  500 
cubic  centimeters  through  an  asbestos  mat  in  a  porcelain  Gooch  cru- 
cible, drying  for  an  hour  at  180^,  and  weighing.  Some  of  the  samples 
contained  finely  divided  matter  which  could  not  be  removed  by  the 
asbestos  mat,  thus  giving  too  low  a  value  for  the  suspended  matter. 
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Dissolved  solids  were  obtained  by  weighing  the  residue  froJt 
evaporation  in  platinum  of  500  cubic  centimeters  of  filtered  ^wa,! 

Silica,  iron,  and  aluminum  were  separated  from  the  total    r-ci 
in  the  usual  maimer.    The  silica  was  weighed  and  volatilizod 
hydrofluoric  acid.    As  a  rule  the  iron  and  aluminum  precipitant^ 
dissolved  in  hydrochloric  acid  and  the  iron  determined  colorim^ 
ally  with  potassium  sulphocyanide  and  by  comparison  with    pe 
nent  standards. 

Calcium  and  magnesium  were  determined  in  half  the  filtrate  3 
the  iron  and  aluminum  precipitate.     The  calcium  was  precipit 
as  oxalate,  dissolved  in  sulphuric  acid,  and  titrated  hot  with  potaai 
permanganate.    Magnesium  was   precipitated  as   ammonium-D 
nesium  phosphate;  after   standing    overnight    the    precipitate 
washed  and  dissolved  in  dilute  nitric  acid.     This  solution  was  n) 
alkaline  to  methyl  orange  with  ammonia  and  nitric  acid  adde^ 
make  it  barely  acid.     Sodium  acetate  was  then  added  and  the  pi 
phoric  acid  titrated  with  uranium  nitrate,  with  potassium  ferro4 
nide  indicator.     In  some  of  the  early  analyses  the  addition  of  » 
phosphate  was  made  in  alkaline  solution.     These  precipitates  ir* 
have  contained  more  phosphate  radicle  than  the  amount  correspol 
ing  to  ammonium-magnesium  phosphate.     In  such  a  case  titrat(^ 
the  phosphoric  acid  would  give  too  high  a  value  for  the  magnesiu 

Sulphate  and  alkalies  were  determined  in  the  other  half  of  | 
filtrate  from  the  iron  and  aluminum  precipitate.  The  sulphate  w 
precipitated  and  weighed  as  barium  sulphate.  The  sodium  at 
potassium  were  weighed  as  chlorides  after  the  removal  of  magnesiui 
calcium,  and  barium  by  barium  hydroxide,  ammonium  hydroxid 
and  ammonium  carbonate.  Sodium  and  potassium  were  not  sepi 
rated. 

Nitrate  was  determined  by  the  phenol-sulphonic  acid  method. 

Chlorine  was  determined  by  evaporating  100  cubic  centimeto^ 
of  filtered  water  down  to  25  cubic  centimeters,  adding  potassiul 
chromate,  and  titrating  with  silver  nitrate  solution.  The  strengtf 
of  silver  nitrate  solution  was  such  that  1  cubic  centimeter  represented 
5  parts  per  milUon  of  chlorine. 

Carbonates  and  bicarbonates  were  determined  by  titration  wit|| 
fiftieth-normal  acid  potassium  sulphate  solution,  using  phenolphthaU 
ein  and  methyl  orange  indicators.  No  sample  during  the  first  two 
months  was  found  to  be  alkaline  to  phenolphthaiein,  so  its  use  waa  | 
discontinued  throughout  the  rest  of  the  year,  .cept  for  occasional! 
samples,  none  of  which  was  found  to  be  alkaline  to  phenolphthaiein.    | 

For  the  first  month  all  the  analytical  work  was  done  by  the  writer. 
After  that  time  assistance  was  furnished  by  the  State  Water  Survey.     | 
Until  April  1,  1907,  all  the  titrations  and  color  comparisons  and  most 
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of  the  weighings  were  made  by  the  writer.  Much  of  the  other  work 
was  done  by  assistants  without  much  knowledge  of  chemistry,  but 
with  considerable  skill  in  manipulation.  C.  K.  Calvert  conducted  the 
analytical  work  from  April  20, 1907,  till  the  completion  of  the  analyses 
of  the  samples  collected  July  31,  1907. 

BESULTS. 

The  results  of  the  analyses  are  given  in  Tables  19  to  45,  each  table  ' 
containing  all  the  analyses  for  one  station  with  the  averages  for  the 
year  and  average  gage  readings  for  stations  where  gages  were  main- 
tained. Table  46  contains  the  averages  for  the  year  for  all  the 
stations.  Plate  II  shows  graphically  the  composition  of  the  dry 
residue  from  the  evaporation  of  filtered  water  and  Plate  III  the  rela- 
tive amounts  of  dissolved  and  suspended  matter.  The  analytical 
results  are  expressed  as  radicles — that  is,  elements  or  combinations  of 
elements  which  take  part  in  chemical  reactions  as  if  they  were  ele- 
ments. Although  no  one  can  state  positively  how  these  radicles  are 
combined  in  the  water,  and  the  general  opinion  is  that  to  a  consider- 
able extent  they  are  imcombined,  nevertheless  the  metallic  or  basic 
radicles,  as  calcium,  magnesium,  and  sodium  must  be  present  in  quan- 
tities equivalent  to  the  total  quantity  of  acid  radicles — chlorine,  nitrate, 
sulphate,  and  bicarbonate  radicles.  In  a  careful  analysis  the  sum  of 
the  radicles  as  determined  minus  the  half-bound  carbonic  acid  will 
be  nearly  equal  to  the  weight  of  the  residue  at  180°  C.  On  account  of 
the  large  number  of  analyses  made  in  a  short  time  and  the  amount 
of  work  done  on  them  by  persons  who  were  not  chemists,  many  of 
the  analyses  when  completed  would  show  that  they  did  not  represent 
acciu^ately  the  character  of  the  water.  Many  analyses  were  not  com- 
plete on  accoimt  of  the  small  number  of  daily  samples  received  during 
the  ten-day  period.  The  omission  of  analyses  or  determinations  in 
the  tables  of  results  is  due  largely  to  failure  to  receive  the  samples, 
though  some  samples  were  lost  in  the  laboratory  and  a  few  determina- 
tions have  been  rejected  because  they  show  very  clearly  that  they  are 
erroneous. 

DETAILED  INVESTIGATIONS. 

LAKE   MICHIGAN. 

Drainage. — Lake  Michigan  receives  the  drainage  of  only  a  very 
small  portion  of  Illinois.  The  amount  of  water  carried  from  the  lake 
by  the  Chicago  drainage  canal  is  much  greater  than  that  received 
from  the  small  area  of  the  State  draining  into  the  lake.  The  greater 
part  of  the  drainage  into  the  lake  enters  from  Michigan  and  Wiscon- 
sin.    The  total  area  of  the  Lake  Michigan  drainage  basin  is  estimated 
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at  68,000  square  miles,  of  which  22,400  square  miles  isUake  area. 
Thus,  if  the  rainfall  were  uniform  over  the  whole  basin,  about  one- 
third  of  the  water  reaching  the  lake  would  be  pure  rain  water.  This 
would  cause  a  notable  dilution  of  the  water  fed  to  the  lake  by  streams 
emptying  into  it.  To  a  certain  extent  the  eflFect  of  this  dilution  is 
coimteracted  by  the  greater  evaporation  from  the  lake  surface  than 
from  the  surroimding  land. 

Municipal  supplies. — ^Along  the  shore  of  the  lake  are  situated  estab- 
Ushments  furnishing  over  one-half  the  manufactured  articles  pro- 
duced in  the  State.  Most  of  these  industries  are  located  in  Chicago, 
but  there  are  important  factories  at  Evanston,  Waukegan,  and  other 
cities  along  the  shore.  The  leading  position  of  Chicago  as  a  manu- 
facturing center  is  due  in  large  measure  to  her  excellent  railroad  facili- 
ties, but  the  lake  transportation  is  of  importance  to  certain  industries. 
Hardly  any  other  source  in  Illinois  would  supply  enough  water  for  the 
manufactories  bordering  the  lake,  and  no  other  source  could  offer  water 
of  so  good  a  quality  except  in  comparatively  small  quantity.  More 
water  is  used  from  Lake  Michigan  than  from  any  other  single  source 
in  Illinois.  The  cities  of  Chicago,  Evanston,  Fort  Sheridan,  Highland 
Park,  Lake  Forest,  North  Chicago,  Pullman,  Waukegan,  West 
Hammond,  and  Winnetka,  with  a  total  population  of  3,000,000,  draw 
their  mimicipal  suppUes  from  the  lake.  All  along  the  lake  front  there 
is  a  supply  of  underground  water  at  depths  of  1,000  to  2,000  feet,  but 
in  many  places  this  water,  while  safe  to  drink,  contains  so  much 
dissolved  mineral  matter  as  to  render  it  unfit  for  most  industrial 
uses.  This  deep-well  supply,  however,  is  not  sufficient  for  any  large 
community. 

Quality  of  water. — In  the  past  there  has  been  danger  in  the  use  of 
the  lake  water  for  drinking  because  the  intakes  were  too  near  the 
shore  and  sewage  was  allowed  to  flow  into  the  lake.  The  opening  of 
the  Chicago  drainage  canal  was  a  great  advance  in  keeping  the  water 
of  the  lake  pure,  and  there  is  now  a  steady  effort  to  prevent  pollution. 
As  the  lake  water  is  sufficient  for  any  community  and  is  almost  the 
best  water  available  in  the  State  for  industrial  uses,  it  naturally 
follows  that  all  the  cities  and  States  located  on  the  lake  have  a  vital 
interest  in  keeping  the  water  pure  enough  for  domestic  use. 

The  water  of  Lake  Michigan  has  been  so  carefully  studied  in  former 
years  that  no  analyses  were  made  for  this  report.  The  character  of 
the  lake  water  is  nearly  constant,  so  that  one  analysis  is  as  good  as  a 
large  number. 

Certain  determinations  were  made  on  the  Chicago  city  supply  for 
a  number  of  years  in  connection  with  work  on  the  Chicago  drainage 
canal.    Analyses  were  made  of  samples  collected  each  week  from 
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January  4,  1897,  to  December  26,  1900.     The  average  values  for 
dissolved  solids  and  chlorine  for  the  years  stated  were  as  follows:^ 

Table  2. — Partial  analy$es  of  Chicago  city  water  tupply. 
f  Parts  per  million.] 


Period. 

Dissolved 
solids. 

Chlorine. 

1897 

136.6 
137.6 
132.0 
132.2 
136.4 

2.9 

1808 

3.2 

1389 

3.1 

1900 

3.3 

M4yi-rVf4>Nu'3n,  im8 

2.1 

These  results  would  indicate  that  the  amount  of  mineral  matter  in 
the  water  of  Lake  Michigan  at  Chicago  does  not  vary  much  from  year 
to  year.  Below  is  given  an  analysis  by  Long  of  the  mineral  content 
of  the  lake  water: 

Analysis  of  Lake  Michigan  water, h 

Partsper 
million. 

SUicaCSiOj) 6.2 

Iron(Fe) 24 

Calcium  (Ca) 32 

Magnesium  (Mg) 11 

Sodium  and  potassium  (Na+K) 2. 3 

Carbonate  radicle  (CO3)  c 73 

Sulphate  radicle  (SOJ 7.2 

Chlorine  (CI) 2.3 

With  the  exception  of  certain  small  reservoirs,  no  supply  of  water 
in  the  State  contains  less  dissolved  mineral  matter  than  the  lake 
water.  Most  of  the  waters  used  in  the  State  contain  twice  as  much 
of  material  that  will  form  scale  in  steam  boilers,  and  nearly  all  are 
much  more  turbid  than  the  lake  water  as  delivered  to  the  consumers 
in  the  cities  where  it  is  used. 

BESEBVOmS. 

Distribution  and  use. — ^Throughout  the  greater  part  of  southern 
Illinois  there  is  no  abundant  supply  of  water.  Individual  needs  are 
met  by  shallow  wells,  which  are  liable  to  fail  in  dry  weather  and 
which  do  not  furnish  enough  water  for  large  communities.  In  this 
section  of  the  State  there  is  no  undei^ound  water  that  is  available 
and  suitable  for  domestic  and  industrial  use.  Thus  municipalities 
not  located  on  streams  of  good  size  have  been  compelled  to  obtain 

a  Long,  J.  H.,  Chemical  investigations  of  water  supplies  of  Illinois,  1888-89. 

f>  Long,  J.  H.,op.  cit.y  1885,  p.  7. 

c Probably  present  as  the  bicarbonate  radicle;  equivalent  to  148  parts  HCO|. 
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their  supplies  through  the  use  of  impounding  reservoirs.  Eleven 
cities,  with  a  population  of  26,000,  obtain  their  city  supplies  from 
such  reservoirs. 

Samples. — ^Through  the  kindness  of  R.  S.  Charles,  division  engineer 
of  the  Chicago  and  Eastern  lUinois  Railroad,  at  Salem,  111.,  arrange- 
ments were  made  for  the  collection  of  samples  from  reservoirs  used  as 
sources  of  locomotive  feed  water.  Collections  were  made  at  Cartter, 
Marion,  Cypress,  and  Joppa.  Some  difficulty  was  experienced  in 
obtaining  samples  regularly  from  Marion;  and  as  the  water  from 
Marion  was  much  the  same  as  that  from  the  other  three  reservoirs, 
collections  at  this  station  were  discontinued  after  March  20,  1907. 

Quality  of  vxUer, — Analyses  of  the  composite  samples  from  these 
four  reservoirs  are  given  in  Tables  19,  20,  21,  and  22.  All  four  furnish 
a  very  satisfactory  water  for  boiler  purposes.  The  greater  part  of 
the  time  they  contain  large  amounts  of  finely  divided  yellow  or  brown 
silt,  which  is  very  difficult  to  remove  by  any  method  of  filtration. 
This  is  the  same  material  that  is  found  in  the  water  from  Little 
Wabash,  Muddy,  and  Cache  rivers.  Marion  is  located  in  the  midst  of 
a  mining  section,  a  fact  that  probably  accounts  for  the  high  value  for 
sulphate  in  the  analysis  of  the  water  from  the  Marion  reservoir.  For 
use  in  boilers  or  in  any  place  where  the  color  and  turbidity  do  not 
detract  from  the  value  of  the  water,  the  water  from  the  reservoirs  at 
Cartter  and  Joppa  is  considerably  better  than  that  from  Lake  Michi- 
gan. These  natural  reservoirs  give  the  softest  water  obtainable  in 
the  State,  except  that  from  carefully  constructed  artificial  reservoirs. 

BOOK  BIVEB. 

Drainage. — Rock  River  rises  in  Wisconsin,  between  the  upper  Fox 
and  the  south  end  of  Lake  Winnebago,  and  flows  in  a  southwesterly 
direction  till  it  enters  the  Mississippi  near  Rock  Island.  The  length 
of  the  river  is  nearly  300  miles  and  the  drainage  area  approximately 
11,000  square  miles.  About  half  the  length  and  drainage  area  are  in 
Wisconsin.  In  the  upper  part  of  the  drainage  basin  there  are  numer- 
ous lakes  and  swamps,  which  tend  to  equaUze  the  discharge  of  the 
river  throughout  the  year.  Practically  all  of  the  course  of  the  river  is 
in  glacial  drift.  (See  p.  10.)  In  Illinois  the  banks  of  the  river  expose 
the  Silurian  and  Ordovician  formations  down  to  and  including  the 
St.  Peter  sandstone.  The  uniform  character  of  the  bed  makes  an 
even  distribution  of  fall  throughout  its  course.  From  its  source  to 
the  point  where  it  empties  into  the  Mississippi  there  is  a  fall  of  340 
feet,  making  an  average  slope  of  1.2  feet  to  the  mile.  The  greatest 
fall  in  Illinois  for  any  considerable  distance  is  from  Oregon  to  Sterling 
and  Rock  Falls,  a  distance  of  36  miles,  in  which  the  average  slope  is 
1.31  feet  to  the  mile.  In  Wisconsin  there  is  one  stretch  of  30  miles 
with  an  average  slope  of  1.9  feet  to  the  mile.  Locally  there  are  even 
higher  grades. 
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There  have  been  many  power  developments  along  the  river,  and 
some  of  the  power  is  utilized  at  the  present  time.  For  the  sake  of 
the  power  users,  the  flow  is  regulated  to  a  certain  extent  at  some  of 
the  lakes  in  Wisconsin.  The  discharge  of  Rock  River  has  been 
studied  at  various  points  in  order  to  determine  the  available  water 
power.  During  the  period  covered  by  the  analyses  in  this  report  the 
only  gagings  made  were  at  Rockton,  where  the  United  States  Geo- 
logical Siirvey  has  maintained  a  gage  since  October  1,  1906.  Gage 
readings  had  been  made  at  Rockton  during  parts  of  several  previous 
years,  but  the  station  was  discontinued  July  1,  1906,  so  that  during 
the  months  of  August  and  September,  while  samples  were  being  col- 
lected for  analysis,  no  gage  readings  were  taken.  From  the  gage 
readings  and  rating  table  of  the  CJeological  Survey  discharges  were 
calculated  for  each  day  from  October  1,  1906,  to  July  31,  1907.  The 
averse  discharge  at  Rockton  for  that  period  was  4,430  cubic  feet 
per  second.  As  Rockton  is  about  halfway  down  the  drainage  basin 
from  the  source  of  the  river,  the  average  discharge  into  the  Mississippi 
was  probably  from  8,000  to  9,000  second-feet. 

Industrialusea. — Rockford,  thelargest  city  on  Rock  River,  is  situated 
i^out  20  miles  south  of  the  Wisconsin  line.  Its  chief  industries  are  the 
manufacture  of  furniture,  hosiery  and  knit  goods,  agricultural  imple- 
ments, foundry  and  machine-shop  products,  and  glucose."  Other  cities 
of  over  1,000  inhabitants  situated  on  Rock  River,  mostly  at  water- 
power  sites,  are  Byron,  Oregon,  Dixon,  Sterling,  Rock  Falls,  and 
Prophetstown.  Sterling  and  Rock  Falls,  being  just  across  the  river 
from  each  other,  form  one  community  for  many  purposes,  such  as 
water  supply.  At  nearly  all  these  cities  some  water  power  is  used  for 
manufacturing,  but  all  the  large  establishments  depend  to  a  certain 
extent  on  the  use  of  steam  power. 

Municipal  supplies. — The  municipal  water  supplies  for  all  the  cities 
along  Rock  River  are  obtained  from  wells,  most  of  them  from  1,000  to 
2,000  feet  deep.  Analyses  by  the  State  Water  Survey  of  samples  of 
water  from  these  wells  show  the  mineral  content  to  be  much  the  same 
as  that  of  the  river  water.  These  well  waters  are  free  from  the  tur- 
bidity and  sewage  pollution  of  the  river  water,  so  that  the  only  reason 
for  changing  from  the  underground  to  surface  supply  would  be  an 
insufl&cient  supply  of  the  former.  As  the  cities  along  the  river  in- 
crease in  population  and  in  manufacturing  establishments  the  time 
may  come  when  the  underground  supplies  will  not  be  suflScient.  In 
such  cases  the  river  water  can  be  so  purified  as  to  make  an  acceptable 
supply. 

Samples. — To  determine  the  quality  of  water  in  Rdck  River  sam- 
ples were  obtained  at  Rockford  and  Sterling,  the  largest  cities  on  the 
river  in  Illinois.    At  each  place  a  4-ounce  bottle  was  filled  with  river 

a  Census  of  Manufoctore,  1905,  Illinois;  Ball.  U.  S.  Bureau  Census,  No.  52. 
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water  and  mailed  to  the  laboratory  of  the  Illinois  State  Water  Survey 
at  Urbana  every  day  for  a  year,  beginning  August  1,  1906.  Samples 
of  the  river  water  at  Rockford  were  furnished  by  Fred  H.  Gregory, 
chief  engineer  of  the  waterworks.  The  waterworks  pumping  station 
is  located  on  the  river  bank;  and  the  daily  samples  were  collected 
from  the  circulating  pump  that  furnishes  water  for  the  condensers. 

The  samples  of  water  at  Sterling  were  collected  by  C.  A.  Yohn,  chief 
engineer  of  the  Illinois  Straw  Products  Company,  of  Rock  Falls.  The 
plant  of  this  company  is  run  partly  on  water  power,  but  some  steam 
power  is  used  at  all  times,  as  the  water  power  is  not  suflScient.  The 
sample  bottles  were  filled  from  a  pump  taking  water  from  the  river 
just  outside  the  wheelhouse.  Owing  to  the  breakage  and  loss  of  bot- 
tles in  the  mails  and  to  accidents  in  the  laboratory,  several  analyses 
were  not  completed  or  seemed  too  irregular  for  use.  The  analyses 
completed  in  a  satisfactory  manner  are  given  in  Tables  23  and  24, 
together  with  average  values  for  the  year. 

Quality  of  water, — For  the  sake  of  comparison  with  one  another  and 
with  analyses  from  other  rivers,  the  average  analyses  for  the  year  at 
Rockford  and  Sterling  are  given  in  Table  3  in  the  form  used  by  Clarke." 
This  form  of  expression  shows  the  percentage  composition  of  the  dry 
residue  from  the  evaporation  of  filtered  water  from  the  river. 

Table  3. — Average  percentage  conipoaition  of  dry  residue  from  filtered  Rock  River  water  ^ 
August  /,  J906,  to  July  31,  1907. 


Carbonate  (COi) 

Sulphate  (SOO 

Chlortoe(Ci) 

Nitrate  (NO») 

Calcium  (Ca) 

Maeneslum  ( Mg) 

Sodium  and  potassium  (Na+K). 

8illca(8iOi) 

Iron  oxide  ( Fe«0») 

Salinity,  parts  per  million 


Roclcford. 

Sterling. 

40.6 

48.4 

8.8 

0.4 

1.8 

2.1 

1.6 

1.4 

18.0 

18.3 

10.0 

10.1 

4.0 

4.5 

6.0 

6.6 

.2 

.2 

100. 0 

100.0 

These  analyses  show  that  the  composition  and  amount  of  dissolved 
mineral  matter  are  much  the  same  at  the  two  cities  60  miles  apart.  As 
is  usually  the  case  where  a  river  flows  through  a  populated  region  with 
manufacturing  cities,  the  amoimts  of  sodium,  chlorine,  and  sulphate 
increase,  as  does  the  total  amount  of  dissolved  material.  The  most 
striking  difference  in  the  water  at  the  two  places  is  in  the  turbidity 
and  suspended  matter,  the  values  for  which  are  twice  as  great  at  the 
lower  station  as  at  the  upper  one.  The  greatest  variation  between  dif- 
ferent samples  from  the  same  station  are  in  the  turbidity  and  sus- 
pended matter.     Rivers  in  general  grow  more  turbid  toward  their 

•Clarke,  F.  W.,  The  data  of  geochemistry:  BulL  U.  8.  Oeol.  Survey  No.  330, 1908. 
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mouthsy  but  at  any  place  the  turbidity  may  be  due  to  local  causes 
and  not  really  represent  the  general  condition  of  the  river.  If  the 
figures  for  the  average  analysis  for  either  Rockford  or  SterUng  were 
taken  to  represent  the  average  quaUty  of  the  water  at  any  point  along 
the  river  in  Illinois,  the  error  would  hardly  amoimt  to  10  per  cent, 
which  for  any  industrial  purposes  might  be  neglected. 

To  show  the  connection  between  the  stage  of  the  river  and  the 
quality  of  the  water,  use  has  been  made  of  the  discharges  calculated 
from  the  United  States  Greological  Survey  gage  heights.  Although 
the  distance  by  river  from  Rockton  to  Rockford,  where  the  water 
samples  were  collected,  is  about  13  miles,  the  discharge  at  Rockford 
is  probably  not  very  diflferent  from  that  at  Rockton.  In  order  to 
study  the  variations  in  amoimt  of  mineral  matter  carried  past  Rock- 
ford in  solution,  the  amoimt  in  tons  per  twenty-four  hours  has  been 
calculated  for  each  ten-day  period.    These  values  are  given  in  Table  4. 

Table  4. — Discharge  of  cmd  dissolved  solids  in  Rock  River  at  Rockford, 


Date. 


October  l-October  8 , 

October  10-October  18 

October  20-October  29 

NoTember  1-November  8. . . 
November  lO-November  19. 
November  20-November  29. 
December  1-December  10. . . 
December  U-December  20. . 
December  21-Deoember  31. . 


1906. 


Janiuuy  l-Jannary  10 

Jannary  ll-Janoary  20 

January  21-JaDaary  30 

February  10- February  18. 
February  19- February  28. 

March  3-March  10 v 

March  11-March  20 

March  21-March  31 

April  l-Aprll  10 

April  11- April  20 

April  21-Aprll  30 

Mayl-MaylO 

May  Il-May30 

MAy21-May31 

June  2-June  10 

June  ll-June  20 

June  21-June  30 

July  1-July  10 

Julyll-July20 

July21-July3l 


1907. 


Discharge 
(second- 
feet).* 


Dissolved  soUds. 


638 

532 

711 

847 

712 

1,990 

2,329 

1,603 

1,451 


6,401 
5,839 
12,200 
5,970 
6,661 
3,590 
4,427 
5.716 
9,433 
7,648 
5,136 
4,630 
2,941 
4.303 
5,613 
6.029 
4.076 
4,202 
5.278 
7,665 


Average. 


4,430 


Tons  per 
24  hours. 


418 

485 

640 

662 

650 

1,470 

1,610 

1,270 

1,250 


3,760 
3,590 
6,680 
4,610 
3,430 
2,250 
2,750 
3,750 
5,660 
6,070 
3,680 
3,430 
2.430 
3,250 
4,050 
4,470 
3,110 
2,750 
3,400 
5,030 


2,910 


o  Calculated  from  measurements  made  at  Rockton. 

The  average  discharge  at  Rockford  for  the  period  from  October  1, 
1906,  to  July  31,  1907,  was  4,430  cubic  feet  per  second.  The  aver- 
age discharge  at  Rockton,  calculated  from  observations  of  the 
United  States  Geological  Survey  for  a  number  of  years,  is  4,900 
cubic  feet  per  second.     The  average  discharge  at  Sterling,  calculated 
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in  the  same  manner,  is  6,600  cubic  feet  per  second.  The  average 
amount  of  dissolved  mineral  matter  carried  past  Rockford  from 
October  1,  1906,  to  July  31,  1907,  was  2,910  tons  per  twenty-four 
hours.  The  amount  of  dissolved  matter  carried  past  Rockford 
annually,  calculated  from  the  figures  for  the  average  flow  through- 
out a  year  and  the  average  value  of  the  dissolved  matter  for  a  year, 
as  given  in  Table  4,  is  3,300  tons  per  twenty-four  hours,  and  the 
amount  carried  past  Sterling  is  4,760  tons  per  twenty-four  hours. 
The  average  amount  of  suspended  matter  varies  more  than  the 
dissolved  matter.  It  is  probable  that  the  variation  in  amount  of 
suspended  matter  is  not  uniform  throughout  the  river  but  is  largely 
dependent  on  local  conditions. 

The  amount  of  dissolved  matter  in  parts  per  million  is  the  least 
variable  of  the  three  quantities  given  in  Table  4.  This  shows,  as 
might  be  expected,  that  during  times  of  high  water  the  river  has 
a  smaller  amount  of  dissolved  mineral  matter  in  a  given  amount  of 
water.  This  reduction  is  not  proportional  to  the  increase  in  the 
flow,  because  an  increase  in  flow  above  the  normal  is  not  caused 
wholly  by  water  free  from  mineral  matter.  In  times  of  high  flow 
much  of  the  water  in  the  river  has  not  been  on  or  in  the  ground  for 
any  considerable  time,  and  therefore  has  not  dissolved  much  mineral 
matter.     Nevertheless  it  is  not  pure  rain  water. 

Consideration  of  the  amounts  of  dissolved  solids  and  the  dis- 
charges for  the  different  periods  at  the  two  stations  show  that  these 
quantities  are  both  more  variable  at  Rockford  than  at  Sterling.  It 
is  characteristic  of  normal  rivers  to  be  more  variable  in  flow  and 
in  quantity  of  water  near  their  sources  than  farther  downstream, 
where  the  larger  number  of  tributaries  tend  to  equalize  the  flow 
and  quality  of  the  water. 

Summary. — The  water  of  Rock  River  is  a  good  average  water  for 
Illinois.  It  is  not  safe  for  drinking,  but  could  be  made  so.  The 
turbidity  is  of  such  a  nature  as  to  be  easily  removed  by  moderate 
storage,  leaving  a  clear  water.  The  magnesium  is  high,  but  the 
magnesium  and  calcium  are  present  almost  wholly  as  carbonate  or 
bicarbonate,  so  that  the  softening  of  the  water  for  laundry  purposes 
is  a  simple  matter.  The  water  forms  little  scale  when  used  in  steam 
boilers;  washing  out  once  a  week  with  a  good  stream  of  water  will 
keep  most  boilers  free  from  it.  AU  these  things  and  more  might 
also  be  said  for  the  well  waters  in  the  Rock  River  valley,  but  the 
well  waters  can  not  be  obtained  in  great  abundance  by  merely  run- 
ning a  few  feet  of  pipe  out  from  a  pump,  as  those  of  the  river  can  be. 
The  easily  available  supply  of  satisfactory  industrial  water  from  the 
river  will  be  a  large  factor  in  saving  the  more  potable  underground 
water  and  in  increasing  the  amount  of  manufacturing  carried  on 
in  the  cities  located  on  the  river. 
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ILUKOIS   RIVER   DRAINAGE  BASIN. 
OXraBAL  STATXnVT. 

Illinois  River  drains  nearly  one-half  the  State.  The  direct  drain- 
age into  the  river  is  small;  nearly  all  of  its  flow  coming  from  large 
tributaries.  The  tributaries  and  their  drainage  areas  are  given  in 
the  following  list: 

Area  of  drainage  batins  of  tribtUaries  of  Illinois  River. a 


Square  miles. 

Beeplaines  River 1,392 

Kankakee  River 5, 146 

Fox  River 2, 700 

Vennilion  River T 1, 317 

Mackinaw  River 1, 217 

Spoon  River 1, 870 


Sqnare  miles. 

Sangamon  River 5,670 

Crooked  Creek 1,385 

Macoupin  Creek 985 

Smaller  tributaries 6,232 


27,914 


OBZCAOO  DEAZVAOS  CAITAL. 

Since  the  compilation  of  Cooley's  report  the  apparent  area  of  the 
Elinois  River  drainage  basin  has  been  increased  by  about  6,000  square 
miles.  This  is  the  area  which,  under  normal  conditions  in  Illinois, 
would  furnish  the  amoimt  of  water  which  reaches  Illinois  River 
through  the  Chicago  drainage  canal.  Thus  it  is  evident  that  the 
drainage  canal  is  one  of  the  largest  tributaries  of  Illinois  River. 

Owing  to  the  fact  that  the  drainage  canal  furnishes  water  from  Lake 
Michigan,  with  a  considerable  amount  of  added  material  from  the 
Chicago  sewage,  it  exerts  an  eflfect  on  the  quality  of  the  water  which 
is  more  than  proportional  to  its  drainage  area.  With  this  added 
material,  th^  total  dissolved  mineral  matter  in  the  water  of  the  drain- 
age canal  was  found  by  Palmer  to  be  about  163  parts  per  million, 
this  value  being  obtained  as  the  average  of  a  number  of  analyses 
made  on  samples  collected  about  every  other  day  for  a  period  of  three 
months  after  the  opening  of  the  drainage  canal.  Although  this  is 
considerably  more  than  the  133  parts  per  million  usually  found  in 
Lake  Michigan  water,  it  is  very  much  lower  than  the  average  for  the 
other  tributaries  of  the  lUinois  which  have  been  examined  in  this 
work,  the  average  soUds  in  each  of  these  other  tributaries  being  over 
250  parts  per  miUion.  In  connection  with  the  analyses  made  at 
Peoria,  the  effect  of  the  drainage  canal  on  the  character  of  the  water 
can  be  more  clearly  shown.  It  was  proved  to  the  satisfaction  of  the 
courts  that  the  canal  exercised  no  injurious  eflFect  upon  the  quality 
of  Mississippi  River  water  at  St.  Louis.  On  the  other  hand,  it  was 
shown  that  the  quality  of  the  water  in  Illinois  River  is  improved 
throughout  almost  all  of  its  course  by  the  addition  of  the  Lake  Michi- 
gan water,  even  with  the  Chicago  sewage  it  carried. 

•  Coolej,  L.  E;  1888.    The  lUinois  River  basin  in  its  relation  to  sanitary  engineering,  Illinois   State 
BotrdofHflaltb. 
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Drainage, — niinois  River  is  formed  by  the  union  of  Desplmines 
and  Kankakee  rivers.  Desplaines  River  rises  in  Kenosha  County, 
Wis.,  and  flows  southward  about  as  far  as  Chicago,  where  it  turns  to 
the  southwest,  continuing  in  this  direction  till  it  joins  the  Kankakee. 
The  length  of  the  river  is  about  90  miles.  It  drains  a  narrow  strip  of 
land  parallel  to  Lake  Michigan,  with  an  area  of  1,392  square  miles. 

JAi flirt po/  supplUs. — ^The  cities  along  the  Desplaines  River  obtain 
their  water  supply  from  deep  wells,  except  that  Joliet  derives  part  of 
its  supply  from  Hickory  Creek.  It  is  not  likely  that  the  water  from 
Desplaines  River  can  ever  be  used  for  municipal  supply,  except  in  its 
upper  course. 

From  a  point  below  Chicago  the  Desplaines  is  paralleled  by  the  old 
Illinois  and  Michigan  canal  and  the  new  Chicago  drainage  canaL 
The  Illinois-Michigan  canal  has  always  carried  a  laige  volume  of 
Chicago  sewage.  Power  from  this  canal  is  used  at  many  places  by 
allowing  the  water  to  flow  from  the  canal  to  the  river,  thus  contamina- 
ting the  river  water.  At  Lockpori  the  Chicago  drainage  canal  enters 
Desplaines  River,  and  as  the  flow  of  the  drainage  canal  is  often  laiger 
than  the  other  flow  of  the  river,  the  character  of  the  river  water  at 
Joliet  155  that  of  a  diluteil  s^ewai??. 

QuoHtu  o/vraitrr. — In  the  preparation  of  this  report  no  samples  were 
taken  fr\>m  IK?:^pUines  River,  Fn>m  the  likeness  between  the  waters 
of  Fox  and  R.vk  rivers  which  drain  the  same  geol.:*sic  formations  as 
th^ic^  dr:iLr:t^i  by  D^?splaines  River,  it  is  probable  that  the  water  of 
the  IVsw(i.:rt*s  i>  very  similar  to  ihai  fiHind  in  the  Fox  and  Rock,  in 
wK.:h  ::il'ri^zi  and  rriasn^iesaum  cartv>aates  are  the  chief  constituents 
of  :b*  l.ii?*:cr^i  r::"jeral  matter.  The  wa:er  of  the  Desplaines  should 
he  fi^rr  si.«u=^Ai:'.^nr  fv^r  ir.viu^inal  U5*?s  where  cleanliness  is  not  a 
Ty*:;i^':.e-  Tj*Ty>  is  cvvnsi.ienftMe  turbiviily  :hr»vj^,vjt  the  course  of 
;Le  r.xf^r,  iz.1  if:er  :;  has  !V\v:vevi  cv^n:ar:una::.>a  fn>m  the  Chicago 
?*ewiu?f  n  fc^ilr^  a  lar^  ani>un:  of  i^!Te:v>:ve  or^ranic  matter  which 
w.xi-.   rjiike  r*     f  zl^  vilue  f  r  :v.iny  :r.  :::>-:  Hal  purp»>sjes. 


r*^::  '^Kpi^ — Kiriiktv  K;vKr  ^c^  rioxt  t*>  ;he  drainage  canaL  the 
liri?!?^:  .vr.'Tv  rk*r,:  . :"  :he  ;;p:vr  Ill.rr,  is  Kiver,  Ii  drains  an  area  of 
*  J*  V  <»c  v.ire  rA,l't<i  :r.  ;:>  S5  ::./.t>>  .^:  U  r*r:h  :-  ir.  A.iiia.  The  remainder 
V  f  ::>  I^r,"*  r,:.,t^  .^f  It  r^h  An.:  >.>A'  >»q::An»  r.v.>s  ,^f  drainage  area  are 
ir,  r>.-r5ht^m  L.n.^iv*  The  or.i.r.Ary  Iv  w^w^:er  ijfvhar^  is  given  in 
:r.T^  T^r.ir,  v>n>u>  a>  *,  -;v  vU^v  fot*:  rvr  >wv  r,i.  A  laitje  portion  of 
;'.n»  ATvjk  .:t^::W.  :r,  !r..:.Ar.di  a::.:  <k^:v.^  of  :>je  arvM  drained  in  Illinois 
.     -     v,:^  '*r.v:      Tr.^  h,^.<  4  :<  r  .tT*n.  v  ;o  r.:*ke  : rje  ii^vharse  more  uni- 


'    *.    *  fc.^ff-  ,-v*T*-A    V  >t^^e^|;rcl  "t   tr  tau,  iwiiw  n  t»  r'JjiuamsK:  T^flCk.Oesia&.UK't 
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form  and,  as  a  consequence,  to  produce  greater  uniformity  in  the 
amount  and  character  of  the  dissolved  mineral  matter. 

Municipal  supplies. — ^The  largest  city  on  the  river  is  Kankakee, 
where  filtered  river  water  is  used  for  the  municipal  supply.  The  city 
of  Wilmington  also  obtains  its  supply  of  water  from  the  river. 
Momence,  Bradley,  and  the  smaller  cities  along  the  river  find  a  suffi- 
cient amount  of  water  in  wells  in  the  limestone  or  in  the  glacial  drift. 
The  manufacturing  carried  on  in  the  cities  along  Kankakee  River  is 
of  such  a  nature  that  the  quaUty  of  the  river  water  is  not  much 
affected  by  it.  Sewage  is  discharged  into  the  river  by  the  various 
cities,  making  necessary  some  sort  of  purification  before  the  water  can 
be  considered  safe  for  domestic  use. 

Samples. — ^Through  the  kindness  of  Mr.  C.  H.  Cobb,  superintendent 
of  waterworks  at  Kankakee,  arrangements  were  made  for  the  daily  col- 
lection of  samples  from  Kankakee  River.  During  the  first  part  of  the 
period  covered  by  this  report  samples  were  obtained  by  dipping  them 
from  the  river,  but  after  February  19,  1907,  samples  were  taken  from 
the  pump  which  draws  water  from  the  river  for  the  waterworks. 
These  samples  from  the  pump  were  collected  and  mailed  by  Mr.  A.  L. 
Straley.  The  analyses  of  composite  samples,  together  with  the  aver- 
age for  the  year,  are  given  in  Table  25. 

Quality  of  water, — In  the  section  of  Indiana  drained  by  Kankakee 
River  are  extensive  beds  of  marl  that  is  very  nearly  pure  calcium 
carbonate.  The  surface  rock  in  the  northern  part  of  Indiana  and  the 
portion  of  Illinois  drained  by  the  Kankakee  is  more  nearly  a  pure 
limestone  than  the  magnesian  limestone  in  the  areas  drained  by 
Rock,  Fox,  and  Desplaines  rivers.  This  character  of  the  rock  affects 
the  comi)osition  of  the  water,  as  may  be  seen  by  comparison  of  the 
average  analyses  of  Rock  and  Fox  rivers  with  the  average  of  Kanka-  > 
kee  River.  At  the  four  stations  on  Rock  and  Fox  rivers  the  average 
percentage  of  magnesium  is  10.1,  and  the  average  ratio  of  magnesium 
to  calcium  is  nearly  0.6.  At  Kankakee  the  magnesium  is  only  7.5 
per  cent  of  the  total  dissolved  solids  and  is  less  than  0.4  of  the  calcium. 
The  Kankakee  water  contains  a  larger  percentage  of  sulphate  than 
most  of  the  Illinois  waters.  This  constituent  makes  it  a  less  desirable 
water  for  boiler  purposes,  as  it  is  more  liable  to  form  a  hard  scale. 

The  comparative  uniformity  in  amount  of  dissolved  material  in  the 
river  water  is  shown  by  the  fact  that  the  average  difference  between 
the  values  for  total  soUds  and  the  mean  value  is  only  6.4  per  cent  of 
the  mean  value,  whereas  the  average  difference  for  the  other  rivers  of 
the  State  is  11  per  cent  of  the  mean  value.  Owing  probably  to  the 
storage  in  swamps  and  the  consequent  slow  delivery  to  the  river,  the 
turbidity  and  suspended  matter  at  Kankakee  are  very  much  less 
than  are  found  in  most  of  the  other  rivers  of  the  State.  This  lower 
turbidity  makes  the  water  simpler  to  treat  when  it  is  to  be  purified 
for  domestic  use. 
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FOX  RIVXK. 


Drainage. — Fox  River  rises  in  Wisconsin,  northwest  of  Milwaukee 
and  flows  southward  and  then  southwestward  into  Illinois,  joining 
Illinois  River  at  Ottawa,  35  miles  below  the  mouth  of  Kankakee 
River.  The  region  drained  by  Fox  River  is  almost  entirely  covered 
with  glacial  drift  containing  much  magnesian  limestone.  The  total 
area  of  the  drainage  basin  is  about  2,500  square  miles,  all  but  a  small 
portion  of  which  is  in  Illinois.  Several  lakes  in  Wisconsin,  of  which 
Greneva  and  Fox  lakes  are  the  largest,  discharge  into  the  river. 
They  regulate  its  discharge  to  a  certain  extent,  but  not  enough  to 
keep  it  from  being  highly  variable  in  Illinois. 

Water  power. — ^The  Fox  has  less  fall  in  Wisconsin  than  in  IllinoLs. 
In  the  last  47  miles  of  its  course  there  is  a  fall  of  136  feet,  and  in  the 

5  miles  above  Ottawa,  where  it  enters  the  Illinois,  the  average  fall  is 

6  feet  to  the  mile.  There  is,  therefore,  a  large  amount  of  water 
power  available  along  the  river,  much  of  which  is  utilized.  The 
feeder  from  a  point  above  Dayton  to  the  Illinois  and  Michigan  canal 
at  times  takes  almost  the  whole  flow  of  the  river,  and  on  this  account 
power  from  the  river  can  not  be  utilized  below  this  point.  Several 
cities  are  located  at  power  sites  along  the  river,  though  the  water 
power  now  in  use  is  very  little  compared  with  the  amount  of  steam 
power  used  in  the  factories  of  the  larger  cities. 

Municipal  supplies, — Elgin  is  probably  the  most  widely  known  of 
the  cities  on  Fox  River.  Besides  the  manufacture  of  watches  and 
watch  cases,  there  are  here  several  plants  that  turn  out  cooperage, 
foundry,  and  machine-shop  products.  A  large  amount  of  general 
manufacturing  is  carried  on  at  Aurora.  The  leading  industry  is  the 
manufacture  and  repair  of  cars  and  other  railroad  rolling  stock. 

The  greater  part  of  the  water  used  in  manufacturing  along  Fox 
River  is  used  in  the  production  of  power,  largely  in  steam  engines. 
For  the  production  of  steam  and  for  condenser  use  the  river  water  is 
as  good  as  any  other  supply  that  can  be  as  easily  obtained.  It  is  also 
abundant.  The  industrial  establishments  discharge  into  the  river 
very  little  material  which  has  any  noticeable  effect  on  the  character 
of  the  water. 

Part  of  the  city  water  supply  of  Elgin  is  taken  from  Fox  River,  the 
rest  of  it  being  obtained  from  deep  wells.  Analyses  by  the  Illiaois 
State  Water  Survey  indicate  that  the  well  water  is  somewhat  better 
in  quality  than  the  average  river  water. 

Elgin  is  about  the  lowest  town  on  the  stream  which  could  use  the 
river  water  as  a  source  of  municipal  supply.  All  the  cities  below 
Elgin  discharge  sewage  into  the  river,  making  it  difficult  to  purify  the 
water  sufficiently  for  domestic  use.  Fortunately,  throughout  the 
course  of  the  river  there  is  an  abundant  supply  of  water  in  deep  rock 
and  in  the  glacial  drift. 
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Samples. — Samples  from  which  analyses  were  made  for  this  report 
were  obtained  through  the  kindness  of  Mr.  R.  R.  Parkins,  chief  engi- 
neer of  the  Elgin  waterworks.  Samples  were  collected  daily  from  the 
pump  drawing  water  from  the  riVer  for  the  filter  plant.  Analyses  of 
the  composite  samples  of  the  water  from  Elgin  are  given  in  Table  26. 

At  Ottawa,  near  the  junction  of  Fox  and  Illinois  rivers,  samples  were 
coDected  from  Fox  River  daily  from  August  1, 1906,  to  July  31, 1907. 
These  samples  were  taken  by  Mr.  M.  P.  Lannigan,  pmnper  for  the 
Rock  Island  Railroad.  The  samples  were  collected  from  the  pump 
at  the  watering  station  of  the  railroad.  Analyses  of  the  composite 
samples  obtained  at  Ottawa  are  given  in  Table  27. 

Quality  of  vxUer. — Estimates  made  from  figures  by  Cooley  give  the 
average  discharge  of  Fox  River  at  Elgin  as  1,100  cubic  feet  per  sec- 
ond. This  value  makes  a  discharge  at  Elgin  of  860  tons  of  dissolved 
mineral  matter  and  68  tons  of  suspended  matter  per  twenty-four 
hours.  As  calculated  from  Cooley's  figures,  the  average  discharge  at 
Ottawa  is  1,900  cubic  feet  per  second.  This  gives  a  Value  of  1,720 
tons  of  dissolved  mineral  matter  and  450  tons  of  suspended  matter 
carried  at  Ottawa  each  twenty-four  hours.  For  the  sake  of  compari- 
son, the  percentage  composition  of  the  average  residue  from  the 
evaporation  of  filtered  river  water  at  Elgin  and  Ottawa  is  given  in 
Table  5. 

Table  5. — Perjcentage  compantion  of  residue  of  Fox  River  water  at  Elgin  and  Ottawa. 


Elgin. 


Ottowa. 


CftrboxiBte(COs) 
Sulphate  (SO4).. 
Chlorine  (01).... 
Nitrate  (NOa).. 
Calciiim(Ca5 


Mafpedmn  (If  e) 

Sodium  and  potassium  ( 
Iron  oxide  (FeK)t). 


SoSum  and  potassium  (Na+K). 
Iron  oxide  (F  "~ 
Silica  (SiOt). 


SaUnity ,  parts  per  million . 


46.8 

13.5 

1.8 

.9 

18.1 

10.6 

3.9 

.1 

4.3 


41.4 
18.7 
2.4 
1.5 
18.4 
9.8 
4.3 
.1 
3.4 


100.0 


100.0 


282 


326 


The  percentage  composition  shows  that  the  character  of  the  water 
at  Elgin  and  Ottawa  is  very  much  the  same,  the  diflferences  being 
such  as  usually  occur  in  a  river  passing  through  an  inhabited  region 
containing  cities  of  considerable  size.  The  percentages  of  sulphate, 
chlorine,  and  sodiimi  are  slightly  increased  and  the  percentage  of 
carbonate  is  decreased  at  the  lower  point.  The  saUnity — that  is, 
the  amount  of  mineral  matter  dissolved  in  the  water — is  decidedly 
increased.  As  may  be  seen  by  comparison  of  Tables  26  and  27,  the 
turbidity  and  suspended  matter  are  very  much  greater  at  Ottawa 
than  at  Elgin.  Even  with  this  increase,  however.  Fox  River  at 
Ottawa  is  usually  a  fairly  clear  stream.    The  suspended  matter  of 
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Fox  River  water  is  not  diflBcult  to  remove,  so  that  filtration  of  the 
water  would  not  be  attended  by  any  special  difficulties.  The  water 
at  Ottawa  is  not  so  variable  in  character  as  that  at  Elgin.  The 
average  difference  between  the  mean  value  for  dissolved  solids  and 
the  individual  values  is  8.2  per  cent  of  the  mean  value  at  Elgin ;  at 
Ottawa  it  is  only  7.3  per  cent.  The  diflference  between  the  maximum 
and  the  minimum  values  for  dissolved  solids  at  Elgin  is  50  per  cent 
of  the  mean  value;  the  difference  at  Ottawa  is  42  per  cent.  This 
greater  uniformity  in  the  character  of  the  water  downstream  is 
characteristic  of  most  rivers. 

As  mentioned  above,  the  drainage  basin  of  Fox  River  contains  a 
large  amount  of  glacial  drift  made  up  very  largely  of  magnesium- 
bearing  limestones.  This  characteristic  of  the  soil  and  subsoil  is 
shown  in  the  character  of  the  water.  Except  Rock  River,  none  of 
the  rivers  examined  has  so  large  a  percentage  of  magnesium  as  Fox 
River,  The  proportion  of  magnesium  to  calcium  is  about  the  same 
for  Fox  and  Rock  rivers,  but  the  percentage  of  sulphate  in  the  Fox 
is  larger  than  in  the  Rock.  This,  together  with  the  larger  amount  of 
disHolveil  mineral  matter,  would  make  the  water  of  Fox  River  less 
desirable  than  that  of  Rock  River  for  many  purposes.  The  differ- 
ence between  them,  however,  is  not  very  great.  To  soften  Fox 
River  water  and  make  it  perfectly  satisfactory  for  boiler  use  and 
for  use  in  laundries  would  require  only  a  small  amoimt  of  compara- 
tively inexpensive  chemicals. 

vsunuov  xivuL* 

Dminage. — Vermilion  River  rises  in  the  Bloomington  morainic 
nystem,  at  the  reentrant  angle  in  southeastern  Livingston  and  western 
Ford  counties,*  and  flows  in  a  northwesterly  direction  till  it  meets 
the  Illinois  at  l^asalle.  The  drainage  area  is  about  1,410  square  miles. 
The  country  is  fertile  and  well  cultivated.  The  slope  of  the  river  b 
very  moderate  and  the  flow  is  exceetlingly  irregular.  It  is  said  that 
nt  tinu>s  thert^  is  Uvw  flow  at  the  mouth  than  at  Pontiac,  20  miles  up 
the  river 

\fitnicilHtl  supplies.  -Pontiac  and  Streator  both  obtain  their 
luuiucipal  supplies  fn>ni  the  river.  In  each  place  the  water  is  treated 
>\  ith  coagulant  and  filtertHl.  At  times  of  low  water  the  whole  flow  of 
I  ho  river  is  utilised  at  Stn^ator. 

SampUs.  For  this  rt*jH>rt  samples  were  collected  through  the 
kindiuws  of  Mr.  K.  IX  llu^-raus,  su[>erintendent  of  the  Streator  Aque- 
diirt  foiupnuy.  During  the  tirst  part  of  the  period  samples  were 
htlvon  dlhM'lly  (v\H\\  I  ho  intake  pump.  Later  a  screen  was  put  in  over 
(lio  luoulh  of  (ho  intake  pipe  for  the  sake  of  U^ssening  the  turbidity  of 

♦*^HH»U.  ^\M\k.  I  h<»  UlttuM*  (Llsk'wU  k^t^    Moc    r   S  CrtoL  Surrey,  ToL  »,  IMS. 
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the  water  as  delivered  to  the  filters,  and  after  this  daily  samples  were 
dipped  up  directly  from  the  river.  The  analyses  made  of  the  com- 
posite samples  from  Streator  are  given  in  Table  28. 

Qiudity  of  water, — The  quality  of  the  water  at  Streator  varies  more 
than  the  water  of  average  streams  in  Illinois.  The  amount  of  dis- 
solved mineral  matter  is  also  higher  than  in  most  of  the  rivers.  Like 
that  of  the  other  rivers  in  the  northern  part  of  the  State,  the  water 
contains  a  large  amount  of  magnesium.  The  value  for  the  sulphate 
is  also  higher  at  Streator  than  at  any  of  the  other  stations  in  the 
northern  part  of  the  State.  The  water  of  Vermilion  River  is  not  so 
satisfactory  for  domestic  or  industrial  use  as  that  of  many  other 
streams  in  Illinois. 

SAVOAlf  OV  KIVXR. 

Drainage, — Sangamon  River  rises  in  the  Bloomington  morainic 
system  in  eastern  McLean  County.  It  drains  an  area  of  5,670  square 
miles,  which  is  mainly  rolling  prairie.  In  the  first  10  miles  the  river 
has  a  fall  of  120  feet  and  in  the  remaining  170  miles  of  its  length  a  fall 
of  300  feet.  This  fall  is  unevenly  distributed,  the  river  having  many 
stretches  of  almost  still  water  and  other  stretches  of  rapid  flow.  On 
account  of  the  variability  of  the  flow  and  the  fact  that  through  most 
of  the  course  of  the  river  its  bed  is  in  gravel  and  sand,  there  is  almost 
no  water  power  developed. 

Municipal  supplies. — Springfield  is  the  largest  city  on  Sangamon 
River.  The  population  of  Decatur,  the  next  in  size,  is  only  two- 
thirds  that  of  Springfield,  but  the  value  of  articles  manufactured  at 
Decatur  in  1904  was  over  a  third  greater  than  the  value  of  those 
manufactured  at  Springfield.  None  of  the  leading  industries  in 
either  city  is  largely  dependent  on  water  for  any  purpose  except  the 
generation  of  power.  The  effect  on  the  river  of  wastes  from  the 
factories  is  negligible  as  compared  with  the  effect  of  the  sewage  from 
all  the  cities  along  the  river.  The  municipal  water  supplies  of  Decatur 
and  Springfield  are  obtained  from  the  river.  At  Decatur  the  water 
is  impounded  by  a  dam,  treated  with  a  coagulant,  and  filtered.  At 
Springfield  part  of  the  supply  is  pumped  directly  from  the  river  and 
the  remainder  is  obtained  from  filter  galleries  near  the  river. 

The  turbidity  of  Sangamon  River  is  usually  somewhat  high  at  all 
points.  This  turbidity  is  not  difficult  to  remove,  and  at  Decatur  the 
water  is  treated  and  furnishes  a  very  satisfactory  supply.  At  Spring- 
field, where  it  has  been  used  without  treatment,  it  is  not  very  inviting 
to  drink  nor  cleansing  when  used  for  washing.  Like  most  Illinois 
river  waters,  that  of  the  Sangamon  contains  enough  salts  of  calcium 
and  magnesium  to  form  a  considerable  amount  of  scale  when  used  in 
boilers  and  to  make  it  unsatisfactory  for  laundry  purposes.  It  is  not 
likely,  however,  to  form  much  hard  scale  in  boilers  if  they  are  prop- 
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erly  cared  for,  and  the  expense  of  treating  it  so  as  to  make  it  suitable 
for  laundry  purposes  is  not  very  great. 

Samples. — For  the  preparation  of  this  report  samples  of  water 
were  collected  at  Decatur,  Springfield,  and  Chandlerville.  The 
collections  at  Decatur  were  made  by  Mr.  Fred  Litterer,  chief  engineer 
of  the  city  watei works;  those  at  Springfield  by  Mr.  Gus  Obert, 
chief  engineer  of  the  city  waterworks;  and  those  at  Chandlerville 
from  the  river  at  the  crossing  of  the  highway  bridge,  northeast  of 
town,  by  Messrs.  J.  W.  Martin  and  John  Madden  and  Miss  Bessie 
Long.  The  bottles  were  filled  by  dipping  the  water  from  the  stream 
and  pouring  into  the  bottles,  until  April  20,  1907,  after  which  time 
the  bottles  were  let  down  with  a  sinker  and  filled  under  the  surface. 
Many  collections  were  omitted  at  both  Springfield  and  Chandlerville. 
It  was  difficult  to  determine  the  reasons  for  the  omissions  at  Spring- 
field. The  omissions  at  Chandlerville  were  due  in  part  to  high 
water,  which  at  one  time  covered  the  bridge  from  which  samples 
were  usually  collected.  Other  omissions  were  due  to  illness  of  one 
of  the  collectors. 

Qtudity  ofvxUer, — ^Analyses  of  the  composite  samples  from  Decatur, 
Springfield,  and  Chandlerville  are  given  in  Tables  29,  30,  and  31, 
together  with  averages  for  the  year.  The  percentage  composition 
of  the  dry  residue  from  river  water  at  these  three  points  is  given 
in  Table  6. 

Table  6. — Percentage  composition  of  dry  residxufrom  Sangamon  River  water. 


Carbonate  (COj) 

Sulphate  (8O4) 

Chlorine  (CI) 

Nitrate  (NO3) 

Calcium  (Ca) 

Mapiesium  ( Mg) 

Souium  and  potassium  (Nm-K) 

Iron  oxide  (FejO?) 

Silica  (SiOi) 

Salinity,  parts  per  million 


Decatur. 


44.7 

11.9 

1.8 

2.9 

la? 

&8 

4.7 

.1 

0.4 


205 


^SS3f- 


43.7 

13.3 

2.7 

1.2 

18.7 

8.6 

5.8 

.2 

5.8 


278 


lerrOte. 


414 
12.7 
2.7 
X2 
1&4 
8.8 
5.3 
.3 
5.3 


This  shows  that  the  water  for  the  year  is  much  the  same  throughout 
the  length  of  the  river.  The  dissolved  mineral  matter  in  Sangamon 
River  is  not  very  different  in  character  from  that  in  the  other  tribu- 
taries of  the  Illinois.  The  Sangamon  water  resembles  the  water  of 
the  northern  tributaries  more  than  that  of  the  Kankakee.  Owing  in 
part  to  the  fact  that  the  Sangamon  receives  a  number  of  large  tribu- 
taries along  its  course,  there  is  no  particular  relation  between  the 
samples  at  the  different  points  of  collection.  The  analyses  at 
Decatur  are  probably  of  more  value  than  those  from  Springfield  and 
Chandlerville. 
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Samples, — On  niinois  River  itself  daily  collections  of  water  were 
made  at  Lasalle,  Peoria,  and  Kampsville.  At  Lasalle  collections 
were  made  by  Mr.  James  Brotherton  at  the  Illinois  Central  pump- 
ing station.  This  pumping  station  is  south  of  the  city,  at  the  point 
where  the  Illinois  Central  Railroad  crosses  the  river,  and  is  above 
the  point  of  discharge  of  the  Lasalle  sewage.  It  is  probable  that  at 
this  locality  the  water  of  various  tributaries  is  well  mixed.  The 
stream  at  Lasalle  is  made  up  of  water  from  Desplaines,  Kankakee, 
Fox,  Vermilion,  and  Little  Vermilion  rivers,  together  with  the 
flow  from  the  Chicago  drainage  canal. 

From  Lasalle  to  Peoria  no  tributaries  of  any  considerable  size 
enter  the  river.  In  consequence,  the  quality  of  the  water  at  Peoria 
is  not  very  diflFerent  from  that  at  Lasalle.  At  Peoria  samples  were 
collected  from  the  bridge  across  the  river  near  the  Peoria  water- 
works by  Mr.  Alfred  Barton  in  bottles  let  do^Ti  with  a  sinker  and 
filled  under  the  surface. 

Between  Peoria  and  Kampsville  a  number  of  tributaries  enter 
the  river.  The  largest  of  these  is  the  Sangamon,  the  average  dis- 
charge of  which  is  about  one-fifth  of  the  discharge  of  the  Illinois 
at  Kampsville.  The  other  tributaries  entering  between  Peoria  and 
Kampsville  are. Mackinaw  River,  Spoon  River,  and  Crooked  Creek. 
Collections  at  Kampsville  were  made  by  Mr.  Ira  Davidson,  samples 
being  obtained  by  dipping  the  water  from  the  surface  of  the  river 
midway  across  the  stream.  This  method  of  collecting  is  subject 
to  errors  which  have  been  previously  discussed.     ' 

Quality  of  water, — The  analyses  of  composite  samples  made  from 
the  daily  samples  at  Lasalle,  Peoria,  and  Kampsville  are  given  in 
Tables  32,  33,  and  34,  together  with  average  values  for  the  year. 
The  percentage  composition  of  the  dry  residue  from  the  filtered 
water  at  each  of  these  stations  is  given  in  Table  7. 

Table  7. — Percentage  composition  of  dry  residue  from  filtered  Illinois  River  water. 


Carbonate  (COj) 

Sulphate  (804) 

Chlorine  (CI) 

Nitrate  (NO,) 

Caldum(Ca) 

Magnesium  (Mg) 

Sodttim  and  potassium  ( Na+  K ). . 

Iron  oxide  (FeiOa) 

811ica(8iO,) 


Salinity,  parts  per  million. 


Lasalle. 

Peoria. 

Kamps- 
ville. 

37.0 

36.7 

38.5 

18.  (> 

18.1 

16.3 

4.8 

4-9 

5.8 

2.4 

2.9 

1.7 

18.6 

18.5 

18.2 

8.1 

7.9 

7.8 

5.9 

6.4 

7.0 

.1 

.1 

.1 

4.5 

4.5 

4.6 

100.0 

100.0 

100.0 

270 

265 

258 

28987— IRB  23&-10 3 
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When  these  results  are  all  taken  together,  it  is  evident,  as  would 
be  expected,  that  the  water  at  Lasalle  and  Peoria  is  almost  the  same; 
though  the  suspended  matter  is  less  at  Peoria,  probably  owing  to 
the  facts  that  the  river  at  Peoria  has  a  very  sluggish  flow  and  that 
at  the  middle  of  Peoria  Lake  where  the  samples  were  collected 
opportunity  had  been  afforded  for  the  settling  of  the  suspended 
matter. 

Illinois  River  water  is  not  so  high  in  carbonates  as  other  waters  of 
the  State,  and  is  higher  in  sulphates.  It  also  has  a  larger  percentage 
of  chlorine  than  the  average  waters  in  the  State.  This  increase  in 
sulphates  and  chlorine  is  probably  due  largely  to  the  effect  of  Chi- 
cago sewage,  as  the  tributaries  above  Lasalle  have  much  lower  per- 
centages of  chlorine.  The  variation  in  quality  of  the  water  is  much 
less  in.  the  upper  Illinois  than  in  other  streams  in  the  State.  At 
Kampsville  the  average  variation  in  dissolved  solids  is  10  per  cent 
of  the  mean  value,  and  the  range  from  maximum  to  minimum  is  65 
per  cent  of  the  mean  value.  As  before  stated,  this  is  probably  due 
in  part  to  the  method  of  collecting  the  samples.  As  the  samples  are 
taken  just  above  the  dam,  it  is  possible  that  a  high  rainfall  with 
quick  run-off  in  the  immediate  vicinity  of  the  point  of  collection 
would  cause  a  dilution  of  the  upper  layer  of  water  which  would  be 
much  greater  than  the  dilution  of  the  whole  flow  of  the  stream. 
The  widest  difference  from  the  average  value  of  the  dissolved  solids 
is  in  one  sample  where  the  value  was  very  low  at  a  time  of  high 
turbidity. 

Discharge. — The  discharge  of  Illinois  River  at  Lasalle  has  been 
measured  at  various  times  and  gage  readings  have  been  taken  by 
different  branches  of  the  government  service.  During  the  period 
covered  by  this  report  gage  heights  have  been  read  by  the  Weather 
Bureau.  From  these  readings  and  from  the  rating  table  prepared 
from  a  few  discharge  measurements  made  by  the  United  States  Geo- 
logical Survey  in  1903,  discharge  measurements  have  been  calcu- 
lated for  each  of  the  days  when  collections  were  made.  Owing  to 
the  fact  that  the  relation  between  the  Weather  Bureau  gage  and  the 
United  States  Geological  Survey  gage  had  to  be  determined  by  ref- 
erence to  Chicago  datum  and  Memphis  datum,  with  various  correc- 
tions to  be  applied,  the  discharge  measurements  are  probably  not  as 
accurate  as  those  at  Peoria,  where  the  United  States  Geological  Sur- 
vey was  maintaining  a  gage  during  the  course  of  the  analytical  work. 

The  discharge  measurements  computed  from  measurements  at 
Lasalle,  together  with  the  dissolved  solids  for  each  ten-day  period, 
are  given  in  Table  8,  which  shows  also  the  amount  of  dissolved  mate- 
rial carried  by  the  river  each  twenty-four  hours.  The  average  vari- 
ation in  the  discharge  at  Lasalle  is  30  per  cent  of  the  mean  value  for 
the  discharge.     The  average  variation  in  the  solids  is  6.9  per  cent  of 
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the  average  value.     The  average  variation  in  the  dissolved  material 
carried  by  the  river  is  33  per  cent  of  the  mean  value. 

Table  8. — Discharge  of  and  dissolved  solids  in  Illinois  River  at  Lasalle. 


Date. 


August  1- August  10 

August  11- August  20 

August  21-August  30 

August  31-8eptember  9 

September  10-8eptember  19. 
September  20-September  29 . 

September  30-October  7 

October  IG-October  19 

October  20-October  28 

October  90- November  8 

November  9- November  19. . . 
November  20- November  30. . 
December  1- December  10 — 
December  11-December  20. . . 
December  21-Deoember  31. . . 


January  l>January  10 

January  ll-January  20 

February  l-February  9. . . . 
February  10- February  18. . 
February  19- February  28. . 

March  1-March  10 

March  11-liarch  20 

March  21-March  28 

April  2- April  10 

April  U- April  20 

April  21- April  30 

Mayl-MaylO 

Mayll-May20 

May21-May31 

June  1-June 10 

June  11-June  20 

June  21-June  30 

July  l-July  10 

July  Il-July20 

July  23- July  31 


1906. 


1907. 


Average. 


Discharge 
(second- 
feet). 


7,100 
7.160 
7,580 
7,560 
7,150 
7.190 
7,860 
7,350 
7,410 
7,400 
7,360 
9.950 
11,900 
13,430 
12,580 


15,970 
21,500 
25,280 
20,140 
18,370 
12,970 
14.960 
14,860 
19,360 
14,900 
11,640 
14.990 
12.650 
14,730 
15,390 
14,350 
12,210 
11,160 
19,650 
14.. 550  ' 

12,820  ' 


Dissolved  solids. 


Parts  per 

Tons  per 

miUlon. 

day. 

265 

6,070 

262 

5.060 

252 

5,150 

235 

4,790 

221 

4,260 

241 

4,670 

284 

6,020 

260 

5,160 

268 

5,350 

275 

5,480 

276 

6,470 

300 

8,060 

320 

10,280 

284 

10.290 

311 

10,660 

296 

12,740 

298 

17,280 

289 

19,700 

311 

16,880 

273 

13,520 

274 

9,590 

257 

10,380 

272 

10,910 

299 

15,610 

344 

13,820 

266 

8,360 

272 

10,990 

300 

10,250 

279 

11,080 

307 

12,740 

276 

10,680 

276 

9,100 

256 

7,700 

255 

13,500 

288 

11,400 

278 


The  discharge  of  the  river  at  Peoria  has  been  carefully  measured 
for  a  long  series  of  years.  During  the  period  covered  by  this  report 
daily  gage  readings  were  made  by  an  observer  of  the  United  States 
Geological  Survey.  A  rating  table  for  the  river  at  Peoria  has  been 
prepared  to  cover  this  period.  From  this  rating  table  and  the  gage 
measurements  the  discharge  of  the  river  at  Peoria  has  been  calcu- 
lated for  each  day  when  samples  were  collected.  These  have  been 
averaged  into  ten-day  periods  corresponding  to  the  composite  sam- 
ples. From  the  average  discharge  in  second-feet  and  the  value  in 
parts  per  milUon  of  the  dissolved  solids,  as  determined  by  evapora- 
tion of  the  filtered  water,  the  amount  of  dissolved  material  carried 
past  the  gaging  station  at  Peoria  by  the  water  of  Illinois  River  each 
twenty-four  hours  has  been  calculated.  The  figures  are  given  in 
Table  9,  together  with  the  average  values.  The  average  variation 
in  discharge  at  Peoria  was  35  per  cent  of  the  mean  value  of  the  dis- 
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charge.  The  average  variation  of  the  dissolved  solids  was  6.3  per 
cent  of  the  mean  value.  The  average  variation  in  the  amount  of 
material  carried  by  the  river  was  36  per  cent  of  the  mean  value. 

Table  9. — Discharge  of  and  dissolved  solids  in  Illinois  River  at  Peoria. 


Date. 


Discharge 
(second- 
feet). 


Dissolved  solids. 


Parts  per 
million. 


Tons  per 
24  hours. 


/  1906. 

August  1-August  9 

August  3l-September  9 

September  lO-September  19 

September  2a-8eptember  29 

September  30-Oetober  9 

October  lO-October  19 

October  2a-October  29 

October  30- November  8 

November  9-November  19 

November  20-November  30 

December  1-December  10 

December  U-December  20 

December  21-December  31 

1907, 

January  1-January  10 

January  11-January  20 

January  21-January  31 

February  1-February  9 

February  10- February  18 

February  19- February  28 

March  1-March  10 

March  U-March  20 

March  21-March  31 

April  1-April  10 

April  U-April  20 

Anril  21-Aprll  30 

May  1-May  10 

May  1 1-May  20 

May21-May30 

June  1-June  10 

June  11-June  20 

June  21-June  30 

Julyl-July  10 

July  U-July  20 

July  21-July  31 

Average 


6,820 
8,180 
7,470 
7,110 
8,300 
7.990 
7,680 
7,770 
7,720 
9,420 
12,160 
15,270 
14,210 


16,760 
23,120 
44,620 
33,130 
23,050 
20,110 
18,140 
18,000 
20,270 
24,570 
21,510 
17,210 
17,700 
21,510 
17,210 
20,430 
19.950 
17,890 
15,460 
22,530 
22.480 


245 

260 

222 

249 

279  I 

233 

264 

250 

250 

310 

293 

294 


310 
309 
223 
242 
275 
275 
279 
275 
272 
272 
304 
271 
276 
289 
283 
2n 
290 
272 
270 
257 
257 


16,900 


271 


4,880 

5,390 

5.220 

4.260 

5,580 

6,000 

4.780 

5,510 

5.200 

6,580 

10,180 

12,060 

11,280 


13,150 
19,260 
26,800 
21,600 
17,070 
14,900 
14.130 
13,800 
14,830 
17,260 
17,650 
12.580 
12,900 
16,760 
13,100 
15,260 
15,600 
13,100 
11,250 
15.620 
15,660 


12,330 


Variation  in  quality. — In  the  flow  of  an  ordinary  river  it  is  usual 
to  expect  the  lowest  value  for  the  dissolved  solids,  the  highest  value 
for  the  suspended  solids,  and  the  highest  value  for  the  discharge  to 
come  at  about  the  same  time.  In  times  of  low  water  the  river  is 
fed  largely  by  springs  or  by  water  which  reaches  the  river  through 
infiltration  from  the  sides  and  through  the  bed.  This  ground  water 
is  naturally  clear,  and  by  reason  of  its  passage  through  the  ground 
has  dissolved  a  considerable  amount  of  mineral  matter.  In  times  of 
storm  a  large  proportion  of  the  water  which  falls  drains  immediately 
into  the  river.  As  it  runs  quickly  over  the  surface  of  the  ground  it 
picks  up  loose  material,  so  that  upon  entering  the  stream  it  carries 
a  large  load  of  suspended  matter,  while  it  has  had  time  to  dissolve 
very  little.  This  makes  the  water  of  the  stream  high  in  turbidity 
and  low  in  dissolved  solids.  On  this  account  one  would  expect  that 
the  amount  of  dissolved  material  carried  by  a  given  point  in  a  river 
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would  be  much  less  variable  than  the  discharge  of  the  river.  If,  in 
time  of  flood,  the  discharge  of  the  river  is  five  times  the  low-water 
discharge,  the  amount  of  dissolved  material  carried  by  the  river  will 
rarely  be  five  times  as  great.  On  the  other  hand,  the  volume  of 
four  times  the  low-water  flow  which  has  been  added  to  the  low-water 
flow  is  not  pure  water.  Therefore  the  amount  of  dissolved  material 
carried  by  the  river  will  be  very  much  greater  than  the  amount 
carried  in  low  water.  Rock  River  at  Rockford  (see  p.  23)  is  an  illus- 
tration of  a  normal  river. 

Illinois  River  at  Lasalle  and  Peoria  shows  very  decidedly  the  effect 
of  the  Chicago  drainage  canal  in  maintaining  the  uniformity  of 
quality  of  water.  Although  the  values  for  the  average  variation  in 
dischai^e  at  these  two  points  are  30  and  35  per  cent,  respectively, 
the  variations  in  amount  of  material  carried  are  33  and  36  per 
cent.  This  indicates  that  the  water  of  Illinois  River  in  time  of 
flood  has  a  tendency  to  carry  more  dissolved  material  than  at  times 
of  low  flow.  This  results  from  the  fact  that  nearly  one-half  of  the 
low-water  flow  of  Illinois  River  at  Lasalle  and  Peoria  is  furnished 
by  the  Chicago  drainage  canal,  which  contains  on  the  average  about 
160  parts  per  million  of  dissolved  solids.  This,  combined  with 
an  equal  volume  of  low-water  flow  from  Desplaines,  Fox,  Kankakee, 
and  Vermilion  rivers,  gives  a  resulting  water  which  is  still  low  in  dis- 
solved solids,  although  the  other  tributaries  carry  probably  over  300 
parts  per  million.  The  average  amounts  of  dissolved  solids  carried 
by  three  of  these  rivers  are  as  follows:  Fox,  335  parts  per  miUion; 
Kankakee,  288  parts;  VermiUon,  325  parts.  It  is  probable  that  the 
natural  water  of  the  Desplaines  carries  about  the  same  amount  of 
dissolved  soUds  as  the  other  tributaries.  Even  the  high-water  flow 
of  these  tributaries  carries  much  more  dissolved  soUds  than  the 
Chicago  drainage  canal.  Thus  it  comes  about  that  in  many  cases 
a  rise  in  the  river  is  accompanied  by  an  increase  in  the  proportion 
of  dissolved  soUds,  which  makes  the  amount  of  material  carried  past 
a  given  point  increase  faster  than  the  discharge. 

These  results  at  Peoria  and  Lasalle  show  one  benefit  of  the  Chicago 
drainage  canal,  which  has  possibly  been  overlooked  in  considering 
the  many  changes  which  have  resulted  from  its  opening.  One  of  the 
objections  to  the  use  of  river  water  for  industrial  purposes  or  for  a 
municipal  supply,  where  it  is  necessary  to  treat  the  water,  is  that  the 
variation  in  character  of  the  water  from  day  to  day  and  from  season 
to  season  is  so  great  that  any  treatment  of  the  water  based  on  the 
results  of  only  a  few  examinations  is  liable  to  be  Uxisatisfactory  for  a 
great  part  of  the  time.  Any  change  in  quality  of  the  water  will 
require  a  change  in  treatment,  and  some  river  waters  are  so  variable 
in  quality  that  it  would  be  useless  to  attempt  to  treat  them  without 
expert  chemical  supervision;  it  would  be  necessary  to  test  the  water 
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each  day  and  apply  the  chemicals  m  amounts  determined  by  these 
tests.  For  a  uniform  water,  such  as  a  deep-well  water  or  many 
ground  waters,  a  single  analysis  suffices  to  determine  the  kind  of 
treatment  and  the  amount  of  each  chemical  necessary  to  add,  thus 
making  it  possible  to  handle  a  water-purification  plant  with  much 
less  expense  for  supervision.  A  river  water  as  constant  in  character 
as  the  Illinois  at  Peoria  and  Lasalle,  however,  might  be  given  an 
average  treatment — that  is,  a  treatment  based  on  the  results  of  an 
average  analysis,  such  as  are  given  in  this  report.  This  treatment 
would  probably  be  better  than  a  varying  treatment  determined  from 
day  to  day  by  a  person  not  very  skilled  in  chemical  manipulation. 

Municipal  supplies. — Illinois  River  water  is  not  used  for  municipal 
supply,  but  a  very  large  amount  of  it  is  used  by  various  manufac- 
turing establishments  along  the  river.  Practically  all  the  cities  on 
the  river  are  able  to  obtain  a  supply  of  underground  water  which  has 
almost  the  same  mineral  content  as  the  river  water  and  at  the  same 
time  is  free  from  pollution.  It  is  doubtful  if  the  time  will  ever  come 
when  Illinois  River  water  will  be  looked  upon  with  favor  as  a  source 
of  municipal  supply.  The  large  amount  of  sewage  in  the  Chicago  drain- 
age canal  would  make  people  hesitate  to  undertake  the  purification 
of  the  water.  As  was  shown  in  the  investigations  in  connection  with 
the  lawsuit  over  the  drainage  canal,**  a  large  amount  of  organic  matter 
enters  the  river  at  Lasalle,  Peoria,  and  Pekin — more,  at  the  time  of 
Palmer*s  investigations,  than  that  entering  through  the  Chicago 
drainage  canal.  It  is  possible  that  in  the  lower  part  of  the  river 
the  water  might  be  used  safely  for  municipal  supply,  provided  it  were 
properly  purified. 

KASKASKIA   RIVER. 

Drainage, — Kaskaskia  River  rises  in  the  Champaign  morainic 
system,  immediately  west  of  Champaign,  gradually  descends  from 
an  elevation  of  730  feet  to  542  feet,  and  enters  the  Mississippi  above 
Chester  in  Randolph  County.  About  590  square  miles  of  compara- 
tively level  area  are  drained  by  the  river  in  its  length  of  180  miles.* 

Because  of  its  variations  in  flow  Kaskaskia  River  has  never  been 
used  to  any  great  extent  as  a  source  of  power.  At  Carlyle,  during 
the  year  covered  by  this  report,  there  was  a  rise  of  23  feet  in  the  river. 
In  the  summer  time  it  often  runs  nearly  dry  in  some  parts  of  its 
course.  A  careful  survey  has  been  made  by  the  Illinois  State  Geo- 
logical Survey,  with  the  object  of  determining  a  method  of  treatment 
of  the  Kaskaskia  River  bottoms  so  as  to  reclaim  a  large  amount  of 
land  which  is  now  flooded  so  frequently  as  to  render  it  practically 
useless  for  agricultural  purposes.  If  this  land  is  reclaimed,  the  dis- 
charge of  the  river  will  be  more  variable  than  at  present. 

a  Palmer,  A.  W.,  Chemical  survey  of  the  waters  of  Illinois,  University  of  Illinois,  1902. 
&Leverett.  Frank,  The  Illinois  glacial  lobe:  Mon.  V.  8.  Oeol.  Survey,  vol.  38, 1880. 
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Municipal  supplies. — Vandalia  and  Carlyle  are  supplied  with  water 
from  Kaskaskia  River.  Shelbyville  formerly  obtained  its  supply 
from  the  river,  but  now  takes  water  from  wells  in  the  gravel  near  the 
river.  This  water,  intercepted  on  its  way  to  the  river,  has  much  the 
same  character  as  that  of  the  river  and  is  free  from  turbidity.  In 
the  river  water  at  Shelbyville  the  turbidity  averaged  over  100  parts 
per  million  during  the  year  covered  by  this  report. 

Samples.— Daily  samples  were  collected  from  the  river  at  Shelby- 
ville by  Mr.  Isaac  Nutt,  engineer  of  the  Shelbyville  Water  Company, 
by  dipping  water  from  the  river  at  a  point  directly  opposite  the  water- 
works. An  old  dam,  partly  destroyed,  crosses  the  river  at  this  point, 
and  the  water  was  dipped  from  a  broken  place  in  this  dam,  through 
which  the  stream  flows  rapidly.  Through  the  kindness  of  Mr. 
Chester,  superintendent  of  the  water  company,  a  gage  was  erected 
on  the  river  near  the  waterworks  and  daily  readings  taken  from  it. 

At  Carlyle,  about  70  miles  down  the  river  from  Shelbyville,  samples 
were  collected  from  the  pump  at  the  waterworks,  the  intake  pipe  of 
which  extends  about  400  feet  upstream.  Mr.  George  Schilling, 
superintendent  of  waterworks,  collected  the  samples.  A  gage  was 
fastened  to  a  tree  near  the  bank  of  the  river  and  readings  of  the 
height  of  the  water  were  made  daily  after  November  3,  1906. 

Quality  of  water. — Analyses  of  the  composite  samples  from  Shelby- 
ville and  Carlyle  are  given  in  Tables  35  and  36.  The  percentage 
composition  of  filtered  water  at  Shelbyville  and  Carlyle  is  given  in 
Table  10. 

Table  10. — Percentage  composition  of  dry  residue  from  filtered  Kashuhia  River  water. 


Shelby- 
ville. 


Carbonate  (COa) 45.4 

Sulphate  (SO<) I  12. 0 

Chlorine  (CI) ,  2. 0 

Nitrate  (NOt) '  2.4 

Calcium  (Ca) , |  18.7 

Mameslum(Mg) ;  9.2 

Sodium  and  potassium  (Na+K) 4.6 

Iron  oxide  (Fe«Oj) .1 

Silica  (SIO») |  6.  6 


I        100. 0 
Salinity,  parts  per  million i  284 


Carlyle. 


42.1 

13.7 
2.8 
1.9 

18.9 
8.0 
6.« 
.2 
6.8 


100.0 
249 


Kaskaskia  River  water  is  a  typical  Illinois  water.  There  is  no  very 
great  difference  in  the  character  between  the  samples  at  the  two  sta- 
tionSy  the  range  in  dissolved  solids  being  about  the  same  at  each. 
The  average  variation,  however,  is  greater  at  Carlyle,  being  11  per 
cent  of  the  mean  value,  while  at  Shelbyville  it  is  only  7.8  per  cent. 
The  water  is  more  suitable  for  boiler  use  than  for  laundries.  It  forms 
very  little  or  no  hard  scale  in  boilers  when  they  are  cleaned  often 
enough.  Treatment  with  lime  alone  in  the  proper  quantities  would 
very  much  improve  the  quality  of  the  water  for  laundry  work. 
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MUDDY   RIVER. 

Drainage, — Muddy  River  drains  an  area  of  nearly  2,400  square  miles 
in  the  low  district  north  of  the  Ozark  uplift.  The  lower  20  miles  of 
the  course  of  the  river  is  in  the  Mississippi  River  bottoms.  The  drain- 
age basin  is  decidedly  level,  and  there  is  only  a  slight  fall  in  the  river 
from  its  source  to  the  mouth.  The  flow  is  very  unsteady,  the  range 
in  height  at  Murphysboro  during  the  year  covered  by  this  report  being 
31  feet. 

Samples, — Daily  samples  of  water  were  collected  from  the  intake 
at  the  waterworks  at  Murphysboro  by  Mr.  H.  C.  Stagner,  chief  engi- 
neer. A  gage  was  placed  on  the  river  in  November,  1906,  and  read- 
ings were  taken  at  the  time  of  the  collection  of  the  samples. 

Quality  of  waier. — Analyses  of  the  composite  samples  from  the 
Muddy  are  given  in  Table  37,  together  with  averages  for  the  year  and 
gage  readings.  The  percentage  composition  of  the  dry  residue  is 
given  in  Table  17  (p.  53). 

The  water  of  Muddy  River  is  the  most  variable  in  character  of  all 
those  examined  for  this  report.  This  may  be  due,  in  some  measure, 
to  the  different  characteristics  of  the  tributaries,  but  it  is  probably 
due  more  to  contamination  by  mine  drainage,  the  variations  being 
very  much  the  same  as  those  noted  by  M.  O.  Leighton,"  of  the  United 
States  Geological  Survey,  in  his  careful  study  of  the  influence  of  mine 
drainage  on  Susquehanna  River  in  Pennsylvania.  From  the  low 
value  of  the  bicarbonate  occurring  at  certain  times  with  very  high 
values  for  the  sulphates,  it  is  probable  that  at  times  the  water  from 
the  Muddy  is  actually  acid.  If  the  water  were  acid  for  one  or  two 
days  out  of  the  ten  on  which  the  daily  samples  were  collected  to  make 
a  given  composite,  the  composite  sample  might  easily  be  slightly 
alkaline. 

Like  the  other  streams  in  the  southern  part  of  the  State,  Muddy 
River  carries  a  large  amount  of  very  fine  suspended  matter.  Much 
of  this  material,  which  seems  to  be  really  suspended  matter  and  not 
color,  can  not  be  held  by  any  ordinary  method  of  filtration,  but  by 
the  use  of  a  coagulant  the  water  may  be  rendered  perfectly  clear  and 
almost  colorless.  This  finely  divided  suspended  matter  accounts,  in 
part,  for  the  fact  that  the  values  for  silica  in  Muddy  River  are  very 
high.  In  nearly  every  sample  where  the  silica  was  high  there  was 
left  after  treatment  with  hydrofluoric  acid  a  residue,  amounting  to  1 
to  5  parts  per  million,  which  was  insoluble  in  hydrochloric  acid  and 
not  volatilized  by  hydrofluoric  acid.  Several  of  these  residues  were 
analyzed  by  fusing  them  with  acid  sodium  sulphate  and  making  a 
complete  analysis  of  the  fused  mass.  The  precipitate  with  ammonia, 
that  is,  the  iron  and  aluminum,  on  ignition  weighed  in  every  case 

a  Quality  of  water  in  the  Susquehanna  River  drainage  basin:  Water-Supply  Paper  U.  S.  Oeol.  Survey 
No.  108, 1904. 
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almost  exactly  the  same  as  the  original  silica  residue.  The  iron  in 
this  insoluble  residue  was  usually  a  very  3mall  proportion  of  the  whole. 
This  would  indicate  that  the  finely  divided  matter  is  an  aluminum 
silicate. 

In  analyzing  similar  waters  at  the  Washington  laboratory,  alumina 
cream  was  used  for  clarifying  the  samples  and  removed  the  suspended 
matter  without  affecting  the  silica  dissolved  in  the  water.  A  number 
of  experiments  were  made  to  compare  the  effect  of  the  treatment 
using  alumina  cream  with  that  of  the  Berkefeld  filter^  and  the  filtrates 
from  the  two  treatments  were  found  to  give  the  same  results  on  analy- 
sis. It  was  found  necessary  in  these  experiments  to  use  alumina 
cream  in  clarifying  the  sample  on  which  the  determination  of  bicar- 
bonates  was  made.  If  this  method  of  analysis  had  been  adopted  on 
all  rivers  of  southern  Illinois,  the  results  would  have  been  more 
uniform  and  would  have  represented  more  accurately  the  material 
dissolved  in  the  water.  They  would  also  have  shown  the  kind  of 
water  that  would  have  been  obtained  by  the  use  of  a  mechanical 
filtration  plant. 

Municipal  supplies. — In  the  section  of  Illinois  drained  by  Muddy 
River  there  is  no  large  supply  of  satisfactory  underground  water. 
According  to  analyses'*  by  the  Illinois  State  Water  Survey,  water 
from  the  municipal  supply  at  Carbondale,  which  is  obtained  from 
deep  wells,  contained  at  different  times  from  1,200  to  2,400  parts  per 
million  of  dissolved  matter,  about  three-fourths  of  which  was  common 
salt.  In  addition,  there  are  enough  salts  of  magnesium  and  calcium 
to  make  the  water  about  as  hard  as  that  of  the  Muddy.  This,  of 
course,  makes  it  undesirable  for  domestic  use.  With  such  water  in 
the  wells  the  only  chance  for  a  sufficient  municipal  supply  lies  in  the 
use  of  a  river  water,  even  though  its  quality  is  much  inferior  to  that 
of  most  of  the  rivers  of  northern  Illinois,  where  well  waters  are  used 
almost  exclusively. 

Water  such  as  that  of  Muddy  River  can  be  purified  only  by  careful 
treatment  with  some  coagulant  and  proper  filtration.  For  much  of 
the  year  water  from  the  Muddy  can  be  clarified  only  by  the  use  of 
aluminum  sulphate  with  lime,  but  the  amount  of  lime  required  will 
vary  greatly  from  day  to  day.  In  softening  the  water  for  use  in 
steam  boilers  or  in  laundries,  the  proper  amounts  of  chemicals  to  be 
added  can  be  determined  only  by  tests  on  each  lot  of  water  treated. 

MISSISSIPPI   RIVER. 

Municipal  supplies.— Mississipjii  River  forms  the  western  boundary 
for  the  whole  State  of  Illinois.  The  cities  of  Moline,  Rock  Island, 
Quincy,  Alton,  East  St.  Louis,  and  Cairo,  located  on  the  river,  are 
important  manufacturing  centers.     The  first  five  of  these  and  two 

a  Bartow,  Edward,  Municipal  water  supplies  of  Illinois:  Bull.  Univ.  Illinois,  October  21, 1907. 
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smaller  cities  obtain  water  from  the  river  for  municipal  supply.  In 
this  way  about  125,000  persons  use  the  river  water.  On  the  opposite 
bank  in  Iowa  and  Missouri  are  more  cities  that  use  the  river  water 
and  serve  many  more  consumers.  The  magnitude  of  the  whole  river 
as  compared  with  the  stretch  flowing  past  Illinois  makes  it  necessary 
in  this  report  to  discuss  merely  the  quality  of  the  water  in  the  part 
of  the  river  bounding  the  State.  The  river  as  a  whole  is  discussed 
in  a  paper  by  R.  B.  Dole.* 

At  the  cities  where  the  river  furnishes  the  supply  of  water  for 
domestic  use  some  method  of  purification  is  used.  Much  of  the  sus- 
pended matter  is  removed  by  sedimentation  in  storage  basins,  and 
commonly  a  coagulant  is  used  with  filtration. 

Samples. — Daily  samples  were  collected  at  Quincy  and  Chester  for 
a  year,  beginnmg  August  1,  1905,  and  at  Moline  for  half  a  year, 
beginiung  February  1,  1907.  Collections  were  made  by  the  superin- 
tendents of  the  waterworks,  Mr.  Magnus  Olsen,  at  Moline,  and 
Mr.  F.  J.  Brinkoetter,  at  Quincy.  In  both  these  places  samples  were 
collected  from  the  pump  taking  water  from  the  river  for  the  filter 
beds.  At  the  southern  Illinois  penitentiary,  at  Chester,  Mississippi 
River  water  is  pumped  from  the  river  to  a  small  reservoir  and 
thence  distributed  through  the  grounds.  Through  the  kindness  of 
the  warden,  Mr.  James  B.  Smith,  samples  were  collected  each  day 
from  the  intake  pump. 

Qvxjlity  ofvxUer, — Analjrses  of  composite  samples,  made  up  of  ten 
daily  samples  for  each  of  these  stations,  are  given  in  Tables  38,  39, 
and  40.  As  would  be  expected,  the  suspended  matter  and  dissolved 
matter  both  increase  in  amount  as  one  goes  down  the  river.  The 
percentage  composition  of  dry  residue  from  the  filtered  water  is  given 
m  Table  11. 

Table  11 — Percentage  composition  of  dry  residue  of  filtered  Mississippi  River  water. 


Carbonate  (COi) 

Sulphate  (SO*) 

Chlorine(Cl) 

Nitrate(NOj) 

Calcium  (Ca) 

Magnesium  (Mr) 

Sodium  and  potassium  (Na+K). 

SUlca(SiO,) 

Iron  oxide  ( FetOi) 


Salinity,  parts  per  million . 


February  1  to  July 

Moltne.     Quincy. 

42.3            42.9 

13.6  12.9 
2.1              1.9 
1.0             1.2 

18.7  19.1 
7. 3              7. 7 
5.7              5.2 
9.0              8.8 

.3                .3 

100.0           100. 0' 

31,1907. 

Chester. 

32.1 
22.7 
3.3 
1.4 
17.6 
6.3 
7.8 
8.6 
.2 

August  1 
July  31 

,1906.  to 
1,1907, 

Quincy. 

Chester. 

43.2 

12.6 

2.2 

1.1 

18.1 

8.0 

5.5 

9.0 

.3 

33.2 
21.8 
3.8 
1.0 
17.1 
6.2 
8.2 
Kb 
.2 

100.0 

100.0 

100.0 

177               194 

256 

199 

258 

o  The  quality  of  surface  waters  in  Mis.sissippl  River  basin:  Proc.  lUinots  Water-Supply  Assoc.,  1910. 
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As  the  samples  at  Moline  were  collected  during  six  months  only, 
the  average  at  Quincy  and  Chester  has  been  calculated  for  this 
period,  and  the  percentage  composition  is  given  for  the  six  months 
as  well  as  for  the  whole  year. 

The  percentage  composition  does  not  change  much  between  Moline 
and  Quincy.  The  only  tributaries  of  any  considerable  size  entering 
the  river  between  these  points  are  Des  Moines  and  Rock  rivers.  The 
water  of  Des  Moines  River  does  not  differ  very  much  in  quality  from 
that  of  the  Mississippi  at  Moline,  though  it  contains  a  somewhat  larger 
amount  of  dissolved  solids  and  a  somewhat  smaller  proportion  of 
magnesium.  Rock  River  carries  about  the  same  amount  of  dis- 
solved solids  as  Des  Moines  River,  but  the  proportion  of  magnesium 
is  very  much  higher  than  in  either  the  Des  Moines  or  the  Mississippi 
at  Moline. 

Between  Quincy  and  Chester  the  main  tributaries  are  Illinois  and 
Missouri  rivers.  Illinois  River  water  is  not  very  different  from  that 
of  the  Mississippi  at  Quincy,  though  it  probably  contains  a  smaller 
amoimt  of  dissolved  material,  a  larger  amount  of  chlorine,  and  a 
somewhat  higher  percentage  of  magnesium.  But  the  water  of  Mis- 
souri River  is  very  different  from  that  of  Mississippi  River  at  Quincy 
or  that  of  Illinois  River  at  its  mouth.  Missouri  River  carries  a  very 
much  larger  amount  of  dissolved  material  which  contains  a  much 
higher  percentage  of  sulphate  and  a  correspondingly  lower  percentage 
of  carbonate.  It  has  a  somewhat  higher  proportion  of  chlorine. 
The  sodium  is  decidedly  higher,  while  the  magnesium  is  lower  and  the 
calcium  slightly  lower  than  at  Quincy.  As  the  flow  of  the  river  at 
Chester  is  on  the  average  about  one-half  Missouri  River  water  and 
the  other  half  upper  Mississippi  and  Illinois  River  water,  these  char- 
acteristics of  Missouri  River  water  make  themselves  felt  in  the  char- 
acter of  the  Mississippi  water  at  Chester. 

Variations  at  Quincy, — Discharges  of  Mississippi  River  at  Quincy 
have  been  calculated  by  using  Weather  Bureau  gage  readings  at 
Hannibal,  Mo.,  together  with  a  rating  table  prepared  by  Herman 
Stabler  from  various  discharge  measurements  by  the  U.  S.  Engineer 
Corps  and  the  United  States  Geological  Survey.  In  Table  12  are 
given  the  discharges  at  Hannibal,  the  dissolved,  solids  at  Quincy,  and 
the  discharge  of  dissolved  material  in  tons  per  twenty-four  hours 
calculated  from  these  figures.  The  average  variation  in  discharge 
was  32  per  cent  of  the  mean  value ;  the  average  variation  in  dissolved 
solids  was  8.6  per  cent  of  the  mean  value,  and  the  average  variation 
in  amount  of  dissolved  solids  per  day  was  30  per  cent  of  the  mean 
value.  The  fact  that  the  amount  of  solids  per  day  does  not  vary  as 
much  as  the  discharge  is  due  to  the  fact  that  in  times  of  high  dis- 
charge the  proportion  of  dissolved  solids  is  usually  lower  than  in 
times  of  low  discharge. 
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Table  12. — Dissolvid  solids  in  Mississippi  River  at  Quincy, 


Date. 


August  1-August  10 

August  ll-August  20 

August  21-August  ao 

August  31-September  9 

September  lO-September  18.. 
September  20-September  29.. 

September  30-October  9 

October  10-October  18 

October  20-October  31 

November  1-November  8 

November  9-November  19. . . 
November  20-November  30. . 

December  1-December  10 

December  11-Deoember  20.. . 
December  21-December  25.. . 


1906. 


Dissolved  solids. 


January  2-January  10 

January  11-January  20 

January  21-January  31 ... . 
February  2-February  9. . . 
February  10- February  18. 
February  19-February  28. 

March  l-March  10 

March  12-March  19 

March  21-March  31 

April  1-Aprll  10 

April  11- April  20 

April  21-April  30 

Mayl-MaylO 

Mayll-May20 

May  21-May  31 

Junel^unelO 

June  Il-June20 

June  21-June  30 

July  1-July  10 

July  U-July  20 

July  21-July  31 


1907. 


Average. 


Discharee 
(second- 

feet)  a 

Parts  per 

Tons  per 

million. 

24hoiin. 

64,000 

224 

37,600 

05,000 

192 

^  38,600 

58,000 

197 

30.800 

56,000 

213 

32.200 

59,000 

187 

28.800 

59,000 

196 

31.200 

60,000 

200 

32.400 

52,000 

213 

29,900 

43,000 

220 

25.500 

47,000 

223 

28.900 

58,000 

185 

28.900 

59,000 

196 

31,200 

67,000 

217 

39.200 

51,000 

190 

26.200 

28,000 

244 

18,400 

58,000 

210 

32,800 

62,000 

287 

39,600 

100,000 

203 

54,800 

40.000 

218 

23.500 

48,000 

239 

30,900 

59,000 

207 

33.000 

65,000 

188 

33,000 

73,000 

192 

37.800 

78,000 

193 

40.600 

106,000 

180 

52.400 

158,000 

144 

61,300 

141,000 

170 

64.600 

97.000 

176 

46.000 

80,000 

213 

45,800 

86,000 

176 

40,800 

82,000 

188 

41.600 

117,000 

200 

63,100 

97,000 

218 

57.000 

88,000 

227 

53,800 

143.000 

211 

81,400 

160,000 

239 

103.200 

77,000 

204 

41.600 

a  At  Hannibal,  Mo. 

In  studying  the  analyses  at  Quincy  and  Moline,  together  with 
analyses  made  in  the  Iowa  City  laboratory  of  the  Survey  **  on  samples 
of  water  from  Minnesota  River  at  Shakopee  and  Des  Moines  River 
at  Keosauqua,  it  is  seen  that  there  is  an  increase  in  dissolved  solids 
at  Quincy  and  Moline  in  the  latter  part  of  June  and  July,  at  a  time 
of  high  flow.  Minnesota  River  has  a  drainage  area  of  about  16,000 
square  miles,  between  one-fifth  and  one-sixth  the  drainage  area  of 
Alississippi  River  at  Moline.  The  rise  in  the  Mississippi  at  Moline 
and  Quincy  in  June  and  July,  1907,  was  to  a  considerable  extent  due 
to  high  water  from  the  Minnesota.  As  the  average  value  for  dis- 
solved soUds  of  the  Minnesota  during  this  period  was  over  400  parts 
per  million,  this  fact  would  account  for  the  increase  in  these  solids 
at  Moline  and  Quincy  concordantly  with  the  increase  in  the  discharge. 

a  Dole,  R.  B.,  Quality  of  surface  water  of  the  United  States,  pt.  1:  Water-Supply  Paper  U.  S.  OeoL 
Survey  No.  236, 1909. 
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Variations  ai  Chester. — Discharges  of  Mississippi  River  at  Chester 
have  been  assumed  to  be  equal  to  the  discharge  at  St.  Louis.  It  is 
probable  that  the  discharge  at  Chester  is  from  1  to  3  per  cent  higher 
than  at  St.  Louis,  but  no  rating  table  was  easily  obtainable  for  the 
river  at  Chester,  whereas  a  fairly  satisfactory  rating  table  was  ob- 
tained for  St.  Louis.  From  the  Weather  Bureau  gage  readings  and 
a  rating  table  which  was  prepared  by  Stabler,  discharge  measure- 
ments were  calctdated  for  the  river  at  St.  Louis  for  each  ten-day 
period  covered  by  the  analyses.  In  Table  13  these  figures  are  given, 
together  with  the  dissolved  solids  in  parts  per  milUon  and  the  amoimt 
of  dissolved  soUds  carried  by  the  river  at  Chester. 

Table  13. — Dissolved  solids  in  Mississippi  River  at  Chester. 


Date. 


I       Dissolved  solids. 
Discharge 


1906.  I 

August  l-Aogost  10 

August  11- August  20 

August  21-August  30 1 

August  31-September  9 i 

September  lO-September  19 1 

September  20-September  29 ! 

September  30-October  9 « 

October  10-October  19 

October  22-October  31 1 

NoTember  1-November  7 1 

Norember  15-November  19 ' 

November  20-November  30 | 

December  1-December  10 

December  U-Deoember  20 

December  22-December  31 

1907.  I 

January  l-Jannary  10 

January  11-January  19 

January  21-Jaouary  30 1 

February  l-Febniary  9 

February  10- February  is 

February  21-February  28 

March  1-Mardi  10 

March  U-March  20 

March  21-March  80 , 

April  1-ApriI  10 

April  15- April  20 i 

April  22- April  29 

May21-May31 

JuneS-JunelO 

Jane  U-June  20 ' 

June  21-June  29 

July  1-Jnly  10 1 

July  ll-July  19 1 

July  21-July  31 

Average 


second- 
feet).o 

Parts  per 

Tons  per 

million. 

24  hours. 

140,000 

320 

121,000 

189,000 

237 

101,700 

155,000 

245 

102,600 

132,000 

256 

92,600 

117,000 

249 

78,400 

130.000 

260 

91,100 

156,000 

228 

95,800 

112,000 

266 

80,400 

89,000 

306 

73,400 

9A,000 

316 

81,800 

112,000 

310 

93,700 

119,000 

254 

81,500 

130,000 

265 

93,000 

115,000 

271 

84,000 

71,000 

301 

57,600 

105.000 

271 

76,600 

148,000 

260 

103,700 

374,000 

222 

224,000 

181,000 

214 

104,500 

124,000 

277 

92,600 

180,000 

804 

147,900 

188,000 

286 

135,000 

216,000 

257 

149,500 

203,000 

238 

130,000 

225.000 

255 

154,500 

257,000 

297 

205,600 

279,000 

256 

192,400 

214,000 

293 

168,800 

281,000 

284 

215,200 

329,000 

265 

235,200 

334,000 

296 

266,700 

320.000 

294 

253,600 

317,000 

304 

260,000 

484,000 

250 

326,200 

194,000 

270 

140,300 

a  At  St.  Louis. 


The  average  variation  in  discharge  of  the  Mississippi  at  Chester  is 
40  per  cent  of  the  mean  value  of  the  discharge;  the  average  variation 
in  dissolved  solids  is  8.5  per  cent  of  the  mean  value,  and  the  average 
variation  in  the  soHds  carried  per  day  is  41  per  cent.  It  is  unusual 
that  the  soUds  carried  per  day  shotdd  vary  more  than  the  discharge, 
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for  this  would  indicate  that  in  times  of  high  water  there  was  more 
material  dissolved  in  the  rirer  than  in  times  of  low  water.  In  order 
to  see  if  this  could  be  accounted  for,  calculations  were  made  as  to  the 
amoimt  of  dissolved  material  carried  by  each  of  the  three  component 
streams  making  up  the  Mississippi  at  Chester.  For  this  purpose 
monthly  average  gage  heights  and  discharge  measurements  were  com- 
puted by  Mr.  Stabler. 

The  volume  of  upper  Mississippi  water  reaching  Chester  was 
assumed  to  be  measured  by  discharges  at  Hannibal,  Mo.,  which  cor- 
respond to  the  analyses  at  Quincy,  HI.  No  discharge  measurements 
are  available  for  the  lUinois  below  Peoria,  and  as  the  drainage  area 
of  Illinois  River  at  its  mouth  is  very  much  greater  than  at  Peoria,  the 
proportional  effect  of  Illinois  River  would  not  be  at  all  accurately 
represented  by  taking  discharges  at  Peoria.  Estimates  byCooley,® 
however,  indicate  that  the  discharge  of  the  lUinois  into  the  Mississippi 
is  probably  about  1.75  times  the  discharge  at  Peoria,  and  therefore 
in  the  calculations  1.75  times  the  discharge  at  Peoria  was  used  as  rep- 
resenting the  amount  of  Illinois  water  reaching  Chester,  while  the 
analyses  at  Kampsville  were  used  as  representing  its  quality.  The 
amount  of  Missouri  River  water  reaching  Chester  was  represented  by 
the  discharge  measurements  at  St.  Charles,  Mo.  In  Table  14  are 
given  these  discharges  for  each  month,  together  with  the  sum  of  the 
three  discharges  and  the  discharges,  as  calculated  for  Mississippi 
River  at  St.  Louis.  It  will  be  seen  that  in  general  the  sum  of  the 
three  discharges  is  somewhat  greater  than  the  estimated*  discharge 
of  the  Mississippi  at  St.  Louis.  It  is  not  Ukely,  however,  that  the 
proportional  error  is  very  serious. 

Table  14. — Discharges  of  Mississippi^  IllinoiSy  and  Missouri  rivers  at  points  stated. 
[In  thoosands  of  second-feet.] 


Date. 


August 

September.. 

October 

November. . 
December. . 


1906. 


January... 
February. 

March 

April 

May 

June 

July 


Mississippi 
River  at 
Hannibal. 

Illinois 

River  at 

Kamps- 

ville.6 

70 
58 
50 
56 
47 

71 
49 
72 
133 

88 
102 
128 

12 
13 
14 
14 
24 

47 
43 
35 
36 
31 
34 
35 

Missouri    I 
River  at      Sum. 
St.  Charles. 


87 
63 
99 
96 
118 
191 
225 


Mississippi 
River  at 
St.  Louis. 


166 
134 
116 
121 
110 


205 
155 
206 
265 
237 
327 


151 
126 
113 
ill 
102 


198 
157 
202 
251 
242 
307 
370 


o  Cooley,  L.  E.,  The  Illinois  River  basin  in  its  relation  to  sanitary  engineering,  Illinois  State  Board  of 
Health,  1889. 
b  1.76  times  the  discharge  at  Peoria. 
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In  Table  15  is  given  the  percentage  of  the  discharge  at  Chester 
which  is  furnished  by  each  river;  the  average  value  for  the  dissolved 
solids  in  these  rivers;  one  one-hundredth  of  the  product  of  these  two 
figures,  which  shows  the  contribution  of  each  river  to  the  dissolved 
solids  in  Mississippi  River  at  Chester;  the  sums  of  these  three  com- 
ponents; and  the  value  for  dissolved  soUds  at  Chester  as  obtained 
by  averaging  the  values  for  the  three  composite  samples  of  each 
month.  The  figure  for  May  is  of  almost  no  value,  as  samples  were 
not  received  during  the  first  twenty  days  of  that  month  and  only  one 
analysis  was  made  during  the  month. 

It  is  evident  that  this  method  of  calculating  the  dissolved  soUds 
in  Mississippi  River  water  at  Chester  does  not  give  the  correct  result, 
the  value  being  higher  than  those  found.  This  would  indicate  a 
possible  lack  of  complete  mixing  of  Missouri  River  with  Mississippi 
River  at  the  point  where  the  samples  were  collected.  Another 
explanation  would  be  the  undue  influence  of  Kaskaskia  River,  which 
enters  a  short  distance  above  Chester.  The  drainage  area  of  Kas- 
kaskia River  is  not  over  3,000  miles,  so  that  its  contribution  to  the 
flow  of  the  Mississippi  is  almost  negligible.  If,  however,  its  water  is 
not  thoroughly  mixed  with  the  other  water  coming  down  the  Mis- 
sissippi, the  samples  collected  at  Chester  might  have  too  large  a  pro- 
portion of  Kaskaskia  River  water.  In  order  to  determine  this  point, 
curves  were  plotted  showing  (1)  dissolved  soUds  calculated  from  the 
analyses  and  discharges  of  upper  Mississippi,  Illinois,  and  Missouri 
rivers;  (2)  dissolved  solids  as  found  by  analysis  at  Chester;  (3)  dis- 
solved solids  as  found  in  the  Kaskaskia  at  Carlyle.  It  appears  from 
inspection  of  these  curves  that  the  dissolved  soUds  found  at  Chester 
follow  very  closely  the  dissolved  solids  as  calculated.  The  varia- 
tions from  the  curve  of  calculated  values  are  the  same  as  the  varia- 
tions in  the  values  for  the  dissolved  solids  in  the  Kaskaskia.  The 
greatest  difference  between  the  calculated  and  determined  values  is 
only  about  8  per  cent  of  the  former.  Inspection  of  Table  15  shows 
that  in  the  latter  part  of  the  year  Missouri  River  furnished  a  very 
large  proportion  of  the  flow  at  Chester.  The  dissolved  solids  from 
Missouri  River  are  very  much  higher  than  the  average  value  for  dis- 
solved solids  in  Mississippi  River.  This  then  would  cause  an  increase 
in  dissolved  soUds  in  Mississippi  River  at  the  same  time  that  the 
discharge  increased.  Thus  when  the  discharge  is  doubled  the 
amount  of  dissolved  matter  carried  by  the  stream  is  more  than 
doubled,  as  the  water  contains  in  each  cubic  foot  much  more  than 
the  average  amount  of  dissolved  matter. 


Digitized  by  VjOOQIC 


48 


grALITY  OP   ^VKFACE  WATEMS  OF   lUJJfOIS. 
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DsU. 


A  fifnut, , , , 

fW^utnb«r 

(ftMktt^ 

Sffvtmh0t 

Sfttrjtmhn 

Jmntmry 

y^.tfruary 

Umff^ 

iiS?.';;:::::;:::::: 

Jane 

JaJy 


RiTcrai 

numti 

TiL*. 

1 
Xteoorf 
Rtwst 

RiTi!r*£ 

mizufe 
RiTvat 

Tifle. 

MwMxiri 
River  at 

B»r.it«J. 

QuineT. 
(4> 

B«^.Mo. 

42.2 

7.2 

».« 

an 

aa 

4Z.Z 

f.7 

47.0 

199 

238 

43.1 

IZl 

44.8 

211 

297 

375 

4Ac3  . 

ll.ft 

42.1 

an 

263 

429 

^^ 

2L8 

a&s 

217 

3D1 

403 

34.6; 

2r» 

42.5 

217 

247 

325 

31- ft  . 

27.  J» 

40.6 

221 

206 

337 

35.01 

17.0 

4)i.0 

191 

232 

317 

50.2 

13.6 

36-2 

165 

286 

370 

37.1 

13.1 

49.  S 

188 

289 

311 

31  2 

10.4 

56.4 

202 

288 

338 

33.0 

».o 

».o 

236 

261 

307 

Dinolred  aoUds  (ptfts  per  milliooj. 


Dttc 


If  iariaBippi  River  at  Cbester. 


Calculated. 


MlaS^pi 
River 
water. 
/axd\ 

Vioo/ 
(g) 


AUfCUMt.. 

Heptember. 
October... 
November. 
Oeoember.. 


imi. 


January... 
February. 

March 

April 

May 

June 

July 


1907. 


86.0 
86.1 
90.8 
93.0 
92.7 


76.0 
60.8 
66.8 
82.8 
60.7 
63.0 
77.8 


hudoIs 

River 
water. 
/bxe\ 

Vioo/ 

(h) 


18.9 
22.9 
35.9 
30.5 
66.6 


66.6 
67.2 
39.4 
38.9 
37.8 
30.0 
23.6 


Mhwfwiri 
River 
water. 

Vioo/ 
(1) 


168 
181 
144 


138 
137 
152 
134 
155 
196 
178 


Sum. 
(g+h+I) 


296 
304 
302 


270 
264 
258 
256 
262 
290 
279 


Byanaly- 


267 
255 
267 
293 
279 


261 
265 
254 
269 

282 
283 


Kaskaskia 
River  at 
Cariyle. 


237 
261 
223 
245 
256 


191 
269 
235 
280 
264 
221 
264 


It  is  evident  from  inspection  of  the  tables  that  Mississippi  River 
above  the  Missouri  is  not  remarkably  turbid  as  compared  with  other 
Htroains  of  the  Middle  West.  Its  turbidity  averages  about  the  same 
OH  that  of  other  rivers  in  Illinois.  At  Chester  the  turbidity  resembles 
that  of  the  Missouri.  Usually  the  suspended  matter  causing  this 
turbi(hty  is  (composed  of  fairly  large  particles  which  quickly  settle 
HO  that  the  water  can  be  clarified  easily  by  mere  sedimentation.  At 
tim(\s,  however,  the  turbidity  is  caused  by  material  so  fine  that  it  is 
exceedingly  difficult  to  filter.  This  excess  can  be  recognized  in  the 
analyses  by  the  high  values  for  silica.     It  is  probable  that  in  most 
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samples  where  the  value  for  siUca  is  over  25  parts  per  million,  the 
excess  over  this  figure  is  due  to  suspended  matter  which  was  not 
removed  by  filtration.  On  account  of  the  large  proportion  of  sul- 
phate in  Missouri  River  water,  Mississippi  River  water  below  the 
mouth  of  the  Missouri  is  much  less  satisfactory  for  industrial  pur- 
poses, even  after  purification.  Above  the  Missouri,  Mississippi  River 
water  is  of  much  the  same  quality  as  most  ground  and  stream  waters 
throughout  Illinois. 

WABASH  BIVEB   SYSTEM. 

The  drainage  basin  of  Wabash  River  has  an  area  of  over  33,000 
square  miles.  It  extends  westward  from  western  Ohio  across  the 
central  portion  of  Indiana  and  southward  to  Ohio  River.  It  embraces 
on  its  west  side  a  considerable  portion  of  southeastern  Illinois. 
Drainage  from  Illinois  into  Wabash  River  is  carried  by  Vermilion, 
Embarrass,  and  Little  Wabash  rivers.  Bonpas  River  drains  a  small 
area  between  Embarrass  and  Little  Wabash  rivers. 

WABA8H  SIVZB. 

Municipal  supplies. — The  Wabash  forms  the  boundary  of  the  State 
on  the  east  and  south  for  a  distance  of  nearly  200  miles  by  river. 
Its  water  is  usually  rather  turbid  and  probably  contains  more  dis- 
solved mineral  matter  than  well  waters  which  may  be  obtained  along 
its  banks.  For  these  reasons  it  is  not  likely  to  be  used  as  a  source 
of  supply,  except  for  communities  too  large  to  find  a  sufficient  quan- 
tity in  wells.  There  are  not  many  large  cities  in  Illinois  directly  on 
the  river.  Grayville  and  Mount  Carmel,  however,  obtain  their  water 
supplies  directly  from  it. 

VE&mLIOH  aiVZB.a 

Drainage. — ^Vermilion  River  drains  an  area  of  about  1,500  square 
miles  in  northern  Illinois.  The  river  rises  in  the  Bloomington 
morainic  system  at  the  reentrant  angle  in  Ford  and  Livingston  coun- 
ties, only  a  few  miles  from  the  source  of  the  other  river  of  the  same 
name,  which  flows  northward  to  the  Illinois.  From  its  source  Ver- 
milion River  flows  east  and  southeast,  entering  the  Wabash  in 
Indiana.  In  the  last  10  miles  of  its  course  it  receives  very  little 
drainage,  except  from  the  immediate  vicinity  of  the  stream.  Its 
flow  is  not  very  rapid  and  the  discharge  is  somewhat  irregular. 

Municipal  supplies. — ^The  municipal  supply  of  Danville,  HI.,  is 
obtained  from  North  Fork  of  Vermilion  River  and  is  purified  by 
filtration  after  the  use  of  a  coagulant. 

Samples. — ^The  samples  of  raw  river  water  were  collected  by  Mr. 
William  Van  Steenberg,  engineer  of  the  Danville  Water  Company. 

a  Not  to  be  confused  with  the  Vermilion  River  that  empties  into  Illinois  River. 
28987— IBB  239—10 4 
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3rIJu*;Ai  Ir/*  Tru*  vi/TATj.r^  ii  :.«*•  i'^'Hi  ^  Liiis  fr.m  rime  to  time 
ATA  nor  TP-rr  zr'^ax.     TVu*  **"-*ra;p»  titia,-**  a  :-.r  "ii»  j-^ar  was  v4  per 

p/^/i.r^on  ^,{  *:j^  w.ir*»r  t».*»^  ar.c  Tiry  niira  vj:a  Tariarions  in  the 
% cc. o' ;  r»f  o^  ' ;  .j^* , t  ^>i\  *^Xy^.  The  -^iL^ip^ci  :#h  i  m^ r*.*r  is  ;s?:all j  of  sno  h 
'*^;* raster  *nAr  it  '•ar.  r^  ^i^\.t  ^tz^.-r^i  '-7  tL'nnra-  Ar.Aivs*^  of 
7r*^.TA  XAfer  fr^m  •ir.f'  lii.r^r  ti:i«*,»-  »:r^!e  -f  V^rmJi*  a  R:Ti»r  show 
f^at  fvr  rr.ri*.!:  Ir.rt'>rrAl  p»;rp*>«eH  "r^r*  'a  art  zi  n-h  chi-ire  between 
*r.e  ▼AfAr  from  *ne  ri'^'^r  And  ^r.At  frr.i  w**iis. 


//r'7'>./7i7/,— Kr/»F^rTa.-»i*  Rl'J'i^r  'ira;i>  an  Ar»^  of  about  '2SX<}  s>f\\xki^ 
u..><  in  ^Jt-f/^m  Ii..r.oLH,  Ir^*  ^viir^  k  in  the  (.hampAisn  morainic 
^4  -»f/>rr..  irr.rr,e*i.af,/-lr  ^twiY.  of  rhainpaizn-  an*i  it  SoTrs  a  little  east  of 
v/s*r.  nr,u\  it  ^nter^  Waha.-^h  Rrver  abo'ii  6  rr.ilt^  below  Vincennes. 
The  flow  JH  v^ry  variahle.  It  \a  SAi<i  thit  at  times  the  riTer  goes 
ft*rr»^i<*t  ([tj  at  I^^rf^nreville,  S  niii#^  atjot^  its  m'.'Uth. 

if 't  r/t/-*  ff^il  *'/y>ry>//>4. — ^The  cities  of  Chariest  on,  Greenup,  and  Xew- 
ifpfi  oMain  tfieir  water  <)upp!y  fn^^m  tt.e  Embarrass.  At  none  of  these 
plv/'.-^  M  the  water  p'jrifie<L 

Harofff^A.  —Daily  <*arnples  were  roller  ted  for  the  year  a(  Charleston 
arid  at  J>awreiK:evilIe.  At  Chariest  on  the  samples  were  obtained 
/rorn  the  purnp  taking  water  directly  from  the  river  for  municipal 
mipply.  The  intake  at  the  pumping  station  is  about  240  feet  south 
of  the  purnp,  m-ar  the  middle  of  the  river.  Collections  were  made  by 
Mr.  Jfiffu-n  VVinklehlft^^'k  anrl  Mr.  Louis  Strodbeck,  engineers  at  the 

At  J^awrenceville  Hamples  were  collected  for  part  of  the  year  by 
Mr  (.'.  iL  Amohl^  Muperintendent  of  the  Lawrenceville  Water  Com- 
pany, The  Hu\)])]y  for  the  city  is  obtained  from  deep  wells,  and  the 
Mftrnpl^'H  furnisher)  by  Mr.  Arnold  were  obtained  by  dipping  the  water 
from  flie  river  near  the  waterworks.  For  a  time  the  collection  of 
Hntfi\}\t'^  at  Ijawrenceville  was  omitted,  owing  to  a  change  in  the 
miperintendent  of  the  waten^orks,  but  after  October  12,  1906,  sam- 
(»|/M  were  collected  by  Mr.  Perry  Bamhouse  at  the  pumping  station 
of  the  Bi^  Four  Railway  from  the  pump  which  takes  water  direct 
from  tlie  river. 

Quality  (ff  vnfer, — Analyses  made  on  the  composite  samples  from 
ClmrlcHfon  nnri  Lawrenceville  are  given  in  Tables  42  and  43.  The 
oercenf  np;e  cornposition  of  the  dry  residue  from  the  filtered  water  at 

leMc  <wo  Hint  ions  is  given  in  Table  16, 
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Table  16. — Percentage  compontion  of  dry  residue  from  filtered  EmbarroMS  River  water. 


Carbonate  (CO,) 

Sulphate  (SO«) 

Chtorine  (CI) 

Nitrate  (NOi) 

C^ddom  (Ca) 

Maaaesiam  (Mg) 

Sodmm  and  potassium  (Na+K). 

Silica  (SiOi)..-^ 

Iron  oxide  ( FeiOj) 

Salinity,  parts  per  million 


The  water  of  Embarrass  River  at  Charleston  is  very  much  like 
all  the  river  waters  in  the  section  of  Illinois  covered  by  the  glacial 
drift.  On  account  of  the  fact  that  the  drainage  basin  above  Charles- 
ton is  somewhat  thinly  populated,  the  proportion  of  sodium  and 
chlorine  is  lower  than  in  most  of  the  streams  of  the  State.  It  is 
probable  that  the  character  of  the  water  remains  fairly  constant 
through  its  course  down  to  a  point  a  short  distance  above  Lawrence- 
ville. 

The  water  from  the  river  at  Lawrenceville  is  entirely  different 
from  that  at  Charleston,  the  change  consisting  almost  whoUy  of  a 
large  increase  in  sodium  and  chlorine.  Table  43  shows  that  its  per- 
centage composition  also  varies  very  much  throughout  the  year. 
This  may  be  due  in  large  measure  to  the  effect  of  the  water  draining 
from  oil  wells  above  Lawrenceville.  The  beginning  of  the  great 
activity  in  the  oil  industry  in  southern  Illinois  occurred  during  the 
time  covered  by  these  analyses.  If  the  river  continues  to  receive 
waste  waters  from  the  oil  wells  it  will  be  of  very  little  value  as  a 
source  of  supply  either  for  municipal  use  or  for  manufacturing. 

LITTLB  WABASH  BIVZR. 

Drainage. — Little  Wabash  River  drains  3,000  square  miles  in  south- 
eastern Illinois,  entering  the  Wabash  8  miles  in  a  direct  hne  from  the 
latter's  junction  with  the  Ohio.  From  its  source  in  the  ShelbyviUe 
morainic  system,  in  southwestern  Coles  County,  it  flows  slightly  west 
of  south  for  50  miles  and  then  east  of  south  to  its  mouth,  a  distance 
in  a  direct  line  of  about  75  miles.  Its  largest  tributary  is  Skillet 
Fork,  which  has  a  drainage  area  of  about  1,000  square  miles  and  a 
length  in  a  straight  line  of  about  65  miles;  it  enters  the  Little  Wabash 
from  the  west  just  above  Carmi. 

Municipal  supplies, — The  cities  of  Effingham  and  Carmi  are  sup- 
plied with  water  from  the  Little  Wabash.  No  analyses  were  made 
of  the  water  at  EflSngham,  but  an  analysis  by  the  Illinois  State  Water 
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Survey  *  indicates  that  it  resembles  the  river  waters  of  northern  Illi- 
nois. The  water  at  Canni  is  pumped  from  the  river  to  a  standpipe, 
from  which  it  is  distributed  through  the  mains. 

Samples. — Samples  were  collected  from  the  river  at  Canni  by  Mr. 
Samuel  Morgan,  engineer  of  the  waterworks. 

Quality  of  water. — Analyses  of  the  composite  samples  from  Canni 
are  given  in  Table  44.  The  percentage  composition  of  the  dry  residue 
is  given  in  Table  17. 

The  quaUty  of  water  at  Canni  is  exceedingly  variable,  probably 
owing  in  some  measure  to  the  influence  of  Skillet  Fork,  the  drainage 
basin  of  which  is  typical  of  southern  Illinois.  The  average  variation 
in  dissolved  soUds  at  Carmi  is  17  per  cent  of  the  mean  value,  and  the 
range  from  maximum  to  minimum  is  73  per  cent  of  the  mean  value. 

During  the  greater  part  of  the  time  water  from  Little  Wabash 
contains  a  large  amount  of  finely  divided  material  which  can  not  be 
removed  by  any  simple  filtration.  On  account  of  the  small  amounts 
of  calcium  and  magnesium  in  the  water  it  is  very  satisfactory  for 
use  in  steam  boilers  or  for  any  other  purpose  where  the  turbidity  and 
iron  do  not  cause  inconvenience. 

CACHE   RIVER. 

Drainage. — ^Although  Ohio  River  once  discharged  wholly  or  in  part 
through  the  Cache  Valley,  the  region  now  drained  by  Cache  River 
has  an  area  of  only  about  600  square  miles,  comprising  the  great  part 
of  the  State  south  of  the  Ozark  ridge.  There  are  extensive  swamps 
in  the  drainage  basin  of  Cache  River,  but  it  is  nevertheless  subject 
to  floods  of  considerable  magnitude. 

Samples. — Daily  samples  were  collected  and  daily  gage  heights 
read  by  Mr.  J.  F.  Anderson  at  the  Illinois  Central  pumping  station 
where  the  railroad  crosses  the  river  below  Mounds. 

Quality  of  water. — Analyses  of  the  composite  samples  from  Mounds 
are  given  in  Table  45.  In  Table  17  is  given  the  percentage  composi- 
tion of  an  average  analysis  for  each  of  the  three  rivers  draining  the 
southern  part  of  the  State.  Although  the  Muddy  differs  from  the 
other  two  more  than  they  do  from  each  other,  still  the  similarity  of 
the  three  waters  is  evident  from  a  study  of  the  percentage  composi- 
tion. They  all  contain  a  much  larger  percentage  of  sodium  salts  than 
the  rivers  of  northern  lUinois.  The  proportion  of  magnesium  to 
calcium  is  very  much  less  than  in  the  northern  rivers.  The  Muddy 
contains  more  sulphate  than  carbonate  on  account  of  the  mine 
drainage  referred  to  on  page  40.  The  proportion  of  silica  in  these 
streams  is  much  larger  than  that  in  the  northern  rivers.  Part  of  this, 
silica  is  not  actually  in  solution  in  the  water  but  is  in  the  finely 
divided  suspended  matter  which  was  not  removed.     In  the  sum  of  the 

o  Bartow,  Edward,  Municipal  water  supplies  of  Illinois:  Bull.  Univ.  Illinois,  October  21, 1007. 
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radicles,  which  is  given  in  Table  17  as  salinity,  no  account  is  taken  of  the 
material  insoluble  in  hydrochloric  acid  and  not  volatilized  by  hydro- 
fluoric acid,  although  this  amounted  in  many  samples  to  as  much 
as  five  parts  per  million.  On  this  account  the  salinity  is  noticeably 
lower  than  the  values  obtained  for  the  dissolved  soUds. 

"With  the  exception  of  the  waters  of  some  reservoirs  or  ponds,  cer- 
tain shallow  wells,  and  Lake  Michigan,  these  river  waters  are  the 
softest  in  the  State  and  are  thus  excellent  for  use  in  steam  boilers. 
The  large  amount  of  iron,  which  can  not  be  removed  without  a 
coagulant,  makes  the  waters  unsatisfactory  for  laundry  use. 

Table  17. — Percentage  compontion  of  dry  residue  from  filtered  river  water  in  southern 

Illinois. 


Cvbooate  (COi) 

8iiiphAt«  (SOO 

Chlorine  (a) 

Nltrat«(NO,) 

C»lclain(Ca) 

Maniesiuin  (Mu) 

SoSom  and  potassium  (Na+K) 

8Uka(SIO,) 

Iran  oxide  (FeiOi) 

Salinity,  parts  per  million 


Muddv  Little 

River  at    I  Wabash 

Murphys-  '  River  at 

boro.      ,  Carmi. 


17.1 

35.0 
6.2 
1.0 

12.2 
5.6 
9.9 

11.5 
1.5 


100.0 


206  I 


27.6 

20.3 
4.7 
1.3 

12.6 
5.8 
9.5 

16.5 
1.8 


100.0 


158 


Cache 
River  at 
Mounds. 


31.1 
14.0 

5.0 

1.5 
14.0 

4.4 
11.1 
16.2 

2.7 


100.0 


136 


OHIO   RIVER. 

Ohio  River  is  used  as  a  source  of  supply  by  the  cities  of  Groiconda 
and  Metropolis,  and  at  one  time  furnished  part  of  the  mimicipal  sup- 
ply of  Cairo.  No  analyses  were  made  in  Illinois  of  water  from  Ohio 
River,  as  it  has  been  extensively  studied  at  a  number  of  places,  espe- 
cially Cincinnati  and  Louisville,  where  it  is  used  as  a  source  of  city 
supply.  It  is  the  usual  turbid,  hard  water  of  a  stream  entering  the 
Mississippi  from  the  east.  Where  well  water  can  be  obtained  along 
its  shores,  it  is  usually  much  better  than  the  river  water,  so  that  the 
only  use  for  the  river  water  is  in  cities  too  large  to  be  supplied  by 

MUNICIPAL  SX7PPLIES. 

It  is  usuaUy  believed  that  any  community  with  a  population  of 
over  1,000  should  have  a  common  water  supply.  Many  cities  in 
Illinois  with  less  than  1,000  inhabitants  have  municipal  supplies, 
while  only  a  few  with  more  are  without  one,  and  most  of  these  are 
considering  the  question  of  installing  a  waterworks  system. 

WELLS. 

For  individual  supplies  wells  have  long  been  the  most  satisfactory 
source.     In  Illinois  these  may  be  shallow  wells  15  to  30  feet  deep. 
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.>ply  furnish  a  water  of  high  turbidity,  which  must  be  removed  to 
;tke  the  water  attractive  in  appearance.  In  many  places  this  tur- 
iity  is  caused  by  particles  of  extremely  small  size,  often  of  a  size 
•inparable  with  that  of  bacteria,  and  any  process  which  will  effec- 
.  ely  remove  them  will  at  the  same  time  remove  the  bacteria  which 
.ly  be  dangerous.  In  several  cities  where  no  purification  of  the 
iter  is  attempted,  the  municipal  supply  is  not  used  for  domesMc 
irposes. 

Sedimentation, — ^The  simplest  method  of  purification  of  a  turbid 
iter  is  mere  sedimentation.     If  a  number  of  the  surface  waters  of 
linois  are  subjected  to  sedimentation  for  a  few  days  a  large  propor- 
on  of  the  suspended  matter  will  be  removed,  but  for  most  waters  of 
'le  State  mere  sedimentation  is  not  likely  to  prove  satisfactory. 
^he  suspended  matter  consists  of  particles  so  small  that  they  settle 
ery  slowly,  and  to  allow  sufficient  time  for  satisfactory  sedimenta- 
tion would  require  the  building  of  very  large  storage  reservoirs.     The 
tmount  of  land  necessary  for  these  reservoirs,  together  with  the  cost 
of  construction,  makes  this  method  out  of  the  question  for  the  clarifi- 
f^ation  of  the  water. 

SandJUtration. — At  a  few  places  in  Illinois  purification  of  the  water 
is  accomplished  by  means  of  slow  sand  filtration.  If  a  water  is  com- 
paratively free  from  turbidity,  slow  sand  filtration  is  a  very  effective 
method  of  purifying  it.  Ordinarily  turbidity  and  bacteria  are  very 
effectively  removed  and  the  effluent  is  clear  and  safe  for  drinking. 
The  changes  in  the  mineral  content  of  the  water  caused  by  filtering 
through  a  layer  of  sand  and  gravel  3  to  6  inches  deep  are,  however, 
not  of  any  consequence. 

Mechanical  filtration. — Illinois  waters  very  rarely  lend  themselves 
to  treatment  by  slow  sand  filtration,  on  account  of  the  fineness  of  their 
suspended  matter,  and  to  meet  the  needs  of  water  of  this  class  the 
process  known  as  mechanical  filtration  has  been  devised.  In  this 
process  the  water  is  treated  with  a  certain  amount  of  some  chemical 
or  chemicals  which  will  form  a  large,  flaky  precipitate  or,  as  it  is 
called,  coagulant.  The  water  with  this  precipitate  is  then  flowed 
upon  a  filter  of  coarse  sand,  through  which  it  filters  very  rapidly,  giving 
an  effluent  perfectly  clear  and  fairly  free  from  bacteria.  In  this  proc- 
ess the  fflters  soon  become  clogged  with  the  precipitate  which  holds 
the  bacteria  and  suspended  matter  of  the  water.  Therefore  after 
running  a  short  time  the  supply  of  water  is  shut  off  and  clear  filtered 
water  is  forced  back  through  the  sand  to  wash  away  the  film  of  pre- 
cipitate from  the  top.  This  process  wastes  some  of  the  pure  ffltered 
water.  One  disadvantage  of  this  form  of  treatment  is  that  it  requires 
much  more  expert  attention  than  a  slow  sand  filter.  Another  dis- 
advantage is  that,  as  sometimes  operated,  the  effluent  from  a  mechan- 
ical filtration  plant  is  much  less  satisfactory  than  the  untreated  water 
for  many  industrial  uses. 
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Some  of  tlie  earlj  mechanical  filtnuioa  plants  accomplished  the 
removal  of  sik  and  bacteria  by  the  addition  of  no  chemical  except 
aluminum  sulphate,  wliich,  reacting  with  the  calcium  and  magnesium 
bicarbonates  of  the  water,  would  gire  a  precipitate  of  aluminum 
hydroxide.  This  precipitate  is  the  best  coagulant  known.  It  carries 
down  with  itself  all  the  finely  drvided  suspended  matter,  much  of  the 
color  of  the  water,  and  a  very  large  propcfrtkai  of  the  bacteria. 

With  a  water  deficient  in  bicarbonates,  it  is  sometimes  difiicult  to 
obtain  a  satisfactory  precipitate  by  the  addition  of  aluminum  sulphate 
alone.  In  the  early  days  of  mechanical  filtration  about  the  only 
directions  furnished  by  those  who  erected  the  plants  were  that  when 
the  water  was  clear  a  small  amoimt  of  alum  should  be  added  and  that 
when  the  water  became  turbid  a  larger  amoimt  should  be  used.  At 
the  time  when  analyses  were  being  made  for  this  report  difficulty  was 
experienced  at  the  Kankak^  waterworks  in  obtaining  satisfactory 
clarification  for  the  water,  which  was  at  a  very  high  stage.**  Alu- 
minum sulphate  was  being  added  to  the  water  at  the  rate  of  about  14 
grains  to  the  gallon.  From  analyses  of  the  composite  samples  from 
Kankakee  River  at  this  time,  however,  it  was  evident  that  all  the 
bicarbonates  in  one  gallon  of  water  would  combine  with  only  about  2 
grains  of  alum,  leaving  for  the  consumers  the  other  12  grains  which 
was  being  added  to  the  water.  Thus  the  aluminum  sulphate  was 
being  wasted,  the  water  was  rendered  less  valuable  to  the  consunlers, 
and  it  was  not  clarified  in  a  satisfactory  manner.  At  present  the 
Kankakee  River  water  is  being  treated  before  filtration  with  lime  and 
sulphate  of  iron  in  such  proportions  as  to  improve  the  character  of 
the  water  for  industrial  purposes,  and  at  the  same  time  to  make  it 
clear  and  safe  for  drinking.  . 

Softening, — For  a  number  of  years  the  Mississippi  water  at  Quincy 
has  been  treated  with  lime  and  sulphate  of  iron  in  such  proportions  as 
materially  to  decrease  its  hardness.  If  the  water  is  thus  softened  the 
amount  of  scale-forming  materials  will  be  so  much  decreased  that  with 
care  in  operation  there  will  be  much  less  scale  formed  than  with  the 
untreated  water.  In  some  studies  which  have  been  made  by  the 
Illinois  State  Water  Survey*  it  has  been  pointed  out  that  the  cost 
of  i)artial  softening  is  in  many  cases  a  very  small  proportion  of  the 
coHt  of  softening  to  the  greatest  possible  extent;  and  it  is  probable 
that  with  proper  management  most  of  the  surface  waters  of  Illinois 
that  are  used  for  municipal  supply  could  be  softened  to  such  an  extent 
lis  to  increase  their  value  materially  without  adding  very  much  to 
tlu'ir  cost.     No  municipaUty   in   Illinois   attempts  to  remove  the 

o  Mr.  ('obb,  ivuperintendent  of  the  waterworks,  has  described  this  experience  In  a  paper  read  before  the 
IIUnul.H  Hwloty  of  Knglnwrs  and  Surveyors.    See  Eng.  News,  vol.  69,  p.  119. 

^  Murlow.  K.,  and  Llndgren,  J.  M.,  Some  reactions  during  water  treatment:  Jour.  Am.  Chem.  8oc.,  vol. 
w.  p.  \\m. 
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permanent  hardness  from  water,  the  softening  consisting  merely  in 
adding  to  the  water  more  lime  than  is  necessdry  to  combine  with  the 
sulphate  of  iron  or  aluminum  which  is  used  to  furnish  the  coagulant 
for  clarification. 

INDTJSTBIAL  USES  OF  WATEB. 
GENERAL   STATEMENT. 

Of  the  water  used  in  lUinois,  where  the  amount  and  character  of 
the  dissolved  mineral  matter  are  of  great  importance,  by  far.  the 
largest  quantity  is  used  in  the  production  of  steam  power.  Many 
other  extensive  uses,  however,  require  water  of  the  same  quality  as 
is  needed  for  the  generation  of  steam;  for  instance,  in  slaughtering 
and  preparing  meat  products  much  hot  water  of  that  grade  is  required. 
Laundry  work  can  not  be  well  done  with  a  water  containing  a  large 
amount  of  calcium  or  magnesium  salts,  or  with  water  that  is  not 
clear  and  free  from  iron.  The  quality  of  distilled  and  malt  liquors 
depends  very  largely  on  the  kind  of  water  used  in  the  treatment  of 
the  grain.  Calcium  sulphate  is  said  to  have  a  beneficial  effect,  but 
laige  quantities  of  sodium  or  calcium  chloride  are  supposed  to  be 
injurious.  Of  course  a  clear  water  free  from  organic  matter  is  to  be 
desired.  The  distilleries  in  Illinois  generally  use  well  water.  The 
manufacturers  of  soap,  candles,  glucose,  leather,  and  several  minor 
products  all  require  certain  degrees  of  purity  in  the  water  used.  In 
the  manufactured  iron,  steel,  and  foundry  products,  on  the  other 
hand,  the  chief  requirement  in  the  way  of  water  is  for  power.  .In 
general,  the  best  water  for  industrial  use  is  clear,  soft  water. 

LAUNDRY   WATER. 

Very  few  river  waters  of  Illinois  are  suitable  for  laundry  work 
without  some  form  of  purification.  Those  in  the  northern  part  of 
the  State  are  hard  and  most  of  those  in  the  southern  part,  where 
some  river  and  reservoir  waters  are  soft  enough  to  be  used,  are  turbid 
and  contain  much  iron.  For  individual  family  washing  the  problem 
is  easily  solved  in  all  parts  of  the  State,  as  the  rainfall  is  great  enough 
to  furnish  a  supply  of  rain  water  at  all  times  of  the  year  if  a  cistern 
of  sufficient  capacity  is  constructed  and  the  rain  collected  on  the 
roof  is  stored  in  the  cistern. 

This  method,  however,  is  not  usually  possible  for  laundries  which, 
in  Illinois,  must  nearly  always  soften  their  water  supply  in  some 
manner,  whatever  its  source.  To  use  enough  soap  to  soften  the 
water  and  then  make  a  suds  is  very  expensive  and  usually  unsatis- 
factory. The  calcium  and  magnesium  in  the  water  form  insoluble 
soaps  which  are  not  easy  to  remove  from  the  clothes  and  which  make 
spots  when  the  articles  are  ironed.     Many  laundries  soften  the  water 
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by  the  liberal  use  of  lye  and  other  chemicals  which  are  applied  in  no 
very  definite  amounts.  The  most  satisfactory  and  economical 
method  for  softening  ordinary  Illinois  waters  for  laundry  use  is  by 
a  plant  such  as  is  used  for  treating  boiler-feed  water.  Where  such  a 
plant  has  been  properly  installed  and  has  been  managed  with  ordi- 
nary care,  the  saving  in  soap  or  softening  chemicals  has  paid  for  the 
plant  in  a  few  years,  leaving  the  improvement  in  the  laundering  as 
clear  gain. 

STEAM-BOILER   WATER. 

The  census  of  manufactures  of  Illinois  for  1905  gives  the  amount  of 
steam  power  used  in  the  State  for  manufacturing  as  651,578  horse- 
power. This  does  not  include  the  power  generated  by  locomotives 
nor  a  large  amount  of  steam  generated  for  heating. 

It  is  not  easy  to  figure  the  amount  of  water  used  in  the  difi'erent 
forms  of  steam  production.  The  railway  locomotive  uses  up  the  most. 
The  less  efficient  types  of  stationary  engines  waste  much  steam  and 
condense  little  to  be  fed  to  the  boiler  again.  Steam-heating  plants, 
on  the  other  hand,  condense  their  steam  and  return  it  to  the  boiler, 
very  Uttle  fresh  water  being  added.  In  manufacturing  the  practice 
varieSi  ranging  from  one  extreme,  where,  as  in  a  locomotive,  no  steam 
is  condensed,  to  the  other  extreme,  where,  as  in  a  heating  plant, 
practically  all  the  steam  is  condensed  and  used  over  again. 

Troubles  in  a  steam  boiler  where  hard  water  is  used  are  very  largely 
dependent  on  the  amount  of  fresh  water  put  into  the  boiler.  Many 
feed  waters  contain  small  amounts  of  carbonates  or  bicarbonates  and 
large  amounts  of  chlorine  with  much  magnesium  and  cause  serious 
corrosion  of  the  shells  and  tubes  of  boilers.  Such  waters  are  usually 
best  treated  by  the  method  outlined  below  for  softening  hard  waters. 
A  very  few  surface  waters  are  corrosive.  These  are  found  mainly  near 
the  coal  mines,  where  the  water  is  made  acid  by  the  mine  drainage. 
Unless  the  acidity  is  too  great  it  may  be  corrected  by  the  use  of  soda 
ash,  but  the  best  remedy  is  to  avoid  water  that  receives  mine  drainage. 

Nearly  all  the  waters  used  in  Illinois  for  the  production  of  steam 
contain  large  amounts  of  salts  of  calcium  and  magnesium,  which  cause 
much  trouble  in  boilers,  forming,  unless  very  carefully  watched,  a  con- 
siderable amount  of  scale.  If  a  water  contains  enough  carbonate  and 
bicarbonate  to  combine  with  all  the  calcium  and  magnesium  present, 
the  calcium  and  magnesium  are  separated  in  a  flocculent  form  when 
the  water  is  fed  into  a  boiler  and  heated.  This  material,  together  with 
the  material  suspended  in  the  water,  falls  to  the  bottom  of  the  boiler 
as  a  soft  sludge  and  may  be  blown  out  from  time  to  time.  None  of 
the  waters  that  have  been  analyzed  in  the  preparation  of  this  report, 
however,  contain  enough  carbonate  and  bicarbonate  to  combine 
with  all  the  calcium  and  magnesium.     As  a  result,  when  a  boiler  using 
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any  of  these  waters  is  run  for  some  time,  calcium  and  sulphates 
accumulate  to  such  an  extent  that  calcium  sulphate  is  precipitated 
on  the  shell  or  the  tubes  of  the  boiler.  This  precipitate  serves  as 
a  cement  and  makes  a  hard  coherent  mass  out  of  the  soft  sludge 
formed  by  the  precipitation  of  the  carbonates,  bicarbonates,  and  sus- 
pended matter.  This  suspended  matter,  which  is  often  as  much  as  the 
dissolved  material  in  the  water,  causes  the  river  waters  to  form  much 
more  scale  than  would  be  formed  by  a  clear  water  containing  the  same 
dissolved  mineral  matter. 

SOFTENING. 

At  many  small  power  plants  water  in  steam  boilers  is  treated  with 
so-called  boiler  compounds.  These  compounds  are  many  and 
greatly  varied  in  character.  Their  most  valuable  constituent  is  soda 
ash;  some  compounds  contain  sugar,  tannin,  and  various  other  or- 
ganic substances.  Very  few  of  these  compounds  are  any  better  than 
plain  soda  ash  and  many  are  worse.  Their  only  advantage  is  in  pre- 
venting the  formation  of  hard  scale,  for,  with  or  without  their  use,  the 
salts  of  calcium  and  magnesium  will  accumulate  in  the  form  of  sludge 
and  must  be  blown  out. 

In  a  good  many  plants,  especially  in  some  of  moderate  size,  the 
water,  before  reaching  the  boiler,  is  purified  to  a  certain  extent  simply 
by  heating.  This  causes  a  separation  in  the  heater  of  a  considerable 
proportion  of  the  substances  which  would  otherwise  be  separated  in 
the  boiler.  This  method  is  not  a  great  improvement  over  using  the 
water  without  any  purification,  the  main  difference  being  that  the 
sludge  has  to  be  removed  from  the  feed-water  heater  rather  than  from 
the  boiler.  Sometimes  the  water  in  its  passage  through  the  heater 
is  treated  with  sodium  carbonate  or  soda  ash;  when  properly  con- 
ducted this  process  insures  the  removal  of  practically  all  the  cal- 
cium and  magnesium,  leaving  nothing  to  go  into  the  boiler  that  can 
form  hard  scale. 

The  best  steam-boiler  practice  is  to  so  soften  the  water  that  no 
calcium  and  magnesium  salts  can  be  precipitated  within  the  boiler. 
To  accomplish  this  purpose  the  cold  water  is  usually  treated  with 
lime  and  soda  ash,  which  are  dissolved  in  water  either  separately  or 
together  and  mixed  in  definite  proportion  with  the  water  to  be 
treated.  In  ordinary  water-softening  practice  it  is  customary  to 
add  a  quantity  of  lime  equivalent  to  the  calcium  and  magnesium 
present  in  the  water  as  bicarbonates,  and  soda  ash  equivalent  to  all 
the  calcium  and  magnesium  not  present  in  the  form  of  bicarbonates. 
A  further  quantity  of  lime  is  added  equivalent  to  all  the  magnesium 
present,  whether  as  bicarbonate  or  as  some  other  salt.  Still  more 
lime  is  added  to  unite  with  the  excess  of  carbon  dioxide  in  the  water 
above  the  amount  necessary  to  form  bicarbonates.     Other  factors,  as 
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the  presence  of  sodium  bicarbonate,  iron,  aluminum,  and  other  sub- 
stances, affect  the  amount  of  chemicals  to  be  added,  but  the  treatment 
outlined  above  has  proved  satisfactory  with  many  Illinois  surface 
waters.  If  the  dosing  is  properly  done,  practically  all  the  lime  and 
magnesium  are  precipitated,  settling  to  the  bottom  of  the  tank  in 
which  the  reaction  is  carried  out.  The  clear  water  is  then  perfectly 
satisfactory  for  use  in  a  boiler.  It  still  contains  enough  salts  of  cal- 
cium and  magnesium  to  prevent  corrosion,  but  not  enough  to  form 
any  scale  if  the  boiler  is  blown  off  reasonably  often.  River  waters  in 
Illinois  carry  so  much  suspended  matter  that  it  is  well  worth  while  to 
go  to  some  expense  to  keep  it  out  of  a  boiler. 

In  order  that  the  different  waters  which  have  been  studied  for  this 
report  may  be  compared  as  to  their  value  for  the  production  of  steam, 
the  cost  of  softening  has  been  calculated  from  the  average  analysis  of 
the  water  from  each  station.  In  Table  18  are  given  the  results  of  this 
calculation,  showing  the  amount  of  lime  and  the  amount  of  soda  ash 
needed  to  soften  1,000  gallons  of  the  water.  The  cost  is  figured  on 
the  basis  of  0.3  cent  a  pound  for  pure  lime  (CaO)  and  1 .2  cents  a  pound 
for  pure  sodium  carbonate  (Na,CO,).  Commercial  lime  and  soda  ash 
can  easily  be  bought  at  prices  enough  below  these  to  offset  the  differ- 
ence in  amount  of  pure  CaO  and  NajCO,.  The  figures  form  an  ap- 
proximate measure  of  the  value  of  the  water  for  steaming  purposes. 
There  is  a  great  difference  between  the  cost  of  0.27  cent  per  1,000  gal- 
lons for  Lake  Michigan  or  0.16  cent  for  Cache  River  and  the  cost  of 
over  1  cent  for  Vermilion  River  at  Streator  or  Fox  River  at  Ottawa. 
The  range  from  0.6  cent  to  1.1  cents  per  1,000  gallons  will,  however, 
include  the  river  waters  which  are  most  used.  The  rise  from  about 
0.4  cent  at  Moline  and  Quincy  to  0.65  cent  at  Chester  shows  the  great 
influence  of  Missouri  River  on  the  quality  of  the  Mississippi  River 
water. 

The  actual  cost  of  softening  1,000  gallons  of  water  from  any  of 
these  rivers  would  of  course  be  much  more  than  is  given  in  the  table, 
for  it  must  include  depreciation  of  the  plant,  interest  on  the  invest- 
ment, and  expense  of  operation.  These  items  depend,  however,  more 
on  the  size  of  the  installation  than  on  the  quality  of  the  water.  In 
a  few  places  the  great  variability  in  quality  causes  a  slight  increase 
in  the  cost  of  operation  by  requiring  special  care  to  make  the  doses 
of  chemicals  correspond  to  the  variations  in  the  water,  but  it  is  more 
usual  to  allow  this  variation  in  quality  to  appear  in  the  over  or  under 
treatment  of  the  water,  the  dose  remaining  the  same. 
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Soufce. 

Stotion. 

Chemicals  required  per 
thousand  gallons. 

Cost  per 
thousand 
gallons. 

Lime 
(CaO). 

Soda  ash 
(NaiCO,). 

Pound*. 
0.03 
.06 
.26 
.16 
.06 
.07 
.16 
.48 
.27 
.49 
.52 
.21 
.23 
.20 
.42 
.40 
.31 
.21 
.22 
.47 
.10 
.10 
.29 
.34 
.19 
.25 
u 

Jm\^  Mk»)i<fnui 

Chlcaffo 

Pound*. 
0.78 
.20 
.35 
.39 
.24 
1.45 
1.53 
1.23 

i.eo 

1.67 
1.48 
1.52 
1.41 
1.46 
1.20 
1.16 
1.16 
1.51 
1.20 
.51 
.83 
.98 
.96 
1.41 
1.41 
l.U 
.51 

Ceni*. 
0.27 

B«ivy£??^::::::;:::::::::::::::::: 

cSrSS!::::::::::::::::::::: 

.16 

Do 

If^irlnn 

.41 

Do 

Cypress 

.31 

Do 

Joppa 

.14 

Rock  River 

Rocklbrd 

.52 

Do 

Sterling 

.64 

KMikftkfi# 

.94 

Pox  River 

Elgin 

.80 

Do 

Ottawa 

l.OB 

Vermilion  River  (of  Illinois  River) 

Streator 

1.07 

Decatur 

.71 

Do 

Sprlnefleld 

.09 

Do 

ChandlerviUe 

.68 

TTttnote  Rl^er 

La  Salle 

.87 

Do 

Peoria 

.83 

Do 

KsunpfvillP , , . 

.72 

lf#iWiffHii  Rl^fr 

ShelbyvlUe 

.70 

Do 

Carlyfe 

.62 

ModdT  River 

Murphysboro 

.71 

MtofffewlppI  Rfv^ 

MoUne 

.37 

Do  -'. '. 

Quincy 

.41 

Do 

Chester 

.64 

Vermilion  River  (of  Wabash  River). . . . 

Danville 

.83 

FTQbarrass  Rlver^ ....,,.,,,,...  

Charleston 

.65 

Do 

Lawrenoeville 

.63 

UUIe  Wabash  River 

Carmi 

.32 

(^aclie  River 

Mounds 

.44  ,               .02 

.16 

CONCLUSIONS. 

1.  Compared  with  surface  waters  of  the  United  States  as  a  whole, 
the  surface  waters  of  Illinois  are  fairly  uniform  in  quality  throughout 
the  State. 

2.  The  best  large  supply  of  water  in  the  State  is  Lake  Michigan. 

3.  Water  in  the  reservoirs  and  rivers  of  the  southern  part  of  the 
State  is  softer  than  that  of  northern  rivers.  The  turbidity  is  less  in 
the  northern  rivers  and  is  much  more  easily  removed  than  that  of 
the  southern  streams. 

4.  None  of  the  river  waters  are  clear  enough  to  furnish  a  satisfac- 
tory city  supply  without  treatment.  Treatment  which  will  clarify 
the  water  and  give  it  a  pleasing  appearance  can  be  made  to  yield  from 
most  rivers  a  water  safe  for  drinking. 

5.  The  value  for  industrial  use  of  nearly  all  the  surface  waters  may 
be  greatly  increased  by  softening. 

6.  The  daily  and  seasonal  variations  in  quality  render  necessary 
careful  daily  supervision  to  insure  the  best  results  in  any  form  of 
purification. 

7.  The  quality  of  Illinois  River  water  is  made  more  uniform  by  the 
operation  of  the  Chicago  drainage  canal. 

8.  The  impounding  of  flood  waters  for  the  purpose  of  regulating  the 
discharge  of  the  rivers  would  greatly  improve  the  quality  of  the  wa*^- 
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The  turbidity  would  be  decreased,  and  the  variations  in  amount  of 
dissolved  material  would  be  much  less.  The  extreme  values  occur  in 
the  times  of  very  high  and  very  low  water,  which  would  be  eliminated 
by  the  impounding. 

AKALYTICAL  TABLES. 

Tablb  19. — Mineral  analyses  ofwater/rom  reservoir  near  CarUer,  III. 
[Parts  per  mflllon  iml«n  otherwise  stated.) 


Date 
(lfl0«-7). 

1 

1    i 

1 

i 
i 

1 

k 

ig 

r 

1 
1. 

l« 

1 

1 
I. 

1 
I. 

j 

From— 

To- 

1 

1 

|i 

t 
1 

1 

j 

SO 

5 

|| 

o 

Aug.    1 

Aug. 

10 

120 

44 

0.4 

12 

a40 

13 

6.1 

0.0 

45 

20 

3.2 

8.2 

MB 

Aug.  11 

Aug. 

20 

50 

19 

.4 

7.4 

.60 

4.6 

4.C 

7.1 

.0 

2£ 

11 

1.8 

1.2     62 

Aug.  21 

Aug. 

30 

eo 

25 

.4 

6.8 

.66 

11 

6.7 

14 

.0 

46 

16 

3.0 

2.6^    82 

Aug.  31 

Sept. 

9 

30 

18 

.6 

7.fl 

.06 

8.0 

3.8 

6.6 

.0 

30 

10 

2.0 

2.0     M 

B«pt.  10 

Sept. 

19 

30 

15 

.5 

9.2 

.12 

8  1 

3.« 

6.0 

.0 

29 

12 

L6 

2.0^    67 

Sept.  20 

Sept. 
Ocl 
Oct. 
Oct. 
Not. 

29 

60 

23 

.4 

6.4 

.10 

U 

4.C 

6.7 

.0 

32 

11 

2.0 

3.0   as 

Sept.  30 
Oct.   10 

9 
13 

% 

.0 
.0 
.0 
.0 

Oct.   26 

Oct.  30 

30 

m 

.5 

11 

.25 

11 

7.6 

8.1 

47 

17 

2.0 

3.0 

81 

Not.    9 

Not. 

19 

50 

19 

.4 

7.3 

.60 

9.1 

4.6 

8.2 

.c 

39 

18 

1.5 

4.5 

76 

Not.  20 

Not. 
Dec 

30 
10 

.0 
.0 

Dec.    2 

30 

17 

.6 

9.6 

1.6 

6.4 

2.4 

11 

31 

17 

2.0 

8.7 

^ 

Dec.  U 

Dec. 

20 

100 

53 

.5 

13 

2.0 

11 

6.3 

8.6 

.0 

17 

3.0 

4.0 

93 

Dec.  21 

Dec. 

31 

50 

26 

.5 

14 

1.6 

6.8 

4.9 

6.8 

.0 

35 

19 

2.5 

3.2 

82 

Jan.     1 

Jan. 

10 

105 

36 

.3 

28 

.06 

5.0 

3.6 

8.0 

.0 

41 

IC 

3.0 

4.0 

106 

Jan.   U 

Jan. 

18 

100 

23 

.2 

26 

1.7 

9.2 

3.5 

12 

.0 

36 

21 

2.0 

5.0 

122 

Jan.   21 

Jan. 

31 

50 

34 

.7 

15 

1.5 

8.5 

3.6 

7.6 

.6 

25 

17 

1.5 

3.7 

80 

Feb.     1 

Feb. 

9 

40 

15 

.4 

16 

1.2- 

7.4 

2.2 

9.6 

.0 

32 

18 

2.7 

5.0 

95 

Feb.  11 

Feb. 

1« 

40 

30 

.8 

21 

2.3 

6.1 

2.€ 

12 

.0 

27 

18 

1.0 

8.0 

93 

Feb.  19 

Feb. 

28 

50 

29 

.6 

17 

2.5 

7.0 

L7 

11 

.0 

30 

17 

1.4 

6.0 

90 

Mar.     1 

Mar. 
Mar. 

10 
20 

.0 
.0 

Mar.  11 

120 

51 

.4 

19 

2.1 

7.4 

3,6 

12 

27 

19 

2.6 

7.5 

89 

Mar.  21 

Mar. 

31 

100 

65 

.fl 

18 

4.6 

7.7 

3.3 

10 

.0 

25 

19 

3.0 

6.5 

100 

Apr.     1 

Apr. 

10 

100 

31 

.3 

20 

1.9 

9.6 

2.8 

9.5 

.0 

37 

21 

1.6 

6.0 

118 

Apr.  11 

Apr. 

20 

70 

27 

.4 

21 

2.6 

7.9 

2,6 

8.7 

.0 

27 

17 

1.7 

5.8 

100 

Apr.  21 
May     1 
May  11 

May 

30 
10 
2D 

90 

29 

.3 

23 

2.8 

12 

2.7 

6.5 

.0 
.0 
.0 

22 

27 

1.0 

4.5 

99 

120 

80 

.7 

11 

.74 

8.5 

2.7 

11 

27 

1^ 

3.0 

7.0 

83 

May  21 

May 

31 

140 

27 

.2 

29 

11 

11 

2.7 

6.9 

.0 

20 

18 

1.2 

7.0 

128 

June    1 

June 
June 

10 
20 

.0 
.0 

June  11 

100 

71 

.7 

27 

2.8 

14 

3,2 

9.2 

35 

14 

2.  J 

6.5 

117 

June  21 

June 

30 

90 

7C 

.8 

17 

3.2 

12 

2.7 

6.5 

.c 

51 

14 

3.0 

7.8 

100 

July     1 

July 

10 

65 

25 

.4 

26 

3.2 

10 

l.fl 

«.9 

.0 

4^ 

14 

l.(^ 

6.3 

116 

July  11 

July 
July 

20 
31 

.0 
.0 

July  21 

35 

16 

.4 

14 

1.0 

9.8 

4.2 

6.0 

46 

14 

1.7 

7.3 

83 

Mean 

72 

33 

.5 

16 

1.9 

9.0 

3.6 

8.6 

,0 

34 

16 

2.1 

6.2 

98 

Per  ct.  of  anhy- 

drous residue... 

20.0 

a3.4 

11.4 

4.5 

.0.8 

20.8 

20.0 

2.6 

6.6 

aFesOi. 
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Table  20. — Mineral  analyBes  of  water  from  reservoir  near  Marion,  III, 
[Parts  per  million  unless  otherwise  stated.] 


Date 

(1906-7). 

it 
1 

{ 

1 

1 

«8 

i 

! 

k 

go 

1^ 

r 

ii 

1 

j 

Fram — 

To- 

Aag.  1 

Aof.  10 

30 

18 

0.6 

15 

aso 

18 

12 

22 

0.0   75 

54 

0.5 

7.7 

179 

Aug.  11 

Aug.  20 

135 

47 

.3  8.0 

.14 

17 

7.1 

15 

.0    55 

40 

1.8 

8.0 

150 

Aug.  21 

Aug.  30 

148 

59 

.4,  5.2 

.12 

13 

7.9 

17 

.0    43 

39 

1.0 

6.5 

113 

Aag.  31  Sept.  6 

40 

27 

6.0 

.05 

16 

10 

20 

.0    51 

38 

1.7 

8.0 

127 

Sept.  11 

Sept.  19 

50 

16 

5.2 

.60 

14 

10 

12 

.0    62 

36 

.6 

8.0 

124 

Sept.  20 

Sept.  29 

20 

16 

4.8 

.10 

17 

8.4 

11 

.0    55 

35 

3.5 

8.0;  122 

8^t.30 

Oct.   8 

30 

21 

7.2 

.16 

18 

7.0 

16 

.0    46 

40 

.6 

9.0  129 

Oct.  14 

Oct.  19 

10.0 

11 

1.1 

3.2 

.06 

18 

10 

20 

.0    62 

4ft 

1.0 

10 

132 

Oct.  ao 

Oct.  31 

30 

14 

11 

.30 

21 

12 

20 

.0    77 

60 

.5 

11 

142 

Nov.  1 

Nov.  6 

20 

9.4 

26 

.05 

17 

13 

18 

.0   103 

44 

1.0 

9.5 

139 

Not.  9 

Nov.  19 

60 

26 

;4|  5.0 

.12 

15 

4.9 

13!   .0!   46 

43 

1.2 

7.5 

112 

Nov.  20 

Nov.  22 

115 

41 

16 

.70 

12 

4.3 

11 

.0,   46 

30 

3.5 

4.5 

121 

Dec.  11 

Dec.  14 

157 

56 

18 

2.2 

16 

6.2 

21 

.0 

26 

40 

1.5 

6.5 

129 

Dec.  25  !  Dec.  31 

174 

72 

24 

2.2 

14 

11 

17 

.0 

45 

2.0 

13 

174 

Jan.  1  1  Jan.  10 

240 

81 

22 

3.6 

8.1 

2.9 

15 

.0 

*45 

30 

3.0 

4.51  124 

Jan.  11  Jan.  20 

315 

160 

.5 

25 

2.5 

12 

5.2 

12   .0 

31 

42 

3.0 

5.2  149 

Feb.  24  Feb.  27 

70 

22 

.3 

21 

1.1 

17 

6.9 

18   .01   20 

85 

1.7 

13   172 

Mar.  1  ;  Mar.  10 

100 

73 

.7 

19 

2.0 

15 

B.9 

27   .o;   29 

74 

2.5 

9.3  185 

Mar.  11  ,  Mar.  20 

.  t.... 

Mar.  21  |  Mar.  31 

...... 

;;.... ;;...! ,:::::: 

.'.'.'.'.  .^'.'.'.'. 

Mc«n. 
Per  ct 

97 

43 

.5i  13 

.93 

15 

8.2 

17:    .0 

51 

45 

1.7 

8.3.  140 

"ofaiihy- 

drou 

B  residue . . 

9.6 

al.O 

11.2 

.6.1 

12.61  18.7 

33.4 

1.3 

6.1L... 



1 

1 

•FesOi. 
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Tablb  22. — Mineral  analy$es  of  unUer  from  reservoir  near  Joppa^  III. 
[Parts  per  milttoii  unless  ottierwise  stated.] 


Date 
(1906-7). 


To— 


I 


li 


50 

r 
5 


1^ 

I 


r 

OQ 


•o 


Ans.  1 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  14 
Bept.20 
8cpt.» 
Oet  10 
Oet  30 
Oct  30 
Not.  9 
Not.  20 
Dec  1 
D«c  11 
Dec  22 
Jan.  1 
Jan.  11 
Jan.  21 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 

June  1 
June  11 
June  21 
July  1 
Joly  11 
July  21 


Aug.  10 

Aug.  ao 

Aug.  30 

Sept.  7 

Sept.  19 

Sept.  20 

Oct.  9 

Oct.  19 

Oct.  29 

Nov.  8 

Nov.  19 

Nov.  30 

Dec.  10 

Dec.  30 

Dec  31 

Jan.  10 

Jan.  20 

Jan.  31 

Feb.  9 

Feb.  18 

Feb.  28 

Mar.  10 

Mar.  ao 

Mar.  31 

Apr.  10 

Apr.  20 

Apr.  30 

May  10 

May  ao 

May  31 

June  10 

June  20 

June  30 

July  10 

July  20 

July  31 


Mean 

Per  ct.  of  anhy- 
drous residue. 


135 
140 


46"*26i' 


80       30 
70      23 


128      46 


164 
188 
135 


90  22 

70  33 

90  46 

145 

130  32 

120 

lao  48 

115  71 


112      95 
120     116 


170 
30O 
100 
95 


160 
318 
131 
87 


116 


66 


a3 

.4 


15 

9.81 


a7 

.30 


8.2 


30     12 


9.4 
13 
19 


1.2 
3.0 


29 


3.2 


33 
32 
31 
34 

28 
32 
35 
28 
56 
40 
&0| 


4.4 

6.5 
4.2 
6.4 
3.2 
8.4 
7.8 
7.8 
7.6 
9.9 
5.6 


.8 
1.0 


L9 
.95 


.9 
1.1 
1.3 

.9 


11 
15 
7.8 
19 


.34 
L6 

.44 
3.2 


22 
22.8 


3.5 
•6.2 


7.4 


6.6 


8w7     4.4 


5.3 


8.3 
6.7 
5.8 


14 

8w5 


4.2 
3.8 


9.2 


4.9 


7.0     3.0 
9.6    0.87 


6.8 
7.4 
7.0 

17 
&6! 

10 

10 
7.9 

lao 


7.0 
14 


9.4 
10.0 
12 
12 


10 
10.4 


4.8 

2.6 

2.4 

3.0 

5.5 

0.86 

3.5 

3.3 

4.0 


2.1 
3.7 


4.8 
2.6 
2.7 

4.8 


4-0 
4.1 


lao   ao 


11 


.0 


2.7 
3.0 


9.9 


56 


8.8 
14 
13 


Z.0 
2.0 
1.8 


49     24 


56 


20 


1.5 
1.5 


11 


.0 


52 


12 

12 
7.6 
a  2 

13 
4.9. 
9.5' 
9.5; 
7.6 
7.1 
5.41 


41  24 
20 

42  18 

37i      9.7 

27  23 

25  24 

37  39 

27,  22 

25  19 


40 


30     29 


&8: 
9-3' 


7.0  .0 

5.5;  .0 

2.5  .0 

6.8  .0 


16 


1.2 
2.5 
3.0' 
6.0, 

^2, 

1.2 
1.4 
2.3 
1.2 
0.9 
0.8 


41      14 


1.6 
1.3 


a3 

0.6 
0.6 
3.0 


9.01      .0 
9.3  22.0 


43 


19 
19.7 


1.9 
2.0 


4.5 
6.5 


96 
96 


3.0      5.0 


87 


4.0     94 


4.5 
4.3 


102 
127 


3.5 


96 


3.2  104 


.|  121 


3.7  129 
4.5;  133 
4.0  112 
7.0   129 

4.7  110 
3.0   130 

4.8  138 
4.2I  163 

3.4  158 

3.5  129 
3.51  130 


3.8     80 
5.8     72 


3.0 
4.8 
6.0 
3.5 


74 
82 
73 
99 


4.3   111 

u... 


oFoiOi. 
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Table  24. — Mineral  anedyses  of  water  from  Rock  River  near  Sterling,  III. 
[Parts  pw  mmton  nntats  otherwise  stated.] 


Date 
(1906-7). 


From — 


00 


Aug,    I  I  Aug. 

Aag.  11  .  Aa^. 

Aug.  21  '  Au^. 
Aug.  31  ,  Sept. 
Sept  II  (  Sept. 
BepL  20  ,  Sept. 
5bpL  30  I  Oct. 
Oct.  11  I  «^* 
J)ct.  20 
Nov.  1 
KoT.  10 
Nov.  2p 
Dec.  1 
Dec.  11 
Dec  21 
Jan.  1 
Jan.  11 
Jan.  21 

Teb.    1 

Feb.  12 

?eb.  W 

Mtf.    2 

Kar.  11 

Kar.  21 

Apr.    1 

Apr.  U 

Apr.  21 

Say    M 

Jlay  U 

lane  11 
5ane21 

Joly  1 
July  11 
July  21 


eoo 

425 
566 
410 

eoo 

290 


422 
321 
402 
343 
463 
281 


a7 

.8 
.7 
.8 
.7 
1.0 


0.201 
.12 

2.4 
.12 
.30 
.10 


14 

13 
9.7 
6.2 

15 
6.7 


0.0 
.0 
.0 
.0 

.61 

.0 


225 
158 
153 
2641 
278| 
285l 


6.0 
3.3 
3.5 
3.5 
2.0 
4.0 


5.7 
7.7 
4.5 
5.0 
6.0 
5.5 


247 
187 
183 
268 
265 
265 


144 

216 

100 

30 

60 

50 

50 

20 

280 

187 

210 

45 

40 

60 

60 

90 

110 

240 

80 

75 

55 


127 
168 
112 
21 
49 
115 
666 
28 
307 
111 
146 
42 
31 
54 
50 
44 
51 
178 
56 
69 
54 


.9 
.8 

1.1 
.7 
.8 

2.3 
13 

1.4 

1.1 


Mean • 

Per  ct.  of  anhy- 
drous residae. . . 


285 
385 
200 
220 
475 
500 
618 


277 
606 
233 
127 
481, 
960 
60& 


229  236 


13 
13 
20 

6.8 
13 
17 

8.8 
12 
10 


6  26 


16 
17 
9.6 
12 
15 
20 


.5  15 


.7 


15 


.7  16 
.9  9.6 
1.0  16 


.03 
.10 
.03 
.03 
.04 
.06 
.22 
.20 
.56 
1.3 
.64 
.40 
.13 
.21 
.14 
.26 
.46 
.20 
.32 
.13 


26  7.7 

34|  10 

34  18 

32:  10 

37  10 

32  9.2 

35,  15 

29^  16 

24  14 


1.0 
.7 
1.1 
.6 
1.0 
1.9 
1.0 


9.0 
13 
14 
18 
13 
17 
24 


15 
5.6 


«.2 


27 
18.31  10.1 


13 

18 

22 

12 

15 

13 

17 

12 

19 

11 
6.9 
9.8 


312 
330 
326 
330 
303 
293 


3.5 
3.0 
3.0 
0.4 
5.0 
2.5 


297 


10 
5.5 
&5  301 
7.0 
5.0 
6.2 


227 
245 
139, 
285, 
235 
213' 


278, 
245 
240 
242; 
269 
282 


11 

9.71 

10 

10 
66, 
7.3 

10 


2621 
267 
289 
3141 
277 
248 
255 


12 
4.5 


5.0 
4.5 
4.0 
5.0 
1.8- 
4.5 
5.5 
6.5 
0.3 
5.4 
4.6 
3.7 
2.4 
&0 


6.5 
5.0 
3.5 
5.2 

11 

16 
5.3 
4.0 
7.5 
3.8 
2.8 
3.5 
5.0 

ao 


3.8 
3.7 
5.0 
3.6 
5.0 
2.6' 
1.7, 


4&4 


280 
275 
304 
337 
252 
273 
176 
312 
270 
224 
276 
282 
260 
242 
260 
280 
294 


3.5 
3.3 
3.0 
5.0 
3.0 
3.5 
5.0 


260 
271 
299 
287 
253 
244 
255 


263    25   3.81   5.5 


267 


9. 4   1. 4   2. 1  . 


aFesO». 
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Tabus  26. — Mineral  analyu  of  water  from  Fox  River  near  Elgin,  III, 
(Parts  per  miUloo  nntats  othtfwlse  stated.] 


Date 
(W»-7). 

i 

} 

1 

1 

i 
1 

1 

§ 

k 

r 

|| 

Ii 

i^ 

1 

6.0 

1 

From- 

To- 

i 

Aas.    3 

Aog. 

10 

110 

39 

a4 

20 

0.20 

42 

36 

11 

0.0 

283 

27 

2.5 

304 

Aug.  11 

Aug. 

20 

30 

8.4 

.3 

16 

.10 

40 

36 

10 

.0 

240 

31 

3.4 

4.7 

270 

Aug.  21 

Aug. 

30 

50 

30 

.6 

10 

.06 

44 

34 

19 

.0 

252 

31 

3.0 

7.0 

280 

Aof.  31 

Sept. 

8 

50 

7.0 

.1 

12 

.05 

41 

34 

17 

.0 

291 

29 

1.2 

6.6 

264 

Sept.  11 

Sept 

19 

50 

31 

.6 

9.4 

.20 

32 

36 

14 

.0 

260 

29 

1.8 

6.0 

234 

Sept.  20 

Sept 

29 

40 

30 

.8 

9.4 

.08 

43 

29 

10 

.0 

273 

24 

2.0 

6.5 

265 

Sept.  30 

Oct. 

9 

40 

20 

.6 

7.0 

.03 

43 

34 

11 

.0 

264 

49 

1.7 

6.0 

2iQ 

Oct.    10 

Oct. 

18 

20 

16 

.8 

6.8 

.08 

42 

35 

7.7 

.0 

270 

31 

1.2 

6.5 

266 

Oet.  20 

Oct. 

29 

30 

21 

.7 

8.2 

.05 

51 

37 

19 

.0 

300 

33 

O.fl 

7.2 

286 

Nov.    1 

Nov. 

8 

20 

lao 

.5 

10 

.04 

51 

35 

10 

.0 

316 

36 

1.5 

7.5 

306 

Nov.    9 

Nov. 

19 

10.0 

4.4 

.4 

6.0 

.03 

50 

33 

13 

.0 

310 

36 

1.2 

5.5 

280 

Nov.  20 

Nov. 

30 

15 

13 

.9 

8.6 

.03 

67 

37 

14 

.0 

300 

46 

3.0 

7.0 

293 

Dtc.     I 

Dec. 

10 

10.0 

6.2 

.5 

11 

.06 

66 

27 

12 

.0 

300 

51 

4.0 

7.5 

315 

Dec  11 

Dec. 

20 

10.0 

24 

.2 

10 

.13 

02 

37 

8.8 

.0 

300 

46 

2.6 

6.5 

348 

Dec  21 

Dec. 

31 

6.0 

9.6 

.2 

9.2 

.12 

65 

39 

13 

.0 

365 

63 

3.5 

6.5 

373 

Jan.     1 

Jan. 

10 

40 

18 

.4 

20 

.07 

61 

20 

18 

.0 

309 

51 

3.5 

6.0 

378 

Jan.   11 

Jan. 
Jan. 

20 
31 

Jan.   21 

SO* 

*27'* 

.*6 

..... 

**'.'64 

*'45 

*'**22 

'io*' 

""6 

'"m 

'   "42 

'"2' 6 

*7.'6 

249 

Feb.    1 

Feb. 

9 

15 

10.0 

.7 

14 

.20 

53 

30 

10 

.0 

250 

49 

.^0 

6.2 

310 

Feb.  10 

Feb. 

18 

7.0 

8.4 

1.2 

16 

.13 

56 

31 

8.4 

.0 

231 

42 

4.0 

6.0 

317 

Feb.  W 

Feb. 

28 

15 

9.6 

.6 

12 

.13 

44 

23 

14 

.0 

220 

44 

4.0 

6.5 

265 

Mar.    1 

Mar. 

10 

6.0 

6.4 

1.3 

11 

.38 

46 

26 

13 

.0 

232 

38 

2  I 

4.3 

274 

Mar.  11 

Mar. 

20 

10.0 

9.8 

1.0 

12 

.27 

66 

21 

10 

.0 

245 

40 

1.7 

5.0 

277 

Mar.  21 

Mar. 

31 

26 

12 

.5 

11 

.15 

48 

23 

7.7 

.0 

236 

46 

1.5 

6.5 

258 

Apr.    1 

Apr. 

10 

26 

23 

1.0 

10 

.13 

54 

26 

7.4 

.0 

256 

36 

1.7 

6.5 

277 

Apr.  11 

Ajr. 
ATy 

20 

30 

'26*' 

*2i** 

*8 

'io* 

**.*28 

****66 

***'34 

...... 

'   .'6 

"*267 

""43 

***i'4 

"'2.'3 

292 

10 

20 

16 

.8 

11 

.12 

64 

22 

10 

.0 

247 

48 

2.5 

4.0 

304 

May  11 

May 

20 

35 

40 

1.4 

20 

.20 

56 

23 

9.0 

.0 

292 

47 

2.6 

3.3 

329 

May  21 

May 

31 

65 

56 

1.0 

12 

.12 

52 

29 

5.5 

.0 

234 

50 

2.0 

s."-^ 

273 

Jane    1 

Jane 

10 

36 

36 

1.0 

11 

.19 

60 

24 

5.8 

.0 

247 

35 

2.6 

3.3 

292 

Jane  11 

Jane 

20 

80 

46 

.« 

0.2 

.25 

61 

29 

8.4 

.0 

255 

32 

1.5 

3.5 

281 

June  21 

Jane 

30 

80 

63 

.7 

16 

.30 

64 

33 

5.1 

.0 

272 

29 

3.6 

3.0 

.-ws 

Jaly     1 

Jaly 

10 

50 

66 

1.1 

12 

.16 

56 

31 

10 

.0 

275 

28 

2.0 

4.5 

291 

July  11 

July 

20 

65 

50 

.9 

12 

.17 

56 

27 

8.7 

.0 

272 

36 

2.7 

2.5 

284 

July  21 

Jaly 

31 

36 

31 

.9 

17 

.17 

56 

29 

6.6 

.0 

273 

2C 

2.0 

3.3 

200 

Mean.. 

34 

23 

.7 

12 

.15 

61 

=^ 

11 

.0 

268 

38 

2.4 

6.2 

290 

Perot, 

ot  ajihy- 

4.3 

a.l 

18.1 

10.6 

3.9 

46.8 

13.5 

0.9 

l.R 

.... 

•  FesOi. 
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Table  27.  —Mineral  analy$es  of  toater  from  Fox  River  near  Ottawa,  III. 
[Ptrti  per  million  unless  otberwlae  stoted.] 


Date 
(ig06-7). 


From-        To 


Aug.  a 
Aug.  n 

Aug.  31 
Aug.  81 
Hept.  10 

Hopt.  ao 
Hrpi.  ao 

Oct.    10 

Oct.  ao 

Oct.  30 
Nov.  » 
Not.  ai 
Dw.  1  , 
l)w.  13  ! 
!)«?.  31 
Jan.  1 
Jan.  11 
Jan.  31 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  31 
Apr.  1 
Apr.  11 
Apr.  31 
May  1 
May  11 
May  31 
June  1 
June  11 
June  31 
July  1 
July  11 
July  31 

Mean |  94 

Per  ct.  of  anhy- 
drous residue 


aFeiOi. 
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Table  28. — Mineral  analy»e9  of  water  from  Vermilion  River  near  Streator^  III. 
[Ptrti  per  million  unless  otherwise  stated.] 
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1 

ji 

. 

1. 

1 

1 

1 

1 

Date 
(W06-7). 

1 

1 

1 

? 

1 

s 

1. 

1^ 

Is 

si 

1. 

g 

1 

1 

1 

CO 

w 

1 

1 

li 

r 

r 

r 

3 

CO 

U3 

8 

rrom- 

To— 

1 

Aa«.  1 

Auf. 

10 

40 

22 

0.6 

23 

0.10 

44 

36 

27 

0.0 

248 

72 

2.5 

10 

357 

Aug.  11 

Auf. 

20 

30 

16 

.5 

13 

.10 

40 

35 

23 

.0 

247 

74 

2.1 

14 

321 

Aag.  21 

Aug. 

30 

50 

29 

.6 

10 

.60 

39 

33 

16 

.0 

198 

64 

2.5 

13 

280 

Aag.  31 

Sept. 

0 

60 

48 

.8 

15 

.24 

39 

28 

.0 

165 

57 

2.5 

6.0 

243 

Sept.  10 

Sept 

19 

20 

16 

.8 

9.6 

.14 

36 

28 

"is" 

.0 

198 

56 

1.6 

5.0 

247 

Sept.  20 

Sept 

20 

40 

26 

.6 

11 

.16 

43 

23 

18 

.0 

205 

56 

1 

8.0 

254 

Sept.  31 

Oct 

9 

50 

38 

.8 

5.8 

.20 

37 

23 

20 

.0 

190 

53 

1 

7 

240 

Oct  10 

Oct 

18 

20 

23 

.1 

4.6 

.06 

41 

28 

22 

.0 

212 

66 

1.7 

10 

268 

Oct,  22 

Oct 

29 

20 

13 

.6 

9.0 

.06 

47 

28 

24 

.0 

260 

60 

1.2 

10 

294 

Oct  3D 

Nov. 

8 

20 

11 

.6 

9.0 

.03 

40 

34 

23 

.0 

213 

69 

.3 

9.3 

309 

Not.  9 

Nov. 

19 

20 

10 

.5 

11 

.02 

48 

33 

20 

.0 

254 

70 

.3 

10.0 

322 

Not.  20 

Nov. 

30 

60 

36 

.6 

17 

.10 

55 

31 

18 

.0 

260 

64 

7 

9.3 

317 

Dec.  2 

Dec 

10 

110 

56 

.5 

11 

.17 

61 

30 

23 

.0 

280 

68 

8 

5.5 

333 

Dec  11 

Dec 

20 

30 

33 

1.1 

15 

.14 

63 

32 

18 

.0 

274 

69 

16 

4.5 

351 

Dec.  21 

Dec 

31 

20 

23 

1.1 

17 

.12 

67 

34 

21 

.0 

329 

86 

10 

5.7 

397 

Jan.  1 

Jan. 

10 

280 

122 

.4 

28 

.52 

56 

28 

30 

.0 

267 

68 

16 

4.0 

367 

Jan.  11 

Jan. 

20 

335 

235 

.7 

19 

.72 

55 

26 

14 

.0 

239 

69 

14 

4.7 

340 

Jan.  21 

Jan. 

31 

315 

194 

.6 

20 

.36 

46 

20 

13 

.0 

175 

56 

14 

5.7 

285 

Feb.  1 

Feb. 

9 

25 

14 

.6 

17 

.17 

60 

33 

18 

0 

278 

83 

16 

7 

402 

Feb.  10 

Feb. 

18 

40 

30 

.8 

9.4 

.22 

62 

29 

13 

0 

247 

80 

18 

7.7 

359 

Feb.  19 

Feb. 

28 

50 

34 

.7 

14 

.09 

57 

29 

21 

0 

238 

74 

17 

6.5 

335 

Mar.  1 

Mar. 

10 

100 

64 

.6 

12 

.32 

60 

22 

20 

0 

245 

76 

24 

8.3 

342 

Mar.  11 

Mar. 

20 

260 

87 

.3 

19 

.30 

55 

20 

11 

0 

217 

55 

14 

6.5 

335 

Mar.  21 

Mar. 

31 

150 

68 

.4 

28 

.22 

57 

22 

22 

.0 

245 

86 

28 

6.5 

363 

Apr.  1 

Apr. 

10 

35 

37 

1.0 

19 

.16 

60 

30 

13 

.0 

250 

46 

26 

3.8 

339 

Apr.  11 
Apr.  21 
May  1 

Apr. 

20 

30 

"'35 

**'28 

.8 

'9.'8 

*".'i2 

"'*62 

'""38 

"'s'g 

"*.'6 

"*266 

""77 

"io" 

"5.5 

■333 

10 

100 

49 

.5 

16 

.14 

60 

24 

8.7 

.0 

237 

72 

4.8 

4.5 

351 

May  11 
May  21 

JS; 

20 

31 

"so 

'**78 

'**"i.6 

..... 

".'34 

****62 

"  '3i 

"26" 

"".'6 

"247 

""so 

"22" 

"6*3 

'346 

Jane  1 

June 

10 

45 

32 

.7 

9.2 

.26 

62 

35 

17 

.0 

255 

70 

28 

4 

356 

Jane  11 

June 

20 

55 

44 

.8 

9.4 

.08 

74 

37 

12 

.0 

276 

76 

20 

4 

368 

Jane  21 

June 

30 

85 

79 

.9 

13 

.21 

70 

29 

14 

.0 

262 

66 

14 

5 

329 

Jaly  1 

July 

10 

420 

415 

1.0 

16 

.25 

61 

25 

16 

.0 

241 

69 

13 

6 

326 

Jaly  11 

July 

20 

560 

570 

1.0 

19 

.50 

50 

21 

10 

.0 

200 

50 

12 

5 

273 

Jaly  21 

July 

31 

70 

63 

.9 

20 

.22 

78 

37 

12 

.0 

300 

70 

20 

6.5 

388 

Mean. 
Per  ct 

107 

78 

.7 

14 

.22 

55 

29 

18 

.0 

241 

68 

12 

6.9 

325 

of  anhy-' 

droos  residue... 

4.4 

a.l 

17.1 

9.0 

5.6 

36.9 

21.1 

3.7 

2.1 

oFesOt. 
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Tabus  30. — Mineral  analy»es  of  waUr  from  Sangamon  River  near  Springjield,  IlL 
(Parts  per  mOUoQ  oDlen  oUmtwIm  itoted.] 


i 

i 

i 

j^ 

1 

1 

1 

1 

Date 

(W06-7). 

1 

f 

1 

t 

1| 

1^ 

2? 

r 

1^ 

3 

OQ 

u 

§ 

1 

From— 

To- 

1 

Aug.  — 

Aug.  10 

180 

64 

a4 

17 

aio 

44 

24 

19 

ao 

27 

4.0 

9.7 

275 

Aug.  11 

Aug.  20 

248 

122 

.5 

18 

.80 

36 

18 

13 

.0 

'  "iw 

24 

4.2 

5.2 

222 

Aug.  21 

Aug.  30 

320 

123 

.4 

17 

1.40 

41 

24 

16 

.0 

192 

26 

4.0 

8.5 

228 

Aug.  31 

Sept,    9 

163 

77 

.5 

20 

.15 

51 

28 

4.9 

.0 

203 

294 

34 

3.0 

7.0 

284 

Sept.  10 

Sept.  19 

70 

39 

.6 

12 

.50 

48 

22 

17 

.0 

28 

2.8 

10 

271 

Sept.  20 

SepU  20 

30 

22 

.7 

9.6 

.05 

44 

23 

16 

.0 

22^ 

24 

1.3 

8.5 

223 

Sept.  30 

Oct.     6 

100 

45 

.4 

9.4 

.10 

51 

24 

15 

.0 

2SOi 

36 

2.0 

14 

272 

Oct,   11 

Oct.    19 

40 

17 

.5 

21 

.10 

47 

28 

25 

.0 

280 

33 

2.0 

8.5 

277 

Oct.   20 

Oct.    28 

20 

6.6 

.3 

9.6 

.06 

57 

33 

20 

.0 

307 

33 

a20 

10 

291 

Oct.   30 

Nov.    8 

lao 

4.6 

.5 

19 

.05 

50 

29 

19 

.0 

315 

36 

a  10 

11 

311 

Nov.  11 

Nov.  19 

20 

5.2 

.3 

7.2 

.10 

62 

32 

14 

.0 

320 

36 

aso 

13 

315 

Nov.  21 

Nov.  30 

182 

122 

.7 

19 

.06 

50 

25 

17 

.0 

25a 

36 

2.0 

7.6 

267 

Dec.     1 

Dec.    10 

168 

87 

.5 

21 

.40 

53 

25 

15 

.0 

270 

37 

3.0 

8.0 

274 

Dec.  11 

Dec.   20 

80 

54 

.7 

13 

.20 

55 

17 

16 

.0 

263 

37 

5.0 

5.5 

278 

Dec.  21 

Dec.   31 

20 

36 

1.8 

30 

2.8 

55 

29 

27 

.0 

301 

51 

7.0 

6.51  319 

Jan.     1 

Jan.    10 
Jan.    19 

Jan.   11 

86"  * 

67" 

.8 

'22* 

'".'26 

*     *47 

'     '21 

"is" 

"'.'6 

*257 

"32 

"d'io 

'**i'7 

*296 

Jan.   21 

Jan.    31 

280 

62 

.2 

16 

.50 

32 

14 

13 

.0 

137 

28 

5.0 

6.2 

103 

Feb.     1 

Feb.     0 

20 

40 

2.0 

20 

.1^ 

47 

17 

.0 

238 

40 

a  10 

7.5:273 

Feb.  10 

Feb.    18 

lao 

11 

1.1 

14 

.20 

54 

16 

.0 

257 

4^ 

11 

8.5 

293 

Feb.  19 

Feb.   28 

30 

24 

.8 

16 

.09 

58 

26 

16 

.0 

274 

40 
35 

6.5 

8.5 

305 

Mar.     1 

Mar.   10 

50 

46 

.9 

12 

.17 

44 

21 

14 

.0 

213 

3.0 

5.0 

243 

Mar.  11 

Mar.  20 

lao 

11 

LI 

12 

.15 

56 

18 

11 

.0 

264 

43 

10 

7.0 

275 

Mar.  21 

Mar.  81 

lao 

11 

1.1 

13 

.11 

56 

24 

14 

.0 

247 

49 

4.0 

3.9 

279 

Apr.    1 

Apr.    10 

8.0 

lao 

^i 

18 

.19 

58 

25 

12 

.0 

267 

36 

2.3 

4.5;  288 

Apr.  11 

Apr.   20 

&.0 

3.6 

.7 

13 

.23 

56 

26 

13 

.0 

266 

46 

1.4 

5.0 

296 

i&l 

Apr.   30 
May    10 

14 

11 

.8 

11 

.19 

58 

34 

9.3 

•0 

271 

44 

3.4 

&5 

289 

25 

22 

.9 

13 

.12 

53 

20 

12 

.S 

257 

47\ 

4.4 

&0 

299 

May  11 

May   20 

12 

11 

.9 

14 

.15 

54 

22 

18 

.0 

268 

43 

5.0 

6.3 

289 

May  21 

May    31 

5.0 

6.0 

1.2 

12 

.13 

56 

26 

16 

.0 

43 

2.8 

4.3 

292 

June    1 

June  10 
June  20 
June  30 
July    10 
July   20 
July   31 

June  11 

June  21 

July     1 
July  11 
July  21 

....... 

!!!!' 

1 

M* 

22* 

ii" 

"Vffl 

****64 

'"**26 

'ii*' 

"*.*6 

"■276 

'     *38 

"i.6* 

5.0 

276 

Mean 

74 

30 

.8 

16 

.32 

52 

24 

16 

.0 

247 

37 

3.4 

7.5 

276 

Per  ct.  of  anhy- 

drooi 

treeidue.. 

5.8 

«.2 

18.7 

8.6 

5.8 

43.7 

13.3 

1.2 

2.7 

aFeiO. 
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Tablb  31. — Mineral  anah/Bes  of  water  from  Sangamon  River  near  ChandUrvHU,  lU. 
[Parts  per  million  untotf  otherwiae  stated.] 
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Tablb  32. — Mineral  analy$e8  of  water  from  Illinois  River  near  LamUSf  III. 
[Faits  per  million  unless  otherwlae  staU^.] 


Date 

} 

1 

51 

k 

1 
1^ 

1 

« 

1 

(1906-7). 

1 

o  . 

0 

1 

1 
0 

i 

|i 

1? 
r 

si 
r 
1 

2 

c 

1 

From—  j     To— 

1 

Aug.    1     Auk. 

10 

70 

36 

0.5 

14 

a50 

33 

18 

22 

0.0 

174 

41 

7.0 

28 

265 

Aug.  11 

Aug. 

20 

fiO 

25 

.5 

19 

.10 

39 

18 

17 

.0 

170 

28 

6.0 

20 

262 

Au«.  21 

Aug. 

30 

236 

113 

.5 

25 

.05 

38 

19 

20 

.0 

172 

34 

1.0 

18 

252 

Aug,  31 
Sept.  10 

Sept. 

9 

50 

33 

.7 

10 

.03 

30 

24 

8.0 

.0 

160 

30 

3.0 

17 

236 

SepU 

19 

50 

32 

.6 

8.4 

.30 

39 

18 

15 

.0 

171 

32 

6.0 

18 

221 

Sept.  20 

Sept. 

20 

110 

71 

.6 

6.8 

.07 

42 

17 

12 

.0 

176 

39 

7.0 

21 

241 

Sept.  30 

Oct. 

9 

290 

162 

.6 

13 

.20 

60 

18 

.0 

180 

49 

7.0 

19 

284 

Oct.   10 

Oct. 

19 

GO 

30 

.5 

6.8 

.09 

45 

"23 

18 

.0 

200 

43 

3.6 

7.5 

260 

Oct   20 

Oct. 

28 

40 

35 

.9 

9.8 

.04 

51 

22 

21 

.0 

220 

45 

4.0 

19 

268 

Oct.   30 

Nov. 

8 

40 

25 

.6 

7.8 

.02 

61 

23 

24 

.0 

240 

63 

6.0 

16 

276 

Nov.    0 

Nov. 

19 

30 

20 

.7 

10 

.12 

63 

29 

25 

.0 

224 

64 

4.0 

18 

276 

Not.  20 

Nov. 

30 

100 

75 

.8 

10 

.06 

67 

26 

17 

.0 

210 

66 

6.6 

13 

300 

Dec.     1 

Dec. 

10 

120 

83 

.7 

13 

.12 

64 

27 

15 

.0 

219 

72 

7.0 

14 

320 

Dec  11 

Dec. 

20 

128 

72 

.    .6 

13 

.32 

51 

24 

16 

.0 

195 

62 

6.0 

11 

284 

Deo.  21 

Dec 

31 

174 

166 

1.0 

10 

.12 

63 

26 

17 

.0 

210 

64 

7.0 

12 

311 

Jan.     1 

Jan. 

10 

206 

155 

.8 

15 

.10 

52 

23 

17 

.0 

220 

68 

9.0 

9.7 

296 

Jan.   11 

Jan. 

20 

248 

250 

1.0 

18 

.36 

51 

21 

11 

.0 

206 

56 

8.0 

9.2 

296 

Jan.  21 

Jan. 
Feb. 

31 
9 

.0 
.0 

Feb.    1 

"is 

"is 

'""i.6 

"6.*6 

".'28 

""62 

""26 

"is" 

"266 

"'63 

"'8.0 

...... 

*289 

Feb.  10 

Feb. 

18 

10 

11 

1.1 

11 

.08 

63 

22 

17 

.0 

214 

51 

6.5 

16 

311 

Feb.  19 

Feb. 

28 

30 

22 

.7 

8.0 

.13 

48 

20 

14 

.0 

195 

50 

7.0 

13 

273 

Mar.    1 

Mar. 
Mar. 

10 
20 

Mar.  11 

"ioo 

"*92 

.'9 

"13" 

"".22 

""si 

""26 

"io" 

".0 

"i98 

■"65 

"3.2 

"  io. '6 

267 

Mar.  21 

Mar. 

31 

150 

144 

1.0 

12 

.26 

46 

19 

12 

.0 

205 

57 

10. 

9.0 

272 

Apr.    1 

Apr. 

10 

105 

168 

1.6 

18 

.38 

60 

20 

13 

.0 

205 

73 

6.8 

7.0 

299 

Apr.  11 

Apr. 

20 

40 

28 

.7 

12 

.15 

56 

27 

16 

.0 

215 

78 

7.0 

6.5 

344 

Apr.  21 
May     1 

^.- 

30 

35 

30 

.8 

9.4 

.20 

54 

27 

10 

.0 

207 

62 

4.6 

10 

266 

10 

100 

63 

.6 

11 

.31 

50 

18 

12 

.0 

208 

52 

12 

9.8 

272 

May  11 

May 

20 

48 

48 

1.0 

6.0 

.80 

52 

19 

18 

.0 

185 

48 

14 

14 

300 

May  21 

May 

31 

230 

22& 

1.0 

8.0 

.27 

64 

22 

9.5 

.0 

208 

49 

9.6 

8.5 

279 

June    1 

June 

10 

95 

70 

.7 

13 

.38 

51 

19 

10.0 

.0 

213 

38 

14 

8.3 

307 

June  11 

June 

20 

280 

340 

1.2 

9.6 

.38 

50 

22 

12 

.0 

227 

31 

0.3 

3.0 

276 

June  21 

June 

30 

161 

110 

.7 

16 

.50 

GO 

24 

14 

.0 

233 

37 

3.6 

10 

276 

July    1 

July 

10 

1,610 

1,556 

1.0 

18 

.15 

53 

18 

11 

.0 

197 

47 

6.0 

10 

256 

July  11 

July 

20 

270 

203 

.8 

15 

.18 

63 

19 

13 

.0 

206 

36 

7.0 

9.0 

265 

July  21 

July 

31 

130 

103 

.8 

15 

A3^ 

57 

21 

16 

.0 

228 

34 

7.0 

12 

288 

Mean. 
Perct 

150 

136 

.8 

12 

.21 

60 

22 

16 

.0 

203 

50 

6.6 

13 

278 

oY'anhy- 

drous  resldne.. 

4.5 

•  .1 

18.6 

8.1 

6.9 

37.0 

18.6 

2.4 

4.8 

aFettOf. 
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76  QUALITY  OF  SURFACE  WATEBS  OF  ILLINOIS. 

Table  ^.—Mineral  analyses  of  water  from  Illinois  River  near  Peoria,  III, 
[Parts  per  mlllkm  unless  otherwise  stated.] 


^ 

1 

J! 

i 

1^ 

1 

1 

1 

f 

Date 
(19(»-7). 

1 

1 

i 

t 
1 

t 

i 

1^ 

So 

Is 

.Sod 

1 

1. 

8 

1 

From— 

To- 

1 

Aug.  1 

Aug.  9 

SO 

25 

a5 

13 

0.10 

40 

20 

28 

0.0 

182 

21 

10.0 

27   266 

Aug.  31 

Sept.  9 

60 

29 

.5 

12 

.20 

42 

20 

15 

.0 

166 

28 

4.0 

20   245 

Sept.  10 

Sept.  19 

30 

36 

1.2 

20 

.14 

45 

18 

23 

.0 

187 

29 

4.0 

19   260 

Sept.  20 

Sept.  29 

40 

21 

.5 

6.4 

.10 

42 

18 

15 

.0 

177 

24 

5.0 

20  '  222 

Sept.  30 

Oct.   9 

40 

26 

.6 

8.4 

.03 

44 

18 

22 

.0 

174 

40 

6.0 

22   249 

Oct.  10 

Oct.  19 

40 

20 

.5 

9.8 

.04 

46 

23 

22 

.0 

196 

46 

7.0 

20   279 

Oct.  20 

Oct.  29 

30 

20 

.7 

8.8 

.02 

43 

19 

21 

.0 

190 

3J» 

4.0 

18   233 

Oct.  30 

Nov.  8 

20 

9.4 

.5 

14 

.06 

46 

20 

18 

.0 

216 

40 

5.5 

20 

264 

Nov.  9 

Nov.  19 

10.0 

11 

1.1 

6.4 

.03 

48 

22 

18 

.0 

105 

41 

7.0 

21 

250 

Nov.  20 

Nov.  30 

20 

17 

.8 

8.8 

.06 

49 

22 

18 

.0 

185 

52 

7.0 

18 

250 

Dec.  1 

Dec.  10 

20 

16 

.8 

10 

.11 

51 

24 

14 

.0 

213 

64 

8.0 

15 

310 

Dec.  11 

Dec.  20 

40 

41 

1.0 

11 

.28 

54 

24 

20 

.0 

198 

62 

10 

13 

293 

Dec  21 

Dec.  31 

15 

13 

.9 

17 

.14 

52 

24 

20 

.0 

220 

60 

12 

12 

294 

Jan.  1 

Jan.  10 

30 

22 

.7 

20 

.20 

52 

23 

21 

.0 

239 

60 

6.0 

12 

310 

Jan.  11 

Jan.  .20 

80 

40 

.6 

21 

.64 

50 

22 

14 

.0 

207 

60 

7.5 

8.7 

309 

Jan.  21 

Jan.  31 

236 

73 

.3 

12 

41 

17 

18 

.0 

139 

60 

7.0 

7.5 

223 

Feb.  1 

Feb.  9 

140 

63 

.4 

14 

"i.*3* 

40 

16 

14 

.0 

148 

60 

11 

8.0 

242 

Feb.  10 

Feb.  18 

12 

7.6 

.6 

11 

.49 

49 

20 

13 

.0 

185 

65 

11 

11 

275 

Mar.  1 

Mar.  10 

20 

10.O 

.5 

10 

.11 

49 

21 

19 

.0 

180 

60 

7.1 

9.8 

279 

Mar.  11 

Mar.  20 

45 

36 

.8 

14 

.2^ 

52 

20 

18 

.0 

204 

60 

12 

11 

275 

Mar.  21 

Mar.  31 

45 

22 

.5 

6.6 

.25 

52 

24 

14 

.0 

198 

57 

10 

9.5 

272 

Apr.  1 

Apr.  10 

35 

26 

.7 

13 

.26 

50 

22 

19 

.0 

195 

60 

12 

8.8 

272 

Apr.  11 

Apr.  20 

35 

20 

.6 

13 

.1^ 

60 

18 

15 

.0 

207 

15 

7.5 

304 

Zi'i 

Apr.  30 
May  10 

33 

26 

.8 

10 

.14 

53 

24 

13 

.0 

210 

11 

12 

271 

15 

13 

.9 

7.4 

.16 

51 

18 

12 

.0 

233 

8.0 

9.8 

276 

May  11 

May  20 

20 

21 

1.0 

10 

.28 

51 

22 

12 

.0 

205 

8.8 

9.5 

289 

May  21 

May  31 

20 

22 

1.0 

14 

.28 

52 

24 

9.8 

.0 

21S 

9.2 

lao 

283 

June  1 

June  10 

44 

26 

.6 

8.6 

.12 

52 

22 

15 

.0 

224 

43 

3.2 

8.5 

m 

June  11 

June  20 

30 

19 

.6 

8.0 

.32 

61 

24 

16 

.0 

37 

3.0 

11 

290 

June  21 

June  30 

60 

31 

.5 

8.8 

.16 

58 

20 

15 

.0 

'*'2i7 

42 

8.0 

10 

272 

July  1 

July  10 

30 

26 

.9 

11 

.12 

56 

23 

15 

.0 

220 

39 

3.5 

12 

270 

July  11 

July  20 

60 

50 

.8 

13 

.18 

62 

16 

8.7 

.0 

196 

34 

7.2 

10 

257 

July  21 
Feb.  19 

July  31 

23 

19 

.8 

14 

.15 

55 

20 

14 

.0 

209 

37 

6.5 

8.5 

257 

Fi»h-  27 

25 

11 

.07 

60 

20 

18 

.0 

195 

67 

7.0 

13 

275 



Mean.. 

43 

26 

.8 

U 

.21 

49 

21 

17 

.0 

196 

48 

7.8 

13 

271 

Per  ct. 

of  anhy-' 

droufl 

residue . . 

46 

«  .1 

18.5 

7.9 

6.4 

36.7 

18.1 

2.9 

4.9 

•V 

aFeiO». 
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Table  34. — Minarol  analyies  of  water  from  IllinoU  River  near  KampsvilU^  III. 
[Pwto  per  million  iiiile«  otberwlw  lUted.] 


f 

i 

1 

-a 

1. 

S 
Si 

JS 

1 

0 

s 

!                     Date 
(1806^7). 

f 

1 
1 

CO 

1 

1 

i 

1 

S 

8^ 

1. 

so 

i 

31 

4 
&0 

I 

1 

From—       To— 

1 

Aos.    1      Ans.  10 

lOS 

72 

a7 

11 

a2o 

46 

21 

34 

ao 

208 

24 

278 

14.8 

Aof.  11 

Aug.  20 

218 

113 

.5 

12 

.30 

30 

10 

20 

.0 

m 

30 

6.4 

22 

262 

15.0 

Aug.  21 

Aug.  30 

230 

120 

.5 

11 

.06 

44 

17 

20 

.0 

177 

33 

6.0 

20 

240 

15.0 

Aug.  31 

Sept.    0 

147 

80 

.6 

8.2 

.06 

40 

18 

17 

.0 

172 

34 

4.0 

20 

236 

l&l 

Sept.  11     Sept.  10 

135 

06 

.7 

7.2 

.15 

41 

20 

15 

.0 

181 

20 

4.2 

18 

228 

15.2 

Sept  20 

SepL20 

135 

121 

.0 

ao 

.10 

44 

16 

17 

.0 

187 

30 

7.0 

20 

244 

14.0 

8epL30 

Oct.     0 

218 

184 

.8 

17 

.10 

41 

16 

18 

.0 

170 

20 

6.0 

17 

233 

15.2 

Oct,    10 
Oct.   20 

Oct.    10 
Oct.    28 

15.0 

"so 

"68 

'"■."7 

'*0.'2 

".08 

"46 

24" 

"42" 

"".'6 



226 

"*47 

*  '3.' 6 

"62" 

"34i 

15. 0 

Oct.   30 

Nov.    8 

50 

24 

.5 

14 

.03 

47 

20 

21 

.0 

221 

30 

4.0 

10 

260 

14.8 

Nov.  10 

Nov.  10 

80 

70 

.0 

6.8 

.OB 

50 

24 

22 

.0 

220 

30 

4.0 

21 

274 

14.8 

Not.  20 

Nov.  30 

170 

84 

.5 

17 

.32 

45 

20 

16 

.0 

106 
206 

44 

6.0 

12 

246 

16.2 

Dec.     1 

Dec.  10 

200 

127 
35 

.4 

10 

.65 

46 

21 

17 

.0 

52 

3.6 

10 

260 

16.7 

Dec  11 

Dec.  20 

40 

.0 

13 

.17 

54 

22 

13 

.0 

226 

64 

4.0 

13 

311 

15.8 

Dec.  21 

Dec.  31 

40 

51 

1.3 

10 

.36 

68 

30 

18 

.0 

265 

tS 

3.0 

11 

323 

15.6 

Jan.     1 

Jan.     8 

200 

200 
260 

.7 

25 

.40 

61 

22 

21 

.0 

235 

60 

3.0 

0.5 

208 

15.7 

Jul    U 

Jan.   20 

400 

.6 

16 

.64 

34 

15 

11 

.0 

158 

53 

3.5 

4.7 

227 

17.2 

Jan.  21 

Jan.   31 

310 

220 

.7 

15 

.28 

33 

15 

17 

.0 

150 

42 

4.0 

6.5 

215 

22.0 

Feb.     1 

Feb.    0 

200 

133 

.7 

11 

.45 

34 

18 

15 

.0 

163 

44 

7.0 

5.7 

221 

22.0 

Feb.  10 
Feb.  10 

Feb.  18 
Feb.  26 

10.8 

"236 

"i20 
50 

"".6 

**0'6 

".24 

"27 

"o.i 

"44" 

"".'6 

"i26 

"'38 

".4 

"34" 



19.2 

lUr.    1 

ICar.  10 

.  60 

.8 

14 

1.0 

24 

10.0 

18 

.0 

114 

30 

.4 

4.8 

"ifiO 

17.0 

Ifar.  11 

Mar.  20 

70 

62 

.0 

12 

.25 

62 

20 

16 

.0 
.0 

220 

34 

3.0 

10 

269 

16.5 

Mw.  21 

ICar.  31 

210 

105 
192 

.5 

12 

.46 

47 

17 

21 

210 

41 

3.0 

12 

266 

I&l 

Apr.     1 

Apr.  10 

280 

.7 

11 

.53 

63'  23 

15 

.0 

223 

38 

6.0 

0.0 

280 

17.8 

Apr.  11 

Apr.  20 

60 

46 

.8 

7.4 

.12 

64  22 

12 

.0 

235 

48 

6.0 

6.5 

278 

2a2 

Apr.  21 
llSy     1 

Apr.  30 
Hay  10 

00 

62 

.7 

4.4 

.11 

56 

28 

IS 

.0 

237 

52 

1.3 

0.5 

299 

21.3 

.330 

205 

.0 

13 

.16 

50 

22 

15 

.0 

208 

47 

4.6 

10 

280 

18.0 

May  11 

May  20 

130 

131 

1.0 

7.0 

.67 

40 

24 

18 

.0 

219 

40 

4.0 

18 

306 

16.5 

May  21 

May  31 

150 
340 
405 

143 

1.0 

8.8 

.12 

56 

24 

13 

.0 

218 

54 

4.8 

8.3 

280 

15.8 

Jane    1 

June  10 

373 

1.1 

10 

.26 

51 

26 

13 

.0 

223 

44 

4.0 

7.3 

271 

16.6 

Jane  11 

June  20 

520 

1.1 

12 

.26 

68i  26 

17 

.0 

35 

2.5 

11 

293 

17.6 

Jane  21 

June  30 

166 
325 

165 

1.0 

13 

.32 

68 

23 

0.4 

.Q\ 

"244 

47 

10 

13 

310 

16.1 

Joly     1 

July  10 

324 

1.0 

12 

.12 

65 

21 

16 

.0 

239 

34 

8.0 

10 

281 

15.0 

July  11 

July  20 

238 

106 

.8 

18 

.25 

50 

19 

13 

.0 

202 

31 

6.0 

10 

260 

16.5 

Joly  21 

July  31 

74 

64 

.0 

15 

.34 

54 

20 

11 

.0 

210 

27 

1.2 

8.0 

242 

10.7 

MCAO.. 

Per  ct. 

188 

145 

.8 

12 

.27 

47 

20 

18 

.0 

202 

42 

4.3 

15 

267 

of  anby- 

droa 

iresidne.. 

4.6 

•  .1 

18.2 

7.8 

7.0 

38.5 



16.3 

1.7 

5.8 
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Table  35. — Mineral  analyse*  of  water  from  Kaskaskia  River  near  Shelbyville^  III. 
(Parts  per  million  unless  otherwise  stated.] 


Date 
(1905-7). 


From— 


Aug.  I 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  30 
Nov.  10 
Nov.  20 
Dec.  1 
Dec.  11 
Dec.  21 
Jan.  1 
Jan.  U 
Jan.  22 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
Apr.  21 
May  1 
May  11 
May  21 
June  1 
June  11 
June  21 
July  1 
July  11 
July  21 


To— 


Aug.  10 
Aug.  20 
Aug.  30 
Sept.  9 
Sept.  19 
Sept.  29 
Oct.  9 
Oct.  19 
Oct.  29 
Nov.  6 
Nov.  19 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  31 
Feb.  9 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  31 
Apr.  10 
Apr.  20 
Apr.  30 
May  10 
May  20 
May  31 
June  10 
June  20 
June  30 
July  10 
July  20 
July  31 


Mean 

Per  ct.  of  anhy< 
drous  residue 


oFbiOb. 
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Table  36. — Mineral  analyses  qfvxiterfrcm  Kaskaskia  River  near  Carlyle,  III. 
[Parts  per  mlUlon  unless  otherwise  stated.] 


Aug.  1 
Aug.  11 
Ang.  22 
Aug.  31 
Sept  10 
SeptW 
Sept  30 
Oct.  10 
Oct  21 
Oct  30 
Nov.  10 
Not.  20 
Dec.  1 
Dec.  U 
Dec  21 
Jan.  1 
Jtn.  11 
Jan.  21 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
Apr.  21 
Msy  1 
Msy  11 
Msy  21 
June  1 
June  11 
June  21 
July  1 
July  11 
July  21 

Mean 1184 

Per  ct.  of  anhy- 
drous residue 


aFetOi. 
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Table  37. — Mineral  analyses  of  water  from  Muddy  River  near  Murphyshoro^  III. 
\  Parts  per  million  tmlMs  otherwise  stated.) 


Date 
(IWft-?). 


From — 


Aug.  1 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  30 
Oct.  12 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Dec.  1 
Dec.  11 
Deo.  21 
Jan.  1 
Jan.  11 
Jan.  21 
Feb.  2 
Feb.  11 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
Apr.  21 
Mav  1 
May  11 
May  21 
June  1 
June  11 
June  21 
July  1 
July  11 
July  21 


To-        5 


Aug.  10 
Aug.  20 
Aug.  29 
Sept.  9 
Sept.  19 
Sept.  29 
Oct.  9 
Oct.  17 
Oct.  29 
Nov.  8 
Nov.  19 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  31 
Feb.  9 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  31 
Apr.  10 
Apr.  20 
Apr.  30 
May  10 
May  20 
May  31 
June  10 
June  20 
June  30 
July  10 
July  20 
July  31 


Mean 

Per  ct.  of  anhy- 
drous residue. 


158  71 

730  241 

550  177 

224  104 


445 


248  136 


123 
80 
40 

190 


200 
240 
185 
40 
100 
290 
340 
170 
100 
35 
80 
340 
190 
150 


230 
435 
65 
80 
210 


245 


249 


64 
42 
24 
74 
728|  612 
115 
408|  180 
290   26 


49 

70 

123 

19 

66 

154 

276 

59 

44 

18 

34 

222 

156 

124 


160 
373 
31 
57 
105 


129 


0.4 
.3 
.3 
.5 
.6 
.5 


44 

32 
29 
24 
16 
37 
32 
16 
19 
16 
15 
6|  17 
18 
26 


.5  24 
11.5 


0.10 

1.6 

5.0 

1.7 

2.5 

0.30 


0.7 

1.0 

0.06 

0.15 

1.3 

5.0 

4.0 

4.5 


4.1 

4.5 

3.0 

1.5 

0.55 

4.9 

4.9 

5.3 

1.11 

0.21 

0.8 

2.5 

2.20 

0.7 


1.4 

0.83 

1.3 

0.15 

2.8 


9.6 
17 
19 
30 
33 
21 
17 
28 
43 
51 
46 
24 
18 


2.1  I  25 
11.5  ;  12.2 


17 
15 

8.4 
11 

8.7 
11 


18 

13 

16 

17 
6.3 
8.1 
4.4 

10 


4.1 
5.2 
8.7 

15 

18 

12 
6.1 

12 

22 

21 

26 
6.9 
9.3 

12 


7.4 
10 

5.8 
12 

7.9 


12 
5.6 


i. 

^ 

•«i 
S^ 


24 
22 
13 
9.5 
13 
14 


25 
27 
32 
27 
12 
21 
17 
20 


16 
15 
23 
29 
30 
25 
16 
17 
34 
35 
31 
18 
20 
19 


20 
9.9 


SO 


0.0 
.0 
.0 


.0  67 
.0  43 
.0 


L 

0 


101 
75 
54 


.0 
.0 
.0 

.0  90 
.0  31 
.0  54 


154 
88 
106 


46 

49 

79 

)144 

46 

)104 

.0\  79 

.0  57 

.0  72 


.0 
17.1 


72 


2    '3 


1^ 

•3 

00 


107 
112 
28 
65 
50 
70 


42 
46 
72 
106 
137 
93 
51 
72 
120 
186 
138 
81 
61 
62 


72 
35.0 


1.0 
2.1 
1.0 
1.7 
2.0 
1.5 


3.5 
1.0 
1.0 
.4 
1.5 
2.5 
4.0 
2.0 


3.0 
3.0 
5.0 
3.5 
1.7 
3.2 
1.7 
1.6 
3.2 
1.2 
1.1 
1.8 
1.8 
1.0 


5.0 
1.5 
.6 
1.1 


2.0 
1.0 


16 

15 

14 

17 
6.3 

13 
6.8 
8.7 


5.5 
5.5 
8.2 

17 

23 

11 
6.5 

10 

19 

25 

21 

12 
8.3 

10 


7.0 
8.0 
9.0 

13 

11 


13 
6.2 


JS 

at 


189 
158 
213 
150 
166 


274 
247 


2781  2.9 


115 


204 


183j 


218 
294 
342 
252 


2301 
339 
424 
343 
229 
193 
210 


122 
139 
178 


15.7 


217  6.6 
21911.7 


ia4 

23.3 
24.4 


14619.3 


8.2 
1.8 
3.1 
6.2 


193112.4 


7.5 
1.8 
2.3 
4.3 
5.6 
7.1 
2.8 
9.3 
1&5 
9.6 
5.3 
4.3 
9.6 


aFesOs. 
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Table  38. — Mineral  analyges  of  water  from  Missismppi  River  near  Moline^  III. 
[Parts  per  million  unless  otberwlse  stated.] 


aFesOi. 
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Table  39. — Mineral  analyses  of  water  from  Mississippi  River  near  Quinq^,  III. 
[Parts  per  miUion  unless  otherwise  stated.] 


S 

1 

IS 

t 

1. 

1 

1 

1 

'I 

Date 
(1W6-7). 

f 

i 

d 

i 

00 

t 
1 

t 

1 

1 

«<5 

5cQ 

1. 

i 

u 

5 

s 

1 

8 

From— 

To- 

1 

Aug.    1 

Aug.  10 

150 

104 

a7 

17 

a  10 

38 

17 

16- 

ca 

180 

25 

1.0 

5.5 

224  5u4 

Aug.  11 

Aug.  20 

540 

287 

.6 

23 

.20 

34 

14 

16 

.0 

161 

23 

2.1 

6.0 

192  6.4 

Aug.  21 

Aug.  30 

360 

190 

.6 

21 

2.0 

36 

17 

18 

.0 

166 

23 

2.0 

5.5 

197  5.7 

Aug.  31 
Sept.  10 

Sept.    9 
Sept.  18 

1  5.6 

246* 

*i68 

**'*.'7 

ii" 

'*.*6* 

""zi 

**'i3 

"io" 

"   '.'6 

*'i68 

**24 

"%S 

'  "i's 

187  6.0 

Sept.  20 

Sept.  29 

224 

149 

.7 

16 

.40 

35 

18 

11 

.0 

166 

20 

1.8 

9.0 

196|  5.9 

Sept.  30 

Oct.     9 

263 

169 

.6 

17 

.12 

38 

21 

12 

.0 

162 

22 

2.0 

4.6 

200  6.0 

Oct.   10 

Oct.   18 

144 

76 

.5'  19 

.02 

38 

21 

11 

.0 

190 

20 

1.6 

6.0 

213  5.3 

Oct.   20 

Oct.   31 

151 

88 

.6;  15 

.04 

42 

19 

12 

.0 

206 

22 

1.0 

6.5 

220  4.4 

Nov.    1 

Nov.    8 

60 

41 

.8   19 
1.0   17 

..04 

41 

19 

14 

.0 

214 

26 

.6 

4.3 

223   4.8 

Nov.    9 

Nov.  19 

30 

41 

.03 

36 

16 

8.0 

.0 

174 

14 

.3 

7.5 

185  5.8 

Nov.  20 

Nov.  30 

30 

27 

.9   16 

.05 

36 

17 

11 

.0 

182 

27 

2.5 

l§ 

196  6.9 

Dec.     1 

Dec.   10 

60 

64 

1.11  17 

.32 

37 

19 

11 

.0 

188 

28 

2.5 

217  6.6 

Dec.   11 

Dec.  20 

25 

24 

l.Ol  10 

.11 

36 

18 

13 

.0 

176 

27 

2.0 

4.5 

190  5.2 

Dec.  21 

Dec.  25 

lao 

24 

2.4l  18 

.28 

37 

24 

16 

.0 

225 

39 

2.0 

6.0 

244   2.9 

Jan.     1 

Jan.    10 

200 

125 

.6   19 

1.0 

36 

16 

16 

.0 

218 

27 

3.0 

5.0 

210!  4.5 

Jan.    11 

Jan.   20 

476 

152 

.3   26 

2.2 

36 

18 

9.8 

.0 

185 

35 

2.7 

4.0 

237 

6.2 

Jan.   21 

Jan.   31 

300 

164 

.5,  26 

1.4 

32 

14 

I    17 

.0 

140 

26 

2.7 

4.5 

203 

9.1 

Feb.    2 

Feb.    9 

96 

44 

.4,  21 

.9 

39 

17 

'      8.8 

.0 

180 

30 

.  2.7 

6.2 

218 

4.2 

Feb.  10 

Feb.  18 

80 

59 

.7  ao 

.44 

41 

18 

12 

.0 

205 

31 

2.6 

6.0 

239 

4.9 

Feb.  19 

Feb.  28   182 

112 

.6   16 

.26 

39 

16 

8.8 

.0 

183 

22 

3.2 

6.0 

207'  5.8 

Mar.     1 

Mar.  10  ,110 

no 

1.7   16 

.25 

33 

15 

12 

.0 

161 

19 

6.0 

3.3 

188  6.5 

Mar.  11 

Mar.  20  190 

147 

.8   18 

.61 

36 

16 

10 

.0 

176 

26 

4.0 

3.3 

192  7. 1 

Mar.  21 

Mar.  31    195 

177 

.9   17 

•  .61 

34 

14 

13 

.0 

176 

26 

5.0 

2.8 

1931  7.5 

Apr.     1 

Apr.  10  250 

188 

.7   18 

.36 

32 

la 

7.0 

.0 

141 

21 

2.8 

2.6 

180  9.8 

Apr.  11 

Apr.  20     40 

40 

1.0   14 

.22 

24 

10 

,      7.9 

.0 

121 

22 

2.4 

2.6 

14412.9 

Apr.  21 
May     1 

Apr.  30     40 
May  10    45 

37 

.9|    8.4 

.28 

38 

IQ 

12 

.0 

138 

24 

1.1 

6.6 

170ill.9 

46 

1.0  10 

.9   10 

.12 

33 

la 

'      9.2 

.0 

163 

22 

.9 

2.5 

176 

9.1 

May  11 

May  20    55 

52 

.34 

31 

11 

a7 

.0 

151 

32 

2.0 

3.6 

213 

7.8 

May  21 

May  31   165 

166 

1.0   16 

.7 

32 

16:      8. 7 

.0 

158 

22 

1.4 

2.3 

176 

8.3 

June    1 

June  10  170 

171 

1.0;  14 

.13 

34 

15 

6.9 

.0 

161 

19 

2.3 

,      2.5 

18818.6 

June  11 

June  20  250 

227 

.9,  14 

.62 

40 

17 

8.4 

.0 

173 

16 

1.2 

2.3 

200 

ia« 

June  21 

June  30  210 

177 

.8   16 

.32 

45 

17 

&7 

.0 

190 

28 

1.6 

3.6 

218 

9.1 

July     1 

July  10 

150 

135 

.9  20 

.12 

44 

Ifl 

13 

.0 

207 

3^ 

2.5 

3.0 

227 

8.8 

July  11 

July  20 

400 

294 

.7  24 

.66 

40 

15 

10 

.0 

163 

28 

2.4 

3.6 

21111.6 

July  21 

July  31 

175 

101 

.6|  31 

.6 

45 

17 

1    ^^ 

.0 

207 

30 

1.8 

3.8 

23913.4 

Mean 

173 

119 

.8   18 

1    .46 

36 

Ifl 

11 

.0 

175 

25 

2.2 

4.4 

203... 

Per  ct.  of  anhy-  | 

1 

1 

droui 

{residue..'... 

9.0 

r' 

18.1 

1 

&€ 

1      "-' 

4a2 

,  12.6 

1.1 

1   " 

1 

1 

r" 

a  FetOi. 
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Table  40. — Mineral  analyses  of  water  from  Mississippi  River  near  Chester,  III. 
[Parts  per  million  unless  otherwise  stated.] 


i 

1 
ji 

i 

SI 

1^ 

£ 

£ 

1 

1 

Date 
(1906-7). 

1 

1 

d 

S 

CQ 

t 

i 

if 

r 

jl 

So 
|a 

|| 

5 

i 

1 

Prom— 

To- 

1 

Aug.    I 

Aug. 

10 

1,400 

743 

0.5 

6.2 

0.30 

46 

15 

30 

0.0 

146 

93 

0.8 

11 

320 

Aug.  11 

Aug. 

20 

1,525 

705 

.5 

27 

.14 

38 

14 

27 

.0 

145 

52 

2.1 

9.5 

237 

Aug.  21 

Aug. 

30 

1,875 

857 

.4 

33 

.30 

40 

16 

17 

.0 

145 

47 

2.5 

10.0 

245 

Aug.  31 

Sept. 

9 

1,650 

929 

.6 

16 

.04 

39 

13 

20 

.0 

161 

55 

2.6 

12 

256 

Sept.  11 

Sept. 

19 

840 

560 

.7 

24 

.25 

40 

17 

26 

.0 

164 

48 

1.4 

10 

249 

Sept.  20 

Sept. 

29 

980 

1,042 

1.1 

19 

.16 

47 

17 

19 

.0 

167 

55 

1.2 

16 

260 

Sept.  30 

Oct. 

9 

766 

615 

.8 

16 

.06 

39 

17 

24 

.0 

150 

40 

1.5 

11 

228 

Oct.   10 

Oct. 

19 

1,100 

733 

.7 

19 

.08 

46 

21 

24 

.0 

190 

54 

2.0 

10 

266 

Oct.  22 

Oct. 

31 

530 

290 

.5 

22 

.08 

53 

22 

25 

.0 

236 

58 

1.2 

12 

306 

Nov.    1 

Nov. 

9 

540 

377 

.7 

22 

.02 

52 

19 

28 

.0 

219 

66 

1.5 

15 

316 

Nov.  15 

Nov. 

19 

710 

498 

.7 

24 

.04 

53 

23 

22 

.0 

200 

78 

1.7 

13 

310 

Nov.  20 

Nov. 

28 

634 

440 

.7 

19 

.20 

42 

17 

15 

.0 

180 

54 

3.5 

10 

254 

Dec     1 

Dec. 

10 

293 

228 

.8 

20 

.37 

43 

19 

15 

.0 

195 

49 

2.0 

10 

265 

Dec.  11 

Doc. 

20 

220 

254 

1.2 

17 

1.30 

46 

20 

16 

.0 

192 

54 

2.0 

9.5 

271 

Dec  22 

Dec. 

31 

194 

151 

.8 

15 

.12 

52 

24 

.0 

241 

55 

4.0 

11 

301 

Jan.     1 

Jan. 

10 

325 

235 

.7 

20 

.56 

43 

"is* 

16 

.0 

205 

52 

3.5 

10 

271 

Jan.   11 

Jan. 

19 

450 

355 

.8 

20 

1.1 

39 

15 

18 

.0 

175 

51 

2.5 

7.(^ 

260 

Jan.  21 

Jan. 

31 

850 

561 
213 

.7 

35 

1.2 

35 

10.0 

18 

.0 

117 

42 

1.2 

6.7 

222 

Feb.    1 

Feb. 

9 

310 

.7 

21 

1.2 

33 

13 

22 

.0 

148 

36 

7.0 

a2 

214 

Feb.  10 

Feb. 

18 

181 

132 

.7 

23 

.47 

46 

17 

22 

.0 

189 

49 

5.0 

12 

277 

Feb.  21 

Feb. 

28 

587 

496 

.8 

24 

.33 

47 

16 

23 

.0 

187 

63 

4.0 

12 

304 

Mar.     1 

Mar. 

10 

580 

621 

1.1 

21 

.35 

42 

17 

26 

.0 

161 

55 

5.0 

7.5 

266 

Mar.  11 

Mar. 

20 

390 

274 

.7 

34 

.45 

42 

13 

19 

.0 

146 

44 

3.0 

18 

257 

Mar.  21 

Mar. 

31 

800 

649 

.7 

19 

.26 

38 

13 

19 

.0 

166 

53 

4.0 

5.8 

238 

Apr.  21 

Apr. 

30 

445 

280 

.6 

20 

1.2 

47 

20 

12 

.0 

16? 

65 

2.0 

5.(^ 

256 

Jane    1 

June 

10 

2,000 

1,788 

.8 

23 

.13 

44 

16 

14 

156 

64 

2.4 

7.0 

284 

June  11 

June 
June 

20 
30 

Jane  21 

*i,'366 

1^465 

""i.*i 

22  " 

*".'« 

'**69 

"ih" 

'"*24 

'".'6 

*"i78 

""66 

"z'i 

"*6.*5 

296 

July     1 

July 

10 

1.820 

1,277 

1.0 

26 

.26 

48 

14 

21 

.0 

173 

62 

2.5 

7.0 

294 

July  11 

July 

20 

2,300 

1,807 

.8 

25 

.18 

50 

17 

13 

.0 

170 

81 

2.0 

7.0 

304 

July  21 

July 

31 

634 

482 

.8 

24 

.14 

47 

14 

21 

.0 

166 

54 

5.2 

7.5 

250 

Mean 

858 

634 

.8 

22 

.39 

44 

16 

21 

.0 

174 

56 

2.7 

9.8 

269 

Per  ct.  of  anhy- 

droos  mlduA .. 

8.5 

•  .2 

17.1 

6.2 

8.2 

33.2 

21.8 

1.0 

3.8 
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QUALITY  OF  SURFACE   WATERS  OF  ILLINOIS. 


Table  41. — Mineral  analyies  ofwaifrfrom  Vermilion  River  near  Danville,  III, 
[Partg  per  milUon  nnleM  otherwlie  sUtod.] 


Date 

^ 

1 

1 

i 

1 

k 

|i 

•g-a 

jl 

1 

It 

f 

1 

t 

1 

• 
a 

1 
1 

Fruiii —  .     To— 

1  ,1 

^ 

CO 

2 

CO 

^ 

« 

^ 

m 

CO 

Z 

u    !h 

Auff.    2     Aug. 

10 

136 

54 

0.4 

20 

0.40 

48 

31 

27 

0.0 

272 

^ 

0.7 

5.71299 

Aug.  11 

Aug. 

20 

300 

147 

.5 

18 

.6 

38 

24 

11 

.0 

193 

27 

2.7 

3.2.  216 

Aug.  22 

Aug. 

30 

425 

^1 

.5 

19 

.20 

36 

15 

16 

.0 

163 

25 

4.6 

4.6  222 

Aug.  31 

Sept. 

9 

117 

60 

.5 

15 

.10 

56 

28 

15 

.0 

241 

36 

3.0 

6.0  282 

Sept  10 

Sept. 

19 

50 

38 

.8 

13 

.30 

44 

28 

8.7 

.0 

286 

38 

.8 

5.0  267 

Sept.  20 

Sept. 

29 

142 

68 

.5 

20 

.12 

49 

24 

15 

.0 

282 

32 

1.8 

7.0  264 

Sept.  ao 

Oct. 

9 

90 

44 

.5 

11 

.07 

62 

26 

18 

.0 

270 

36 

1.2 

5.0 

275 

dct.  10 

Oct. 
Oct. 

19 
29 

Oct.   20 

Oct.  do 

26" 

is" 

*"*9 

12" 

'  ".04 

""i» 

""36 

"23" 

"".6 

"*326 



41 

""."6 

"*7.*5 

322 

Nov. 

8 

10.0 

5.2 

.5 

18 

.10 

63 

36 

20 

.0 

360 

46 

.3 

6.6  342 

Nov.    0     Nov. 

19 

20 

7.8 

.4 

6.2 

.03 

60 

36 

21 

.0 

330 

44 

.6 

7.6  318 

Nov.  20 

Nov. 

30 

161 

156 

1.0 

16 

.05 

53 

25 

10.0 

.0 

220 

^ 

8.0 

3.6^ 

279 

Dec.     1 

Dec. 

10 

125 

78 

.6 

21 

.06 

56 

26 

12 

.0 

264 

4? 

14 

4.2  303 

Dec.  11 

Dec. 

20 

50 

61 

1.2 

12 

.17 

56 

27 

8.0 

.0 

236 

42 

16 

4.8,  301 

Dec.  21 

Dec. 

31 

40 

47 

1.2 

10.0 

.24 

58 

28 

14 

.0 

275 

46 

12 

4.6  314 

Jan.     1 

Jan. 

10 

270 

258 

1.0 

19 

.37 

39 

22 

14 

.0 

189 

67 

12 

4.7  254 

Jan.   11 

Jan. 

19 

296 

255 

.9 

17 

.6 

43 

18 

13 

.0 

190 

47 

6.5 

3.0!  245 

Jan.   21 

Jan. 

31 

90 

57 

.6 

20 

1.1 

50 

22 

13 

.0 

189 

41 

16 

6.0  263 

Feb.    1 

Feb. 

9  '    10.0 

6.0 

.6 

15 

.16 

62 

27 

13 

.0 

266 

47 

16 

5.2  330 

Feb.  10 

Feb. 

18       45 

21 

.5 

18 

.09 

56 

23 

14 

.0 

240 

56 

12 

6.0  316 

Feb.  20 

Feb. 

28  ,    10.0 

12 

1.2 

8.4 

.13 

57 

24 

14 

.0 

247 

50 

16 

5.0  209 

Har.    1 

Mar. 

10 

7.0 

8.6 

1.2 

11 

.13 

49 

23 

14 

.0 

243 

39 

8.0 

3.8  2T9 

Mar.  11 

Mar. 

20 

230 

164 

.7 

15 

.70 

49 

20 

13 

.0 

180 

50 

12 

8.5'  256 

Har.  21 

Mar. 

31 

160 

45 

.3 

15 

.54 

48 

22 

9.3 

.0 

207 

48 

24 

4.8  2S0 

Apr.    1 

Apr. 

10 

25 

18 

.7 

14 

.18 

56 

26 

9.3 

.0 

236 

^ 

24 

4.0  266 

Apr.  11 

Apr. 

20 

5.0 

4.4 

.9 

8.6 

.23 

54 

21 

10.0 

.0 

242 

45 

19 

2.5,  264 

^^1 

X- 

30 

19 

18 

1.0 

4.7 

1.3 

56 

36 

8.7 

.0 

247 

62 

11 

3.0I  2»5 

10 

45 

25 

.6 

18 

.26 

50 

18 

9.6 

.0 

227 

45 

24 

3.  A  274 

May  U 

May 

20 

25 

22 

.9 

9.2 

.16 

56 

24 

9.2 

.0 

243 

40 

24 

3.8,'  288 
3.8^  276 
4.2  330 
4.3,'  304 
3.0^  2S8 

May  21 

May 

31 

35 

36 

1.0 

11 

.16 

56 

28 

9.2 

.0 

239 

44 

24 

June    1 

June 

10 

330 

251 

.8 

13 

.18 

60 

26 

8.1 

.0 

176 

37 

20 

June  11 

June 

20 

65 

56 

.9 

U 

.25 

63 

26 

8.7 

.0 

250 

42 

16 

June  21 

June 

30  '  100 

29 

.3 

14 

.57 

61 

24 

8.6 

.0 

246 

34 

10.0 

July    1 

July 

10 

70 

68 

1.0 

17 

.25 

65 

26 

6.7 

.0 

267 

37 

16 

5.0;  301 

July  11 

July 

20 

460 

487 

1.1 

13 

.24 

64 

21 

8.2 

.0 

221 

34 

18 

3.3,  200 
4.0  285 

July  21 

July 

31 

55 

48 

.9 

17 

.23 

64 

26 

8.9 

.0 

266 

36 

24 

Mean.. 
Per  ct. 

115 

82 

.8 

14 

.29 

54 

26 

13 

.0 

243 

42 

12 

..^2« 

ofaiihy- 

drous  raslduA . . 

4.9 

••1 

19.0 

8.8 

4.6 

42.1 

14.7 

4.2 

1.6 

1 
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k    -X^.- 

— ja 

•r*«f  u 

[Parts  per  million  unl 

688  Otherwise  sUl 

ted.) 

rtctw 

V^fMM  » 

c«M/r», 

^•». 

Date 

} 

1 

^ 

1 

k 

1 

1 

« 

5 

(1905-7). 

1 

i< 

1 

i 

s 

SO 

1^ 

f 

d 
1 

g 

1 

From — 

To- 

1 

Aug.    1 

Aug. 

10 

215 

184 

0.8 

27 

0.35 

48 

25 

20 

0.0 

251 

31 

2.8 

7.5 

297 

Aug.  11 

Aug. 

20 

268 

172 

.6 

21 

.20 

39 

18 

12 

.0 

182 

22 

2.1 

4.2  230 

Aug.  22 

Aug. 

30 

400 

167 

.4 

22 

.06 

36 

18 

16 

.0 

182 

24 

3.5 

2.0 

226 

Aug.  31 

Sept. 

9 

100 

41 

.4 

18 

.08 

57 

29 

15 

.0 

282 

28 

1.7 

5.6 

282 

Sept  10 

Sept 

19 

214 

78 

.4 

21 

.30 

38 

20 

7.3 

.0 

190 

22 

1.4 

3.6 

214 

,             Sept  20 

Sept 

27 

220 

94 

.4 

17 

.45 

38 

18 

11 

.0 

192 

23 

2.6 

5.6 

212 

*            Sept  30 

Oct. 

9 

182 

106 

.6 

19 

.04 

56 

28 

28 

.0 

287 

27 

3.0 

5.0 

316 

Oct    10 

Oct 

19 

70 

42 

.6 

11 

.16 

58 

31 

16 

.0 

315 

36 

1.5 

5.0 

310 

Oct   20 

Oct 

28 

30 

20 

.7 

10.0 

.14 

61 

33 

•  21 

.0 

322 

32 

0.5 

7.2 

291 

Oct    29 
Nov.  11 

Nov. 
Nov. 

10 
19 

ioo" 

"m" 

'"**6 

"h'/i 

'  '.'io 

"*» 

■**39 

'ie' 

"".6 

'**326 

"'"36 



0.4 

"'7*2 

293 

t              Nov.  20 

Nov. 

30 

200 

178 

.9 

18 

.06 

37 

22 

11 

.0 

246 

18 

6.0 

5.3 

268 

Dec     1 

Dec 

10 

160 

175 

1.1 

26 

.20 

54 

26l 

18 

.0 

280 

32 

8.6 

4.0 

283 

Dec   11 

Dec 

20 

144 

144 

1.0 

13 

.09 

54 

26 

11 

.0 

257 

26 

8.0 

5.6 

277 

Dec  21 

Dec 

31 

224 

361 

1.1 

12 

.32 

57 

31 

10.0 

.0 

286 

34 

8.0 

6.0 

300 

Jul     1 

Jan. 

10 

280 

352 

1.2 

17 

.57 

43 

21 

13 

.0 

219 

34 

9.0 

5.0 

236 

Jan.    11 

Jan. 

18 

276 

292 

1.1 

30 

.80 

38 

16 

15 

.0 

200 

36 

7.0 

4.2 

254 

Jan.   21 

Jan. 

31 

100 

106 

1.1 

32 

3.6 

41 

20 

10.0 

.0 

200 

22 

8.0 

4.2 

232 

Feb./    1 

Feb. 

8 

20 

21 

1.0 

11 

.15 

55 

24 

8.0 

.0 

253 

33 

6.0 

5.(^ 

271 

Feb.  10 

Feb. 

18 

25 

37 

1.5 

19 

.13 

52 

21 

13 

260 

43 

8.6 

5.0 

291 

Feb.  19 

Feb. 

28 

25 

31 

1.2 

14 

.08 

54 

23 

14 

.0 

267 

33 

8.0 

5.0;  281 

liar.     1 

Mar. 

10 

25 

35 

1.4 

11 

.26 

52 

24 

13 

.0 

260 

41 

8.0 

4.6,  289 

liar.  11 

Mar. 

20 

800 

1.014 

1.3 

18 

.24 

45 

18 

11 

io 

173 

39 

10.0 

7.6 

237 

liar.  21 

Mar. 

31 

100 

90 

.9 

15 

.23 

51 

25 

15 

.0 

242 

39 

16 

4.3 

278 

Apr.    1 

Apr. 

10 

10.0 

18 

1.8 

9.0 

.26 

54 

24 

9.6 

.0 

249 

48 

16 

5.5 

269 

Apr.  11 

Apr. 

20 

8.0 

10.0 

1.2 

10.0 

.16 

52 

25 

9.9 

.0 

260 

34 

14 

4.5 

264 

Apr.  21 
May     1 

^;- 

30 

70 

41 

.6 

11 

.45 

49 

29 

6.3 

.0 

226 

32 

9.2 

6.6 

266 

10 

20 

15 

.8 

13 

.12 

52 

24 

15 

.0 

267 

32 

12 

6.6 

286 

May  11 

May 

20 

30 

33 

1.1 

8.2 

.16 

49 

22 

12 

.0 

266 

35 

10.0 

7.3 

281 

May  21 

May 

31 

30 

33 

1.1 

5.0 

.fiO 

50 

23 

10.0 

.0 

260 

31 

10.0 

4.3 

276 

Jane    1 

June 

10 

200 

162 

.8!  16 

.36 

50 

24 

13 

.0 

228 

26 

13 

3.8 

267 

June  11 

June 

20 

90 

88 

1.0,  17 

.34 

65 

29 

7.6 

.0 

284 

32 

6.0 

3.5 

277 

Jane  21 

June 

30 

200 

149 

.7 

16 

.23 

67 
66 

21 

11 

.0 

281 

29 

13 

4.6 

269 

July    1 

July 

10 

80 

65 

.8 

20 

.15 

25 

13 

.0 

280 

26 

18 

4.6 

312 

July  11 

July 

20 

422 

380 

.9 

22 

.26 

60 

21 

13 

.0 

217 
270 

27 

7.0 

3.0 

243 

July  21 

July 

31 

100 

93 

.9 

26 

.21 

64 

24 

14 

.0 

30 

10.0 

3.2 

301 

Mean. 

155 

140 

.9 

17 

.34 

51 

24 

13 

.0 

249 

31 

7.6 

4.9 

270 

Perot 

ofaiihy-' 

6.3 

a. 2 

18.8 

8.9 

4.8 

45.0 

11.4 

2.8 

1.8 

1 

' 

aFeiOi. 
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Table  43.— Mineral  analyses  of  water  from  Embarrass  River  near  LawrencevilU,  III, 
[Parts  per  mlUkm  nnkM  otherwlae  stated.] 


Date 
(1906-7). 

^ 

H 

I 

1 

1 

t 

J 

1 

k 
II 

li 

jl 

1^ 

r 

1 

u 

g 

1 
1 

3 

From — 

To- 

1 

I 

§ 

1 

2 

1 

S^ 

S 

•3 

OQ 

S 

s 

1 

Aug.  1 

Aug. 

10 

280 

52 

0.6 

24 

0.30 

42 

22 

29 

0.0 

207 

33 

1.2 

26 

278 

Aog.  U 

Aug. 

20 

220 

111 

.5 

15 

.14 

33 

18 

18 

.0 

150 

23 

2.4 

23 

231 

Aug.  21 

Aug. 

30 

268 

103 

.4 

17 

.30 

33 

18 

32 

123 

26 

1.5 

45 

240 

Aug.  31 

Sept. 

16 

148 

89 

.6 

15 

.20 

42 

22 

19 

'".'6 

206 

24 

.8 

26 

251 

Sept.  17 
Sept.  27 
Oct.  13 

Sept. 
Oct. 
Oct. 

26 
12 
19 

"i9  " 
27 

"ao* 

"19" 

"i.*6 

is" 

".'08 

"59  " 

"49" 

'.'6 

'"274 

'45" 

"*7'6 

"64" 

'426 

Oct.  20 

Oct. 

29 

20 

15 

.8 

10 

.10 

55 

25 

43 

.0 

270 

36 

.3 

61 

371 

Oct.  30 

Nov. 

8 

20 

ao 

.4 

lU 

.10 

60 

34 

87 

.0 

306 

49 

.2 

114 

472 

Nov.  0 

Nov. 

18 

20 

7.4 

.4 

16 

.05 

72 

31 

48 

.0 

335 

50 

5.5 

75 

468 

Nov.  20 

Nov. 

30 

220 

98 

.5 

15 

.20 

66 

55 

.0 

229 

64 

.3 

88 

458 

Dec.  14 

Dec. 
Dec. 

20 
31 

Dec.  21 

ids'" 

76" 

"".'7 

21" 

**32 

"49* 

'23" 

"26" 

*.'6 

"227 

"46" 

"6.*6 

"26  " 

'308 

Jan.  1 

Jan. 

10 

214 

78 

.4 

20 

3.7 

19 

8.5 

18 

.0 

100 

27 

2.5 

9.5 

166 

Jan.  11 

Jan. 

20 

161 

89 

.6 

31 

1.4 

28 

16 

17 

.0 

136 

36 

4.5 

9.2 

205 

Jan.  21 

Jan. 

31 

159 

50 

.3 

25 

1.7 

24 

9.5 

17 

.0 

104 

30 

4.0 

8.2 

174 

Feb.  2 

Feb. 

9 

45 

34 

.8 

14 

.22 

46 

20 

27 

.0 

203 

43 

2.0 

20^ 

268 

Feb.  10 

Feb. 

18 

12 

13 

1.1 

11 

.13 

«J 

22 

21 

.0 

234 

44 

6.0 

24 

284 

Feb.  19 

Feb. 

28 

8.0 

11 

1.2 

18 

.07 

54 

24 

25 

.0 

2M 

54 

6.0 

32 

342 

Mar.  1 

Mar. 

10 

50 

45 

.9 

14 

.15 

52 

18 

33 

.0 

206 

29 

4.2 

46 

342 

Mar.  11 

Mar. 

20 

280 

177 

.6 

22 

2.2 

26 

10.0 

15 

.0 

111 

38 

9.2 

14 

192 

Mar.  21 

Mar. 

31 

120 

54 

.4 

19 

.78 

44 

16 

19 

.0 

198 

39 

14 

16 

274 

Apr.  1 

Apr. 

10 

Apr.  11 

Apr. 

20 

'is  ■ 

is' 

*"*.'9 

iz" 

'.'ia 

"55  * 

"26*' 

"28** 

*'*.'6 

"246 

"42  ■ 

*3.'3 

'46'" 

"326 

Apr.  21 
Itky    1 

^a^- 

30 

112 

54 

.5 

10 

.32 

45 

24 

29 

.0 

243 

43 

2.6 

51 

296 

10 

210 

109 

.6 

13 

.02 

37 

12 

22 

.0 

143 

35 

2.4 

28 

238 

May  11 

May 

20 

80 

44 

.6 

11 

.16 

42 

17 

31 

.0 

183 

52 

3.2 

40 

287 

May  21 

May 

31 

120 

94 

.8 

19 

.30 

34 

15 

17 

.0 

141 

34 

1.5 

26 

235 

June  1 

June 

10 

200 

107 

.5 

9.2 

.29 

26 

9.3 

13 

.0 

91 

17 

2.7 

12 

120 

June  11 

June 

20 

100 

70 

.7 

18 

.59 

48 

23 

17 

.0 

187 

28 

2,0 

19 

251 

June  21 

June 

30 

220 

128 

.6 

18 

.90 

51 

18 

19 

.0 

190 

26 

.1.4 

36 

255 

July  1 

July 

10 

43 

41 

1.0 

17 

.14 

55 

20 

20 

.0 

231 

25 

7.0 

18 

275 

July  11 

July 

20 

181 

123 

.7 

13 

.11 

^39 

18 

28 

.0 

158 

21 

2.1 

38 

246 

July  21 

July 

31 

68 

60 

.9 

15 

.22 

45 

17 

15 

.0 

170 

24 

6.0 

22 

222 

Mean 

118 

66 

.7 

17 

.53 

44 

19 

28 

.0 

196 

35 

3.7 

35 

"» 

Per  ct.  of  anhy- 

drous residue... 

6.1 

a. 3 

15.8 

6.S 

10.0 

34.5 

12.6 

1.3 

12.6 

•  FejO^ 
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Tabus  44. — Mineral  analyses  of  water  from  Little  Wabash  River  near  Carmi,  III. 
[Parts  per  mlllloii  antoae  otherwise  stated.] 


l>ate 
(l«)5-7). 


From—       To— 


Aug.  1 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  10 
Sept.  20 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  30 
Nov.  9 
Nov.  20 
Dec.  1 
Dec.  12 
Dec.  21 
Jan.  I 
Jan.  11 
Jan.  21 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
Apr.  21 
May  1 
May  11 
May  21 
June  1 
June  11 
June  21 
July  1 
July  11 
July  21 


Aug.  10 
Aug.  20 
Aug.  30 
Sept.  9 
Sept.  19 
Sept.  29 
Oct.  9 
Oct.  18 
Oct.  29 
Nov.  7 
Nov.  19 
Nov.  30 
Dec.  9 
Dec.  20 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  31 
Feb.  9 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  31 
Apr.  10 
Apr.  20 
Apr.  30 
May  10 
May  20 
May  31 
June  10 
June  20 
June  30 
July  10 
July  20 
July  31 


Mean 

Per  ct.  of  anhy- 
dzous  residue. . 


20 
40 
144 
142 


90) 
127 


430 
182 
273 
151 
220 
94 
60 


40 
35 
100 
330 
145 
60 
60 


140 


155 
220 
110 
120 
160 


135 


9.2 
25 
55 
60 


64 


170 

68 
109 

77 

67 

10.0 

21 


20 
29 
94 
198 
34 
26 
26 


110 


155125 


110 
143 

65 
100 

84 


s 


0.6 
.6 
.4 
.4 


26 
16.5 


a20 
.20 
.25 


30|  23 


.35j 


.7 
1.5 
3.7 
3.7 
9.9 
3.2 

.401 


1.1 


2.0 
al.8 


16 


13 
17 
15 
16 
7.8 
10.0 
11 


25 
32 
28 
8.5 
15 
36 
36 


21 


74  22 


20 
12.6 

aFeiOi. 


15 
16 
8.3 
13 


9.3 
14 


4.0 
9.1 
3.8 
5.3 
6.2 
3.8 
5.2 


9.6 

12 

15 
6.7 
6.7 

15 

17 


11 
7.9 


7.7 
4.8 
3.9 
6.4 
4.8 


I. 


6.4 
16 
15 
16 
15 
13 
10.0 


lao 

12 
8.1 
11 

la 


9.1  15 
5.8   9.5 


.0 
.0 
.0 
.0 
01   .0 


27.5 


171 
160 
97 
91 


93 

118 


106 
126 
104 
57 
60 
126 
153 


64 
102 
80 
83 
53 


I 
3 


32 
20.3 


0.8 
1.9 
1.6 
1.5 


2.0 
1.6 


.9 


3.0 
3.6 
2.5 
2.6 
6.0 
1.2 
4.0 


12 
14 
6.3 


5.5 
9.0 


6.5 
11 


1.0 
8.8 
6.5 
5.6 
4.2 
4.0 
5.5 


219 
211 
174 
163 


2.0 
1.5 
3.  a 

1.5| 
2.7 
2.8' 
1.8 


2.5 
1.2 


1.6 
2.4 
1.7 
1.2 
1.5 


2.1 
1.3 


7.6 

16 

11 
7.3 
6.0 
8.0 
8.3 


9.0 
7.0 


5.61 
6.01 
6.0 
6.6 
5.0 


147 
138 


188 
187 


111 
163 
185 
184 
140 
160 
138 


193 
219 
239 
187 
240 
227 
236 


182 
151 


149 
153 
134 
137 
160 


1.3 
0.7 

a6 
a5 

0.6 

6.4 
4.5 
8.4 
7.5 
17.1 
19.8 
26.0 
2L6 
5.8 
0.9 
3.5 
11.8 
22.3 
6.8 
1.9 
1.8 
3.7 
2.7 
3.1 
8.8 
9.8 
4.7 
2.0 
1.7 


7. 5     17 

4.7.... 
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Table  45. — Jfineral  anabftet  ofwoUrfrom  Cachr  River  near  Mounds^  III. 
[Parts  per  mlllioa  nnkaa  otherwise  stated.] 


Date 

(1905-7). 

1 

'I 

1 

00 

"S  . 

Il 

1 

00 

i 

£ 

1 

i 

X          c         e        e        • 

^    1^    2      1      5     2    , 

til' a  II  till 

Ffom-j     To- 

^1 

Aug.  1 
Auc.  U 
Aug.  21 
Auf.  31 
Sept  10 
Sept  20 
SeptaO 
Oct  10 
Oct  20 
Not.  1 
Nov.  U 
Not.  22 
Dec  1 
Dec.  11 
Dec.  21 
Jan.  1 
Jan.  11 
Jan.  21 
Feb.  1 
Feb.  10 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
ADr.  21 
May  1 
May  11 
May  21 
June  1 
June  11 
June  21 
July  1 
July  11 
July  21 


Aug.  10 
Aug.  20 
Aug.  30 
Sept  9 
Sept  19 
Sept  20 
Oct.  9 
Oct.  19 
Oct.  31 
Nov.  8 
Nov.  21 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  31 
Feb.  9 
Feb.  17 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  31 
Apr.  10 
Apr.  20 
Apr.  31 
May  10 
May  20 
May  31 
June  10 
June  20 
June  30 
July  10 
July  20 
July  31 


Mean 

Per  ct.  of  anhy- 
drous residue. 


210'  9« 

220  75 

155  61 

130,  64 


90 
50 
182 
112 
50 
40 
20 
175 
100 
290 
130 
340 
55 
45 


149 
65 
1031 


a4  4.6 
.3  20 
.3  31 


-U 


40 

155 

168,   58 
273  175 


20 
152 
53 
35 
23 
34 
12 
93 
36 
73 
48 
84 
34 
30 


.4,  9 

Lo;  22 

.4^:26 
.3  28 
.6  23 
.2  22 
S-O".  28 
.3  39 
.3  29 
.5  24 
.81  23 
.6;  19 


145     117 


125;     126 
195;      78 


134      66 


LO 
.4 
.5 
.6 
.7 


.6 


24 


22 
16.2 


0.2ti 
LO 
.60? 

.171 


laol 
7.4 

7.0j 

9.1 


20 


'0. 

.0. 


121    4.3 
93  20 

90  35 
94'  14 


Ltf 

a9 

LO 
LO 


7.2     166. 
5.0     141 


15 
6.5 


*r 


.26 
.19 
.25 
.80 

2.8 

3.2 

2.8 

6.5 

5.2 

2.8 

2.5 

4.8 

4.9 


4.5 
7.4 
2,6 
3.4 
0  L5 
L5 


33 

42 

19 

19 
9.7 
9.7 
9.2 
8.3 

12 

12 

13 

15 

14 

12 

15 

16 

18 

16 

23 

28 


.58 
.56 

3.8 

4.5 
.20 


2.6 


2.5 
a2.7 


25 


19 
14.0 


13    I 

8.7; 
3.8, 
4.5 

tl 

6.4 
3.1 
4.0 

t? 

5.6 
3.9 
5.4 
L5 
4.0 
5.6 
6.3 
8.5 
5.8 


I 


17 
25 
30 
37 
11 

7.4 
14 
17 
11 
14 
12 
11 

8.2 
13 

7.0 

9.0 

a7 

9.0 
6.9 
19 


3.5 
5.3 
9.0; 
8.5, 
5.9 


7.0 
86 
3.9 
6.2 

8.8 


9.0     13 


&0     15 
4.4     11.1 


211  . 
139. 


3L1 


159 
211 
108 
85 
59 
41 
59 
72 
62 
66 
58 
74 
70 
42 
57 
64 
60 
94 
96 
104 


0     100 


85 


.7, 
2.0' 

L2; 

2.7; 

L2 
2.7. 


19    I    2.4' 
22        3.5 


13 
16 
15 
9.2 
16 
15 
13 
12 
36 


12 
27 
17 
11 
9.7 


lao 


19 
140 


LO 
6.0 
L2 
2.4 
L2 
7.0' 
.6! 


L5 
L 


7.0) 

19 

23 

14 
6.0^ 
3.0 
3.01 

4.0' 
4.5 
6.7 
5.5 
3.0 
4.0 
3.8 
3.3 
4.5 
4.5 
13 


1.4 
L3 
8.0 
2.O1 


4.0 
5.3 
3.0 
4.5 
4.5 


.7,    lao 


....    3.8 

....I  a4 

190i  3.2 
284^  2.9 
2441  3.0 
229^  &5 
L29^  5.2 
126.  7.7 
11711.5 
17017.3 
142^23.6 
12li24.5 
12919.4 
11513.4 
121.  7.3 
138  8.8 
16015.8 
11917.5 

125  lai 

138  5.0 
11*  6.0 

....  9.2 
....14.8 
92110.3 
100^11.7 
140^18.8 
131  la  2 
lid  8.2 

...71 7.1 

158 IL  6 


2.1 
L5 


6.8     149 
5.0L 


aFesO,. 
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Table  46. — Average  quality  ofwaUrt  of  some  riven  in  IlKnois, 
[Parts  per  milUon.) 


Soaroe  and  location  of 
sampling  station. 


".5 
SB 


Is 


6 


4 

a 

s 

I 


Reservoir,  Cartter.  lU. . . . 

Reeeryotr,  Marion,  111 

Reservoir,  Cypress,  HI. . . 

Reservoir,  Joppa.  Ill 

Rock  River,  Rockford, 
HI 

Rock  River,  Sterling.  lU.. 

Kanknk»e  River,  Kanka- 
kee. HI 

Pox  River,  Elgin,  lU 

Fox  River,  Ottawa,  m... 

Vennilion  River  (of  Illi- 
nois), Streator,  111 

Sangamon  River,  Deca- 
tur.ni 

Sangamon  River,  Spring- 

Sangamon  River,  Chan- 
dlerville.  HI 

Illinois  River,  Lasalle,  lU. 

Illinois  River,  Peoria,  lU 

Illinois  River,  Kamps- 
viUe.ni 

Kftskaskia  River,  Shelby- 
ville,ni 

Kaikaskla  River,  Car- 
lyle,lll 

Muddy  River,  Murphys- 
boro,IU 

Mississippi  River,  Mo- 
line.  ^^ 


Mississippi  River, 

y,iii 


Quincy, 


Vermilion  River  (of  Wa- 
bash), Danville,  in 

Embarrass  River, 
Charleston,  111 

Embarrass  River,  Law- 
renceville,  HI 

Little  Wabash  River, 
Carml,ni 

CKshe  River,  Moands,  111 


72 
»7 
155 
116 

134 
229 

50 
34 
04 

107 

126 

74 

154 
159 
43 

188 

110 

184 

245 

117 

173 

858 

115 

156 

118 

135 
134 


33 
43 
59 
66 

02 
236 

32 
23 

87 

78 

87 

39 

102 
136 
26 

145 

84 

126 

129 

106 

119 

634 

82 

140 

66 

68 


1.9 
.03 
3.7 
3.5 

.44 

.31 

.27 
.15 
.20 

.22 

.27 

.32 
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GEOLOGY  AND  WATER  RESOURCES  OF  THE  SAN  LUIS 
VALLEY,  COLORADO. 


By  C.  E.  SlEBENTHAL. 


INTRODUCTION. 

SCOPE  OF  REPORT. 

In  the  preparation  of  this  report  three  objects  have  been  kept  in 
view: 

1.  To  present  such  a  summary  of  the  geologic  conclusions  of  pre- 
vious workers  together  with  the  observations  of  the  writer  as  would 
give  to  the  reader  a  comprehensive  view  of  the  geology  of  the  San 
Luis  Valley  and  the  surrounding  rim  and  enable  him  to  understand 
the  relation  of  the  artesian  basin  to  the  geologic  structure. 

2.  To  give  a  description  of  the  artesian  basin,  its  development,  and 
its  prospects. 

3.  Finally,  to  make  accessible  to  the  reader  such  information  in 
regard  to  climate,  agriculture,  irrigation,  and  water  resources  as  is 
available  and  of  general  interest. 

DATE  OF  REPORT. 

The  field  work  in  the  San  Luis  Valley  was  completed  in  1904,  and 
the  report  thereon  was  prepared  in  1906.  Untoward  circumstances 
have  intervened  to  prevent  the  publication  of  the  report  until  the 
present.  It  is  to  be  understood,  therefore,  that  the  description  of  the 
development  and  prospects  of  the  artesian  basin  refers  to  conditions 
at  the  close  of  field  work  in  1904. 

ACKNOWLEDGMENTS. 

The  writer  wishes  to  acknowledge  the  cordial  cooperation  of  the 
citizens  generally  and  in  particular  that  of  the  following  persons,  with- 
out whose  valuable  assistance  this  report  would  have  materially 
suffered:  Hon.  W.  H.  Adams,  Hon.  E.  L.  Myers,  Hon.  J.  H.  Williams, 
Messrs.  G.  H.  Adams,  Frank  Beckwith,  M.  D.  Blakey,  M.  B.  Colt, 
Oscar  Fountain,  A.  A.  Goodall,  William  Hansen,  W.  R.  Hapney, 
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D.  W.  Holman,  H.  J.  Johnson,  Stephen  Kinney,  Horace  Means,  W.  O. 
Meier,  A,  L.  Moss,  D.  E.  Newcomb,  George  Xewsom,  Prof.  L.  A- 
Norland,  A.  Sheilabai^r,  R.  W.  Shellabarger,  Charies  Speiser,  L.  B. 
Sylvester,  H.  C.  Warner,  G.  M.  Whitead,  and  others,  and  especially 
the  officials  of  the  Monte  Vista  Land  Company,  the  Parma  LAnd 
Company,  and  the  various  well  drillers  in  the  valley. 

Obligations  are  also  due  to  Prof.  W.  A.  Converse,  of  the  Dearborn 
Drug  and  Chemical  Company,  of  Chicago,  HI.,  for  analyses  of  various 
well  waters,  duly  credited  in  the  table  of  analyses,  several  made 
especially  for  this  report;  to  Dr.  W.  P.  Headden,  of  the  Colorado 
Agricultural  Collie,  for  various  analyses  of  San  Luis  waters,  also 
credited  in  the  report;  and  to  Mr.  P.  F.  Lund,  of  the  Denver  and 
Rio  Grande  Railroad,  for  data  concerning  various  wells  sunk  by  that 
company  in  the  valley. 

LXTEBATUBB. 

The  following  references  comprise  the  important  literature  relating 
to  the  San  Luis  Valley: 

GBOLOOT. 

Baoo,  R.  M.    Some  copper  depoeito  in  the  Sangre  de  Crifito  Range,  Colorado.    Ecoii. 

Geology,  vol.  3,  1908,  pp.  739-749. 
EifMONS,  S.  F.    Orographic  movements  in  the  Rocky  Mountains.    Bull.  Geol.  Soc. 

America,  vol.  1,  pp.  245-286. 
Endlich,  F.  M.    Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr,  for  1373,  pp.  323- 

351;  for  1875,  pp.  105-175. 
GuNTOEB,  C.  G.    Gold  deposits  of  Plomo,  San  Luis  Park,  Colorado.    Econ.  Geology, 

vol.  1,  pp.  143-154. 
Hatden,  F.  V.    Ann.  Rept.  U.  S.  Geol.  and  Geog.  Survey  Terr,  for  1869,  pp.  72-76. 
Bills,  R.  C.    Orographic  and  structural  features  of  Rocky  Mountain  geology.    Proc. 

Colorado  Sci.  Soc.,  vol.  3,  pp.  362^58. 

Walsenburg  (No.  68)  and  Spanish  Peaks  (No.  71)  folios,  Geol.  Atlas  U.  S., 

U.  S.  Geol.  Survey. 

SiEBENTHAL,  C.  E.    Notes  on  glaciation  in  the  Sangre  de  Cristo  Range,  Colorado. 

Jour.  Geology,  vol.  15,  1907,  pp.  15-22. 
The  San  Luis  Valley,  Colorado.    Science,  new  series,  vol.  31,  no.  802  (May 

31, 1910),  pp.  744-746. 
Stevenson,  J.  J.    U.  S.  Geog.  Surveys  W.  100th  Mer.,  vol.  3,  pp.  315  et  seq.;  also 

Supplement,  pp.  313-319. 
Van  Diebt,  E.  C.  and  P.  H.    Notes  on  the  geology  of  the  western  slope  of  the  Sangre 

de  Cristo  Range.    Proc.  Colorado  Sci.  Soc.,  vol.  5,  pp.  76-80. 

IRRIGATION  AND  HYDROLOGY. 

Carpenter,  L.  G.    Artesian  wells  of  Colorado  and  their  relation  to  irrigation.    Bull, 
('olorado  Agr.  Coll.  Exper.  Sta.,  No.  16. 

—  -     Report  to  the  Secretary  of  Agriculture,  on  artesian  wells.    Sen.  Ex.  Doc.  No. 
222,  5lHt  (\)ng.,  iHt  HOH8.,  pp.  218-225,  230-231. 

Green,  J.  S.    Ann.  Rept.  Colorado  State  Engineer,  1887-8,  p.  303. 
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HsADDBN,  W.  P.  Significance  of  rilicic  acid  in  waters  of  mountain  etreams.  Am. 
Jour.  Sci.,  4th  eer.,  vol.  16,  1903,  pp.  169-184. 

The  brown  artesian  waters  of  (Costilla  County,  Colorado.    Am.  Jour.  Sci., 

4th  8».,  vol.  27,  1909,  pp.  905-315. 

HoiTON,  Richard  J.  Report  on  irrigation  and  the  cultivation  of  the  soil  thereby. 
Sen.  Ex.  Doc.  No.  41,  52d  Cong.,  Ist  sess.,  pt.  1,  pp.  151-154. 

Holmes,  J.  Gabnbtt.  Soil  survey  of  the  San  Luis  Valley,  Colorado.  Field  Opera- 
tions Bur.  Soils,  U.  S.  Dept.  Agr.,  1903,  pp.  1099-1119. 

Maxwell,  J.  P.    Ann.  Rept.  Colorado  State  Engineer,  1889-90,  pp.  42  and  43. 

Nbwell,  F.  H.    Eleventh  Census,  volume  on  Agriculture  by  irrigation,  pp.  98^100 

GEOGRAPHT. 
LOCATION  AND  CHABACTBR. 

The  San  Luis  Valley,  having  an  area  comparable  to  the  State  of 
Connecticut,  lies  in  the  south-central  part  of  Colorado  (fig.  1),  with  a 


Fkhtex  1.— OatUne  map  of  Colorado,  showing  location  of  San  Lais  Valley. 

narrowed  southern  end  reaching  into  New  Mexico  about  16  miles. 
The  whole  length  of  the  valley  from  north  to  south  is  about  160  miles 
and  its  greatest  width  about  60  miles.  The  San  Luis  Hills,  a  series 
of  basalt-capped  table-topped  mountains  extending  from  Antonito  in 
the  direction  of  Fort  Garland,  separate  the  valley  into  two  portions. 
It  is  with  the  northern  part,  containing  the  artesian  basin,  that  we 
have  to  do.  This  portion  of  the  valley  is  limited  on  the  east  by  the 
majestic  Sangre  de  Cristo  Range,  on  the  west  by  the  Sawatchand 
Conejos  ranges,  and  on  the  south  by  the  San  Luis  Hills. 
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TOPOaBAFHY. 

The  accompanying  topographic  map  is  based  on  Hayden's  geologic 
and  topographic  atlas  of  Colorado  for  the  mountainous  region,  with 
the  addition  of  certain  details  near  the  margin  of  the  yaUey,  but  the 
valley  portion  is  compiled  by  the  writer  from  sketches  in  the  field, 
aneroid  readings,  and  the  various  railway  and  ditch  profiles.  A 
study  of  the  map  will  give  a  very  clear  notion  of  the  topography. 
The  salient  features  are  the  bold  Sangre  de  Cristo  Range  and  the  less 
abrupt  Culebra  Range  on  the  east,  the  gentler  eastward-sloping 
Sawatch  and  Conejos  ranges  on  the  west,  the  flat-topped  San  Luis 
Hills  on  the  south,  and  the  almost  flat  surface  of  the  valley  itself. 
As  the  map  shows,  the  trough  of  the  valley  Ues  far  east  of  the  median 
axis — close  imder  the  Sangre  de  Cristo,  in  fact.  From  the  trough  the 
country  rises  to  the  foothills,  more  steeply  eastward,  very  gently 
westward,  at  first  not  more  than  3  to  6  feet  to  the  mile,  but  gradually 
increasing  imtil  near  the  foothills  the  rise  is  quite  perceptible  to  the 
eye.  The  extreme  flatness  of  the  valley  is  shown  by  the  great  dis- 
tances for  which  the  canals  are  constructed  along  straight  lines.  The 
Prairie  ditch  and  the  laterals  of  the  Farmer's  Union  canal  and  the  Del 
Norte  canal  run  from  10  to  26  miles  on  straight  east  and  west  lines, 
with  branches  north  and  south  at  right  angles. 

So  nearly  level  is  the  valley  floor  that  its  essential  character  entirely 
escapes  one  traveling  over  it,  and  it  is  only  when  brought  out  by  a 
topographic  map  that  it  becomes  clear.  In  such  a  map,  however, 
the  alluvial-fan  structure  of  the  valley  floor  is  strikingly  manifest. 
Each  stream  descending  from  the  steeper  slopes  of  the  mountains  to 
the  valley  has  deposited  its  spreading  fan  of  gravel  and  sand.  Around 
the  west  and  south  sides  of  Blanca  Peak  (as  shown  in  PI.  11,  J.)  these 
alluvial  fans  are  especially  prominent.  They  are  so  close  together 
that  they  coalesce  along  their  lateral  margins  to  form  a  steep,  gravelly 
alluvial  slope  skirting  the  foot  of  the  mountain.  The  streams  coming 
down  from  the  west  range,  having  a  much  lower  gradient,  can  carry 
neither  such  heavy  material  nor  so  much  of  it,  and  as  a  consequence 
have  built  up  much  flatter  fans,  though  the  form  of  the  fans  is  no 
doubt  chiefly  due  to  the  fact  that,  except  for  the  surface  veneer  of 
gravel  and  sand,  they  were  deposited  in  water,  as  shown  by  the  con- 
tinuity of  the  clay  and  sand  beds  of  the  Alamosa  formation.  How- 
ever, La  Jara,  Alamosa,  and  Cat  creeks  have  built  up  pronounced 
fan  deltas.  But  the  map  shows  at  a  glance  that  the  Rio  Grande  has 
built  the  most  extensive  fan  of  all  and,  for  the  reason  given  above,  the 
flattest.  It  is  also  clear  that  the  trough  of  the  valley  lies  so  i^ar  to  the 
east  because  the  encroaching  fan  has  pushed  it  there,  and  .^hat  the 
sluggish  character  of  San  Luis  Creek  has  resulted  from  the. filling  in 
'^^  its  lower  course  by  the  same  agency.  Conejos  River  has  built  a 
^  fan  partly  confined  between  the  Mogotes  Mountains  and  the 
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San  Luis  Hills,  and  partly  extending  south  of  the  San  Luis  Hills  into 
New  Mexico,  and  must  have  discharged  or  at  least  sent  distributaries 
at  times  to  the  south  of  the  San  Luis  Hills.  Saguache  Creek  has 
likewise  a  fan  delta,  but  one  rather  poorly  developed.  San  Luis 
Creek,  taking  its  source  in  Poncha  Pass  not  much  above  the  level  of 
the  valley  itself,  naturally  could  develop  no  fan. 

The  streams  in  the  valley  proper  have  cut  their  valleys  to  various 
depths,  but  all  are  shallow.  The  bank  of  the  Rio  Grande  at  Monte 
Vista,  where  the  oldest  terrace  comes  to  the  river,  is  20  or  30  feet  high. 
At  Alamosa  the  bank  is  from  8  to  12  feet  high.  The  other  streams 
have  banks  varying  from  a  few  inches  to  4  or  5  feet  high. 

At  different  places  in  the  valley  there  are  bluffs  which  are  not  now 
adjacent  to  streams  but  which  represent  the  margins  of  abandoned 
courses  of  the  streams  in  their  wanderings  over  the  alluvial  fans  and 
slopes  after  the  emptying  of  the  lake  which  filled  the  valley  during 
the  deposition  of  the  Alamosa  formation.  Most  of  these  are  shown 
on  the  map.  One  passes  through  Sanford,  two  are  near  Henry  sta- 
tion, and  one  northwest  of  Hooper.  They  vary  in  height,  but  are 
mostly  not  far  from  10  feet. 

Stretching  from  Washington  Springs  south  to  the  mouth  of  Trin- 
chera  Creek  is  a  bluff  bank  which  culminates  opposite  the  Hansen 
ranch  and  has  for  that  reason  been  called  the  Hansen  Bluff.  It  here 
reaches  a  height  above  the  Rio  Grande  of  60  feet,  as  shown  in  Plate 
VII,  B,  The  level  country  stretching  away  eastward  from  its  top 
represents  the  level  of  the  valley  bottom  at  the  time  when  the  water 
cut  down  the  divide  in  the  San  Luis  Hills  and  began  to  drain  the 
lake  that  originally  occupied  the  center  of  the  valley.  The  original 
course  of  the  river  was  probably  somewhat  west  of  its  present  course, 
but  the  alluvial  fans  of  the  streams  on  the  west  side  of  the  valley 
have  continually  pushed  it  eastward  and  caused  it  to  undercut  the 
bluff. 

The  following  elevations  have  been  compiled  from  various  sources, 
railway  levels,  ditch  levels,  and  aneroid  readings: 


Elevation  of  points  in  San  Luis  Valley. 


Feet. 

Alamosa 7,536 

Alder 8,525 

Antonito 7, 878 

Baldy 7,609 

Blanca 8,405 

BlancaPeak « 14, 390 

BowenS.  H 7,660 

Carnero 7,700 

Capulin 7,800 

Center 7,630 

Oreede 8,842 


Feet. 

Crestone 7,851 

Davenport 8, 158 

Del  Norte 7,870 

Dune 7,538 

Freedom   P.    O. 

(Morgan) 7,630 

GamettP.  O 7,598 

Garland 7,926 

Granger 8,040 

Hayes 7,527 


Feet. 

Henry 7,548 

Hooper 7,555 

Hot  Springs 7,746 

Hunt  Springs 7, 670 

La  Garita  P.O....  7, 900 
La     Garita     ranch 

house 7,630 

La  Garita  station . .  7, 540 

LaJara 7,599 

La  Veta  Pass 9, 232 

LockettP.  O 7,575 


Haywood 7,746 

"This  Is  the  elevation  given  In  Gannett's  "Dictionary  of  altitudes"  (Bull.  U.  8.  Oeol.  Survey  No. 
274, 1906,  p.  141).  The  elevation  given  on  the  map  (14,490±)  was  determined  by  the  llayden  Survey; 
tianoett's  figuro  was  recalculated  Irom  that. 
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Elevation  of  points  in  San  Luis  Valley — Continued. 


McGinty 

Mclntyre  Springs. . 
Meadow      ranch 

house 

MirageP.O 

Mirage  station 

Moffatt 

Monte  Vista 

Mortimer 

Moeca 

Orient  mine 

Orient  station 

Parma 


Feet 
7,660 
7,642 
7,620 

7,670 
7,670 
7,607 
7,568 
7,666 
8,094 
7,661 
8,760 
8,669 
7,606 


Feet 

PonchaPass 9,038 

Romeo 7,726 

Round  Hill 8,666 

Russell  Springs 7, 640 

Saguache 7,710 

Sanfoid 7,600 

SangredeCristo...  8,390 

San  Isabel  P.O....  7,660 

San  Luis  Lakes 7, 620 

Santa    Fe    branch 

(at  state  line)....  8,029 

Soldiers'  Home ....  7, 630 
South  Farm  ranch 

house 7, 630 

DRAINAaE. 


Feet 

South  Fork 8,178 

Swede  Comers 7,630 

Valley  View  Springs  8,390 

Veterans.  H 7,600 

Villa  Grove 7,951 

Wagon  Creek  Junc- 
tion   8,261 

Wagon  Whee(  Gap.  8, 439 
Warner  (or  Forbes) 

S.H 7,690 

Washington  Springs  7, 634 

Willis 7,676 

Zapato 7,715 


The  Rio  Grande  enters  from  the  middle  of  the  west  side,  pursues 
a  southeasterly  course  to  the  San  Luis  Hills,  and  leaves  through  a 
defile  in  them.  A  number  of  tributary  streams,  notably  Conejos 
River  and  La  Jara,  Alamosa,  and  Saguache  creeks,  flow  down  from 
the  Conejos  and  Sawatch  ranges,  whose  more  gentle  slopes  give  room 
for  extensive  drainage  areas.  Arms  of  the  valley  extend  for  some 
distance  up  the  courses  of  the  Conejos,  the  Rio  Grande,  and  the 
Saguache,  while  a  long,  narrow  arm,  extending  northward  to  Poncha 
Pass,  the  upper  end  being  known  as  Roman's  Park,  is  drained  by 
San  Luis  Creek.  The  surface  configuration  of  the  valley  is  such  that 
this  creek  should  receive  all  the  water  entering  the  valley  on  either 
side,  north  of  the  Rio  Grande,  but  as  a  matter  of  fact  most  of  the 
drainage,  especially  that  of  the  eastern  range,  is  lost  by  seepage 
before  it  reaches  the  creek,  or  reaches  it  only  in  flood  season.  The 
creek  itself  in  its  lower  course  develops  a  series  of  wet-weather  ponds 
and  finally  flows  into  the  San  Luis  Lakes.  The  old  overflow  drainage 
course  to  the  Rio  Grande  still  exists  but  has  been  so  blocked  and  con- 
cealed by  incipient  sand  dunes  as  to  be  very  difficult  to  trace  except 
in  its  general  features. 

HYDBOGBAPHY. 

STREAM  G AGINGS. 

A  gaging  station  has  been  maintained  for  many  years  at  Del  Norte, 
where  the  Rio  Grande  enters  the  San  Luis  Valley,  and  above  the 
head-gate  of  the  uppermost  of  the  valley  irrigation  systems.  Another 
one  was  maintained  for  a  long  period  at  Embudo,  N.  Mex.,  at  the 
lower  end  of  Embudo  Canyon,  into  which  the  river  flows  just  before 
crossing  the  Colorado-New  Mexico  line.    From  1899  until  1904  a  sta- 
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tion  was  also  maintamed  at  State  Bridge,  at  the  upper  end  of  Embudo 
Canyon.  This  station,  situated  but  a  few  miles  below  the  cultivated 
area  of  the  valley,  was  of  great  importance  in  determining  the  volume 
of  water  left  in  the  river  after  the  valley  irrigation,  and  the  discon- 
tinuance of  this  and  the  Embudo  station  is  much  to  be  regretted. 
Tables  showing  the  monthly  discharge  at  these  stations  and  of  Conejos 
River  at  Los  Mogotes  are  subjoined. 

DiMtharge  of  Rio  Grande  at  Del  NorU,  1889-1905. 
[Drainage  area,  1,400  square  miles.] 


Month. 


January 

Febmarr.. 
March. 

tC.:::::. 

June 

July 

August 

September. 
Oetober.... 
Norember. , 
December.. 


Mean.... 
Acre-feet,  total. 


1880. 


Sic.-ft. 


>278 
319 
281 


302 


1800. 


See.-ft. 

«5S3 

«796 

487 

013 

4,331 

3,807 

1,615 

612 

383 

470 

478 

•  565 


1801. 


See.-fl. 

«900 

« 1,204 

1,280 

« 1,410 

3,286 

4,146 

1,683 

663 

527 

844 

374 

»325 


1882.    I    1883. 


8ee.-fl. 

»300 

»300 

316 

1,047 

2,006 

2,187 

740 

444 

263 

250 

360 

•  922 


8ec.-fi, 

«966 

•,ft700 

0,^500 

533 

1,044 

1,740 

305 

324 

270 

263 

278 

a642 


»714 


1884. 


8ec.-fl. 

«1,003 

a005 

•  831 

600 

1,708 

802 

202 

300 

286 

289 

236 


8ee.-ft. 

•  801 

•  953 
638 

•  1,883 
2,116 
2,209 

958 
720 
454 
435 
353 

•  1,008 


1886. 

1887. 

aee.-ft. 

8ec.-ft, 

•  1,293 

•*1,000 

•  1,258 

•^1,000 

•  1,081 

•61,000 

1,484 

1,067 

2,874 

3,537 

821 

3,301 

403 

1,108 

261 

476 

477 

631 

468 

1,472 

310 

665 

376 

•*800 

•  884 

1,346 

641.017 

945,418 

1808. 


•,*  1,877 

•,* 1,472 

•,  ft  1,471 

•  1,912 

2,722 

4,390 

1,643 

600 

810 

250 

•  816 

•,M,300 


•  1,517 
1,084,950 


Month. 


January 

Febrmuy. . . 
March 

i5^::::::: 

June 

July 

August 

September.. 
October.... 
November.. 
December.. 


Mean.. 


Sec-fl. 

•  1,308 

•  1,113 

•  875 
617 

1,378 
1,091 
708 
598 
366 
492 
490 

•  742 


814 


1900. 


8ec.-ft. 

•  862 
•  1,005 

419 
2,854 
2,691 
647 
231 
256 
343 
253 

•  765 


1901. 


800 
900 
500 
710 
2,570 
1,782 
504 
464 
446 
262 


806 


Acre-feet, total.  589,298  641,017  583,271  315,790  920,561   553,019  957,738 


1902. 


8ee.-ft 
381 
412 
438 
638 
1,160 
618 
152 
180 
206 
242 
249 
547 


436 


1903. 


Sec.-ft. 

895 

938 

755 

748 

2,829 

5,189 

1,665 

526 

515 

349 

390 

494 


1,274 


1904. 


Sec.-ft. 
895 
938 
755 
652 
1,158 
716 
336 
689 
602 
1,449 
390 
494 


764 


1906. 


8ec.-ft. 


765 

760 

3,411 

6,090 

1,091 

578 

876 

430 

390 

494 


1,351 


Mean. 


8ec.-ft. 
895 
938 
765 
968 
2,505 
2,605 
864 
474 
404 
506 
390 
494 


Eaulv- 
alent 

in  acre- 
feet. 


65,031 
52.094 
46,423 
57,600 
154,026 
155,006 
53,125 
29,145 
24,040 
31.113 
23,206 
30,375 


711,186 


Mean  run-off.  e 


Sec- 
ond- 
feet 
per 
square 
mile. 


Depth 

in 
Inches. 


0.639 
.670 
.539 
.601 
1.70 
1.86 
.617 
.339 
.289 
.361 
.279 
.353 


.702 


0.737 

.606 

.621 

.771 

2.06 

2.06 

.ni 

.391 
.322 
.416 
.311 
.407 


9.525 


•  Probably  too  high  because  of  ice  pilhig  up  along  the  sides  of  the  stream  and  thus  narrowing  the  channel. 
It  Is  not  likely  that  the  winter  flow  is  ever  more  than  600  seoood-feet.  The  totals  are  carried  out,  however, 
as  though  the  observations  gave  a  correct  idea  of  the  discharge. 

b  Approximate. 


ne  run-off  given  is  for  average  months  and  the  totals  for  an  average  year  as  calculated  from  all  obser- 
vations and  estunates. 
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Discharge  of  Rio  Grande  at  StaU  Bridge,  1899-1905, 
(Drainage  area,  7,695  square  miles.] 


Month. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


Mean 

Acre-feet,  total. 


See.-ft. 


42 
53 
102 
117 
250 
318 


148 


54,069 


See.-ft. 
638 
750 
583 
350 
1,430 
1,424 
29 
22 
31 
37 
155 
571 


502 


1901. 


See.-fl. 

504 

581 

365 

278 

1,680 

1,032 

82 

60 

50 

54 

72 


1902. 


See.-fL 
521 
758 
549 
315 
490 
114 
22 
17 
26 
32 
30 
37 


432  I   243 


362,304  ,312,513   173,518 

I  I  i 


1903. 


See.'/t. 

25 

25 

34 

314 

2,012 

6,375 

1,178 

47 

90 

64 

213 

302 


890 


Sec.'ft. 

306 

417 

123 

153 
21.5 
20.3 
17.5 

140 

196 
1,590 

416 

867 


1905. 


356 


Sec.4t. 

970 
1,195 

870 

744 
6,494 
8,531 

258 

154 
62.6 
08.3 

216 

516 


1,676 


642,607  |259,200   1,210.000 


Mean. 


Sec.-ft. 

509 

622 

421 

350 
2,021 
2,916 

233 
70.4 
79.7 

284 

194 

421 


a  678 


Eauiv- 
alent 
in  acre- 
feet 


297  0.066 


489,160 


Mean  run-off. 


Sec- 
ond- 
feet 
per 
square 
mile. 


.061 

.055 

.047 

.263 

.379 

.030 

.0091 

.010 

.037 

.025 

.055 


.071 


Depth 

in 
inches 


0.076 
.0»4 
.063 
.052 
.303 
.423 
.035 
.010 
.011 
.043 
.028 
.063 


a  The  mean  obtained  is  the  mean  of  the  monthly  means  for  the  entire  period. 
Discharge  of  Rio  Grande  at  Embudo,  N.  Mex.,  1889-189S  and  J 895-1 90S. 
[Drainage  area,  10,090  square  miles.] 


1.19 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September.... 

October 

November 

December 

Mean... 

Acre-feet,  total 


Sec.-ft. 

431 

473 

784 

2,261 

3,430 

2,922 

471 

206 

212 

283 

366 

542 


1,032 


1890. 


See.-ft. 

437 

553 

682 

2,063 

4,960 

4,107 

1,503 

814 

545 

562 

616 

648 


1,467 


1891. 


See.-ft. 

586 

616 

917 

2,370 

5,965 

5,040 

2,356 

933 

460 

1,681 

778 

553 


1892. 


See.-ft. 

497 

506 

1,051 

2,979 

4,890 

3,146 

538 

191 

152 

202 

317 

324 


1.855  ' 


1.240 


1803. 


See.-ft. 

332 

415 

501 

1,436 

3.119 

2,533 

226 

230 

287 

363 

330 

320 


1896. 


See.-ft. 

See.^. 

475 

532 

503 

551 

750 

957 

2,541 

1,797 

2.679 

1,598 

3,021 

367 

1,335 

299 

1,080 

249 

636 

228 

494 

349 

611 

395 

534 

414  1 

1897. 


Secfi. 

304 

406 

561 

1,606 

5,443 

4,621 

1,274 

338 

344 

1,538 

1,138 

551 


841 


1.222 


645  I 


1,497 


747,070   1,064,377  11,348,217  I    899.730  ,    008,996  ,    885,279 


467,960  1  1,107,818 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Mean 

Acre-feet,  total 


Sec.-ft. 

488 

471 

605 

2.240 

2,149 

3.480 

2,  .566 

478 

.3.38 

283 

357 

339 


1900. 


1901. 


Sec.-ft. 

470 

481 

761 

1,090 

249 
297 
230 
309 
350 

!m 

478 


rc.-ft. 

Sec.-ft. 

.508 

341 

521 

4(iO 

581 

518 

513 

628 

2.323 

3,461 

2,814 

1,714 

289 

398 

179 

451 

2,50 

.3.59 

248 

.331 

327 

359 

363 

423 

1902. 


Sec.-ft. 
4.30 
4<V2 
.532 
661 
798 
440 
158  i 
246 
228 
231 
231 
264 


1903. 


Sec.-ft. 

317 

375 

788 

987 

2,574 

8.974 

1,506 

334 

348 

,3-23 

434 

283 


1,157 


518 


743 


787 


8.38,166  1    375,138  1    537,381  I    572,153 


390  I        1.437 
282,032   1,036,600 


Mean. 


See.-ft. 

446 

492 

720 

1,663 

3,168 

3.102 

950 

426 

336 

517 

485 

431 


1.061 


Equiva- 
lent in 
acre-feet 


27,423 
27,324 
44,271 
98.955 
194,793 
184,582 
58,413 
26,194 
19,993 
31,780 
28,860 
26,501 


760,096 
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Discharge  of  Conejos  River  near  Los  MogoUs^  1899-1905, 
(Drainage  area,  282  square  miles.] 


Month. 

1809. 

1900. 

1901. 
8ec.-ft. 

1902. 

1903. 

1904. 

1906. 

March 

Sec^L 

"^^ 

8ee.-/L 

aee.-fL 

Stt.-ft. 

8te.-ft. 

April 

»436 
1,291 
2,323 
645 
173 
157 
138 

283 
509 
320 
76 
S16 
233 
515 

297 

mE^ 

"i^ 

1,544 

juSv;:::::::::::::::::::::::: 

2,226 

July 

628 

Aofust 

•  76 

/33 

213 

Septembiv' 

87.4 

October 

71.5 

No?«nber 

^70 

Meu 

73 

433 

Acre  feet,  total 

::::::::::i:::::::::"::::::::: 

a  March  28. 
»  April  17-30. 


cMay  U. 
'June  23. 


<  August  25. 
/  August  17. 


9  November  28. 


BELATION  OF  SAN  LUIS  VALLEY  IRRIGATION  TO  THE  VOLUME  OF  THE 
RIO   GRANDE    IN   NEW   MEXICO. 

At  this  point  it  may  not  be  amiss  to  call  attention  to  some  facts 
bearing  on  the  interstate  relations  of  irrigation  in  the  Saa  Luis  Val- 
ley. Agriculture  and  irrigation  spread  up  the  Rio  Grande  valley 
from  Mexico  and  Texas,  through  New  Mexico  to  the  San  Luis  Valley 
in  Colorado.  With  the  rapid  expansion  of  irrigation  in  the  San  Luis 
Valley  the  water  of  the  Rio  Grande  was  largely  withdrawn  in  Col- 
orado, to  the  alleged  great  detriment  of  agriculture  on  the  lower 
course  of  the  river.  The  question  of  prior  rights  to  the  use  of  the 
water  became  a  subject  for  interstate  and  international  discussion. 
Major  Powell  in  1890,  testifying  before  the  Senate  Special  Committee 
on  Irrigation  and  Reclamation  of  Arid  Lands,*  said: 

PaaBing  into  New  Mexico,  then,  the  water  that  practically  heads  in  the  high  moun- 
tains  of  Colorado  is  largely,  almost  wholly,  cut  off  from  the  Rio  Grande,  so  that  no  por- 
tion of  the  water  that  heads  in  these  mountains  where  there  is  great  precipitation  will 
cross  the  line  into  New  Mexico  (in  the  dry  season)  *  ♦  ♦.  In  a  dry  season  nothing 
can  be  raised  in  the  lower  region  and  sometimes  dry  seasons  come  two  or  three  together. 

Nevertheless,  Major  Powell  argued  that  it  is  advantageous  that  the 
water  in  a  stream  be  used  for  irrigation  as  near  to  its  source  as  possi- 
ble, since  there  the  duty  of  water  is  greatest  and  the  loss  from  evapo- 
ration and  seepage  is  least. 

In  the  valley  of  the  Rio  Grande  the  greater  portion  of  the  water  during  the  season  of 
irrigation  is  lost  in  the  sands,  as  in  the  valley  of  the  Arkansas.  If  the  water  of  the  Rio 
Grande  is  compelled  to  flow  across  the  line  from  Colorado  into  New  Mexico,  it  will 
destroy  from  1,000,000  to  1,500,000  acres  of  agriculture  above  in  order  to  save  200,000 
or  300,000  acres  in  the  valley  below. 

Major  Powell  urged  that  the  tributaries  of  the  Rio  Grande  below  the 
Colorado-New  Mexico  line  would,  if  the  water  were  conserved,  fur- 

aRept.  Special  Committee  of  the  U.  S.  Senate  on  Irrigation  and  Reclamation  of  Arid  Lands,  vol.  4,  pp. 
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nish  a  sufficient  flow  to  maintain  the  irrigation  of  that  section  as  then 
developed.  He  pointed  out  that  "when  the  river  emerges  into  the 
valley  at  the  foot  of  Smbudo  Canyon  it  is  a  fine  stream  and  must 
always  he  so  whatever  water  is  taken,  out  in  Colorado  ahove ' '  (italics  mine) . 
That  this  somewhat  startUng  and  paradoxical  statement  is  borne  out 
by  the  facts  is  indicated  in  the  following  paragraphs,  where  the  expla- 
nation is  suggested. 

The  table  on  page  20,  giving  the  comparative  acreage  irrigated 
from  the  Rio  Grande  and  its  tributaries  in  1889  and  1899  shows,  an 
increase  in  that  period  of  over  100  per  cent,  yet  the  discharge  of  the 
Rio  Grande  at  Embudo  (table,  p.  14)  shows  no  corresponding  sys- 
tematic diminution  during  the  irrigation  months,  notwithstanding 
that  the  water  is  almost  wholly  removed  from  the  river  in  its  course 
through  the  valley,  as  shown  by  the  gage  at  State  Bridge.  The  fol- 
lowing table  of  the  comparative  discharge  at  Del  Norte,  State  Bridge, 
and  Embudo  for  1900  to  1903,  inclusive,  the  period  for  which  we  have 
data  from  all  three  points,  brings  out  the  fact  clearly: 

Comparativt  discharge^  in  secand-feety  of  the  Rio  Grande  at  Del  Norte,  State  Bridge,  and 

Embudo,  1900-190S. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total  acre-feet 


1900. 

' 

1901. 

Del  Norte. 

State 
Bridge. 

Embudo. 

Del  Norte. 

SUte 
Bridge. 

862 

638 

506 

800 

504 

1,005 

759 

521 

900 

581 

399 

583 

581 

500 

365 

419 

350 

513 

710 

278 

2,854 

»1,430 

2.323 

2,570 

1,880 

2,961 

M,424 

2,814 

1,782 

1,032 

547 

29 

289 

594 

82 

231 

22 

179 

464 

00 

256 

31 

250 

446 

50 

343 

31 

248 

262 

54 

2S3 

155 

327 

283 

72 

755 

571 

363 

366 

337 

641,017 

362,304 

537,381 

583,271 

312,518 

Embado. 


3,461 
1,714 


572,153 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total  acre-feet 


1902. 

1903. 

Del  Norte. 

State 
Bridge. 

Embudo. 

Del  Norte. 

StMe 
Bridge. 

25 

25 

34 

314 

^012 

6,376 

1,178 

47 

90 

64 

213 

302 

Embudo. 

381 

521 

758 

549 

315 

490 

114 

22 

17 

26 

32 

30 

37 

430 
462 
532 
661 
790 
440 
158 
246 
228 
231 
231 
264 

317 

412 

375 

4.'i8 

788 

638 
1,169 
618 
152 
180 
206 
242 
249 

748 

2,829 

5,189 

1,655 

526 

515 

349 

987 

2.574 

•8.974 

1,506 

384 

348 

82S 

434 

547 

283 

315,790 

173,518 

282,032 

920,561  1        642,607 

1,038,600 
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Comparison   of  the  measurements   at  Del   Norte  with   tliose  at 
Embudo  for  the  whole  period  from  1890  to  1903,  inclusive,  shows 
further  that  the  river  as  it  is  discharged  from  the  canyon  is  very 
nearly  of  the  size  that  it  is  at  Del  Norte.     That  is  to  say,  during  the 
season  of  low  water  there  is  added  to  the  river  in  tlie  course  of  its 
passage  through  the  canyon  a  volume  nearly  equal  to  that  of  the 
river  at  Del  Norte.     Examination  of  the  topography  of  the  country 
shows  that  no  tributaries  of  any  consequence  come  into  the  canyon 
from  the  west  and  from  the  east,  but  six  small  creeks  flow  into  it, 
namely,  Costillo,  Colorado,  San  Cristobal,  Los  Montes,  and  Pueblo 
creeks  and  Arroyo  Hondo.     These  are  all  short,  with  high  gradients, 
and  head  in  the  range  just  east.     Even  in  flood  they  carry  no  such 
voliune  of  water  as  the  Rio  Grande  at  low  stage;  but  the  season 
alluded  to  was  that  of  low  water,  and  during  such  times  all  the  water 
in  these  creeks  is  practically  exhausted  in  irrigating  the  bottoms 
adjacent  to  them.     The  increment  to  the  river  in  the  Einbudo  Can- 
yon must  be  explained  in  some  other  way.     A.  L.  Fellows,  formerly 
United  States  hydrographer  in  charge  of  work  in  Colorado  and  New 
Mexico,  has  noted  the  occurrence  of  large  springs  in  the  canyon 
above  Embudo  station  and  has  suggested  that  the  San  Luis  arte- 
sian  basin   finds  an  outlet  in  this  way.     No  description  of   these 
springs  is  extant,  and  their  location,  size,  and  number  are  unknown. 
The  strata  which  go  to  make  up  the  Conejos  Mountains  and  the  San 
Luis  Hills  form  an  alternating  series  of  gravel  beds  and  lava  flows,  as 
will  be  shown  more  in  detail  on  a  later  page.     At  the  south  rim  of  the 
valley,  where  the  water-bearing  beds  of  the  valley  abut  against  the 
San  Luis  Hills,  a  great  many  springs  come  up  along  the  contact,  among 
them  the  Mclntire  Springs  (PL  XIII,  B)  with  a  flow  of  over  20  cubic 
feet  per  second.     It  is  reasonable  to  suppose  that  other  water-bearing 
beds  in  contact  with  the  interstratified   gravel  beds  of   the  older 
formation  will  communicate  their  water  to  those  gravel  beds  and  that 
the  Rio  Grande  itself  may  do  likewise,  and  that  this  water  may  be 
poured  into   the  canyon  at  different  points  above  Embudo.     The 
increment  thus  gained  is  apparently  not  less  than  150  second-feet  and 
possibly  is  considerably  more,  the  exact  amount  being  difficult  to 
determine  owing  to  irregularities  in  the  record.     For  instance,  in  the 
winter  months  the  record  occasionally  shows  more  water  at  State 
Bridge  than  at  Embudo,  which  naturally  seems  impossible,  there 
being  no  known  source  of  loss  between  the  two  stations.     The  error 
probably  arises  from  encroaching  shore  ice,  which  causes  too  high 
gage  readings  at  State  Bridge,  where  the  channel  is  narrow. 

Experiments  have  shown  that  the  movement  of  water  underground 
in  sand  and  gravel  beds  is  very  slow,  usually  1  or  2  miles  per  annum, 
certainly  not  over  3  in  the  extreme  case.     This  being  so,  it  follows 
42120**— W8P  240—10 2 


Digitized  by  VjOOQ IC 


18  THE  SAN  LUIS  VALLEY,  COLORADO. 

that  the  supply  from  springs  in  the  canyon,  if  derived  from  the 
aquifers  in  the  San  Luis  basin,  is  practically  constant,  since  the 
amount  delivered  in  any  period  of  time  is  not  dependent  upon  the 
rainfall  during  the  same  period,  because  the  water  rising  in  the  springs 
has  been  percolating  slowly  underground  for  many  years  before  it 
reaches  the  surface.  Further,  the  principal  intake  of  the  artesian 
system  on  the  Rio  Grande  is  well  toward  the  edge  of  the  valley, 
between  Del  Norte  and  Monte  Vista,  above  the  head-gates  of  all  but 
one  of  the  main  canals,  and  as  this  canal  has  a  later  priority  than  one 
below  the  catchment  area,  it  follows  that  the  artesian  basin  has  the 
first  call  upon  the  flow  of  the  Rio  Grande  and  of  the  other  streams 
as  well.  That  this  supply  is  exacted  is  shown  by  the  fact  that 
there  is  no  annual  variation  in  the  head  of  the  wells  which  just  rcww^h 
the  surface  along  the  margin  of  the  area  of  flowing  wells.  These 
facts  bear  out  Powell  th  the  statement  quoted  at  the  beginning  of  this 
discussion  that  the  flow  of  the  Rio  Grande  below  the  Embudo  Canyon 
will  always  be  lai^ely  independent  of  the  flow  at  the  head  of  the 
canyon.  Thus  the  sands  and  gravels  of  the  San  Luis  Valley  act  as  a 
natural  reservoir  with  lasting  benefit  to  the  Rio  Grande  valley  below. 

RESERvom  srrEs. 

The  great  excess  of  water  wasted  during  the  flood  season  and  the 
frequent  lack  of  water  when  needed  have  turned  attention  to  the 
possibility  of  reservoirs  in  the  upper  courses  of  the  streams  to 
conserve  .the  flood  water  and  have  led  to  search  for  available  sites. 
Naturally  those  first  sought  are  the  ones  requiring  the  least  expendi- 
ture of  money  to  make  them  available.  The  head  branches  of  most 
of  the  larger  streams  emptying  into  the  valley  held  glaciers  of  various 
size  during  past  ages,  and  many  of  the  morainic  dams  and  terraces 
resulting  from  glacial  action  offer  tempting  sites  for  storage  reser- 
voirs. Such  formations  require  most  careful  testing,  because  from 
the  nature  of  their  material  they  will  not,  as  a  general  rule,  hold  water 
after  it  has  accumulated  in  volume  sufficient  to  cause  much  pressure. 
But  doubtless  there  are  numerous  sites  in  the  various  streams  that 
will  serve  admirably.  Such  are  reported  on  Alamosa  Creek  and  in 
the  upper  course  of  the  Rio  Grande.  One  of  those  on  the  Rio  Grande 
has  been  thoroughly  tested  by  the  company  operating  the  Rio  Grande 
and  Monte  Vista  canals,  and  a  reservoir  is  now  under  construction. 

The  high  gradient  and  the  small  drainage  areas  of  the  streams 
coming  down  from  the  Sangre  de  Cristo  Range  preclude  the  establish- 
ment there  of  any  but  small  irrigation  systems.  On  the  other  hand, 
the  low  gradient  and  larger  drainage  areas  of  the  streams  entering 
from  the  we^t  side  of  the  valley  are  very  advantageous  to  large  sys- 
tems.    Toward  their  headwaters  these  streams  branch  out  and  their 
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vaUeys  take  on  the  rolling  character  of  glaciated  cirques  and  are 
heavily  covered  with  pine  and  spruce,  as  shown  in  the  typical  view 
of  upper  Rock  Creek  (PI.  II;  B),  The  timber,  by  checking  the  run- 
off in  time  of  heavy  rains  and  by  protecting  the  snow  from  rapid 
melting,  controls  the  discharge  of  the  streams  and  to  that  extent  does 
away  with  the  necessity  for  storage  reservoirs. 

In  accordance  with  a  recommendation  of  the  United  States  and 
Mexican  International  Boundary  Commission  in  1896,  the  Secretary  of 
State  requested  the  Secretary  of  the  Interior  to  withdraw  from  entry 
all  reservoir  sites  in  the  Rio  Grande  drainage  area  and  to  suspend 
action  on  all  applications  for  rights  of  way  for  canals  through  public 
lands.  Such  action  was  accordingly  taken  December  5,  1896. 
Recently,  upon  the  suggestion  of  the  United  States  Reclamation 
Service,  this  order  has  been  suspended  in  so  far  as  it  relates  to  bona 
fide  applications  made  under  the  state  law  prior  to  March,  1903, 
when  the  Reclamation  Service  took  up  the  Rio  Grande  project. 
From  that  date,  of  course,  the  project  has  the  priprity.  The  pro- 
posed reservoir  at  Engle,  N.  Mex.,  will  have  a  storage  capacity  of 
2,000,000  acre-feet,  irrigating  180,000  acres,  and  will  be  capable  of 
storing  all  the  flood  waters  of  the  Rio  Grande  from  year  to  year. 

IRRIGATION. 

Canals, — ^The  full  flows  of  all  the  streams  entering  the  valley  are 
appropriated  for  purposes  of  irrigation.  The  Rio  Grande  is  the  main 
source  of  supply.  The  following  table  shows  the  total  appropriations 
and  dates  of  the  main  priorities  of  the  principal  canals  and  ditches 
taking  water  from  that  stream,  as  decreed  by  the  courts  in  1900: 

Water  appropriated  for  principal  ditches  and  canals  from  the  Rio  Grande,  and  total  decreed 

appropriation. 


Prtority. 


Canal. 


1874  and  1879 Centennial  ditch 

1881  and  1891 Rio  Grande  ( Del  Norte)  canal. 

1882  and  1889 Monte  Vista  (Citizens')  canal. . 

1882  and  1890 Empire  canal 

1885 1  San  Lois  Valley  canal 

1886 Costilla  ditch 

1887 '  Prairie  ditch 

1887 Farmers'  Union  canal 


Total  for  principal  ditches  and  canals. . 
Total  appropriation  cfecreed  by  court  to  1900. 


Appropria- 
tion. 


Cubic  ffft. 

82.4 

905.  «i 

2.57.8 

mi.  5 

92.9 
103.3 
105.1 
138.8 

2,353.4 
3,022.59 


The  foregoing  table,  when  compared  with  the  table  giving  the 
average  monthly  flow  of  the  Rio  Grande  from  April  to  September, 
inclusive,  for  sixteen  years  (p.  20),  shows  that  the  waters  of  this 
stream  are  greatly  overappropriated,  even  in  the  flood  season. 
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Average  monthly  discharge  of  the  Rio  Grande  at  Del  Norte ^  1890-1905, 

Seoond-feet. 

April 968 

May 2,505 

June 2, 605 

July 864 

August 474 

September 404 

Acres  irrigated  from  the  Rio  Grande  and  tribtUaries,  <» 


County. 

1800. 

1880. 

Percent 
increase. 

Hinsdale 

1,339 

1,389 
2,640 
52,453 
21,797 
25,918 
46,273 

Mineral 

Saguache 

75,909 
71,325 
50,290 
96,486 

44.7 

Rio  Grande 

227.2 

Costilla 

94.0 

Conejos 

112.8 

299,960 

147,830 

102.9 

•  Census  Bulletin  177. 1902,  p.  14. 

This  acreage  is  confined  to  the  San  Luis  Valley,  except  perhaps 
10,000  acres  lying  on  the  upper  courses  of  the  river  or  its  tributaries. 

The  total  area  of  the  irrigated  land  in  same  region  for  1902  is  given 
by  the  Bureau  of  the  Census*  as  303,985  acres.  This  shows  no  mate- 
rial increase  over  1899.     Later  figures  are  not  available. 

Pumping  the  ^^suhJ^ — Between  Mosca  and  Hooper  is  a  region  in 
which  the  supply  of  ditch  water  for  several  years  has  been  inadequate, 
and  here  was  developed  the  scheme  of  installing  a  gasoline  pumping 
plant  and  pumping  from  the  underground  water  level  as  raised  and 
maintained  by  subirrigation.  No  change  in  the  application  of  the 
water  thus  gained  was  proposed.  It  was  to  be  used  in  subirrigating; 
that  is,  the  level  of  underground  water  was  to  be  raised  by  adding  to  it 
water  taken  from  it — another  statement  of  the  problem  of  raising 
one's  self  by  one's  boot  straps.  The  application  of  the  water  might 
be  changed  by  the  substitution  of  surface  irrigation  for  subirrigation 
methods,  thus  doing  away  with  the  necessity  of  keeping  up  the 
underground  water  level;  but  a  difficulty  appears  in  that  case.  The 
interesting  question  is  raised  as  to  the  right  of  one  person  to  lower 
the  water  level  when  his  neighbors,  in  the  customary  practice  of  irri- 
gation, are  under  the  necessity  of  keeping  it  up. 

Pumping  the  underflow. — Many  of  the  smaller  streams  on  either  side 
of  the  valley  run  out  into  the  valley  during  the  flood  season  but  during 
the  remainder  of  the  year,  except  for  short  intervals,  disappear 
beneath  the  gravel,  where  they  emerge  from  the  mountains  at  the 
upper  edge  of  the  alluvial  slope.     But  by  digging  down  a  few  feet  in 

oBulleUn  16,  IrrigaUou  in  the  United  States:  1902,  p.  55. 
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the  rocky  channels  of  such  streams  a  persistent  and  heavy  underflow 
is  encountered.  It  is  possible  by  installing  a  gasoline  pumping  outfit 
to  raise  this  underflow  and  irrigate  successfully  when  the  water  is  not 
running  in  the  streams.  One  such  pumping  outfit  has  been  in  suc- 
c^sful  op>eration  in  1903  and  1904  by  Mr.  K.  Eilinghoff  2  miles  east 
of  Chamberlain  Hot  Springs.  The  equipment  consisted  of  a  Si-horse- 
power gasoline  engine  and  a  2-inch  centrifugal  pump  with  a  normal 
discharge  of  125  gallons  per  minute.  The  water  was  taken  from  a 
well  16  feet  deep,  in  which  the  water  stood  within  7  feet  of  the  surface 
but  with  steady  pumping  sank  to  1 1  feet  from  the  surface,  where  it 
remained. 

The  cost  of  installing  such  an  outfit  is  nj>t  large,  and  the  cost  of  oper- 
ation for  the  short  time  it  would  ordinarily  be  in  use,  at  critical  periods 
in  the  growth  of  the  crop,  will  also  be  small,  so  that  there  seems  to  be 
a  genuine  need  for  such  plants,  particularly  in  the  northern  portion  of 


FiouBE  2.— Plan  of  pumping  plant,  showing  subterranean  gallery. 

the  valley  and  wherever  else  the  supply  of  ditcli  water  is  short  and  the 
underflow  sufficient. 

Where  the  underflow  may  not  bo  adequate  with  a  simple  well,  a  sub- 
terranean gallery  will  be  found  more  efficacious.  The  accompanying 
plan  (fig.  2)  of  the  city  pumping  plant  of  Castle  Rock,  Colo.,  may  be 
advantageously  copied  in  designing  outfits  of  this  sort. 

Canvas  flumes. — ^Along  the  west  slope  of  the  Sangre  de  Cristo  Range 
many  streams  afford  water  that  is  sufficient  to  irrigate  small  tracts 
but  in  the  irrigation  season  is  entirely  lost  in  passing  over  the  alluvial 
slope  at  the  foot  of  the  range.  A  plan  adopted  by  the  placer  miners 
of  Alaska,  and  used  in  irrigation  in  California,  might  possibly  be 
Worked  here  to  advantage.  At  some  places  in  Alaska  water  is  carried 
on  the  surface  of  the  ground  for  miles  in  a  flume  made  by  sewing 
together  the  two  sides  of  a  strip  of  cotton  duck  canvas,  making  a  long 
canvas  pipe.     Or  the  bottom  of  a  ditch  may  be  lined  with  such  canvas. 
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The  cloth  will  be  less  subject  to  damage  by  cattle  and  rodents,  how- 
ever, when  sewed  up  in  the  form  of  a  hollow  cylinder  and  filled  with 
water.  Such  a  flume  might  conceivably  last  for  several  irrigation 
seasons  of  a  couple  of  months  each.  A  subsurface  dam  across  the 
canyon  near  its  discharge  upon  the  alluvial  slope  would  help  by  bring- 
ing all  the  underflow  of  the  stream  to  the  surface  at  the  intake  of  the 
flume. 

CLIMATE. 

The  most  prominent  feature  of  the  climate  of  the  San  Luis  Valley 
is  the  prevalence  of  sunshine.  Records  are  not  at  hand  to  show  this 
fact  with  exactness,  but,  except  for  short  intervals  each  day  during 
the  brief  summer  showery  Season  and  other  rare  occasions,  sunshine 
prevails  throughout  the  year.  Taken  in  conjunction  with  the  dry, 
rarefied  atmosphere  at  this  altitude,  which  allows  a  large  amount  of 
the  sun's  heat  to  reach  the  earth^s  surface  and  permits  rapid  radiation 
therefrom,  this  sunniness  acts  to  relieve  the  worst  extremes  of  day- 
time temperature.  On  the  hottest  days  it  is  cool  in  the  shade,  and 
on  the  very  coldest  days  it  is  comfortable  in  the  sunshine. 

The  most  disagreeable  feature  of  the  cUmate  is  the  southwest  wind, 
which  occasionally  blows  steadily  for  several  days  at  a  time,  picking 
up  the  sand  and  driving  it  onward  with  the  force  of  a  sand  blast. 

The  following  tables  of  temperature  and  precipitation  are  based 
upon  observations  at  each  of  the  towns  named  for  the  period  indi- 
cated. The  value  of  such  observations  is  strictly  in  proportion  to 
the  interval  of  time  that  they  cover.  The  records  which  are  thus  of 
greatest  value  are  those  taken  at  San  Luis,  Saguache,  Gamett,  and 
especially  the  temperature  records  at  Fort  Garland,  though  those 
from  Monte  Vista  and  Wagon  Wheel  Gap  are  also  complete  enough 
to  be  of  interest.  The  data  included  in  these  tables  were  furnished 
by  the  United  States  Weather  Bureau,  and,  except  the  Fort  Garland 
observations,  through  Mr.  F.  H.  Brandenburg,  district  forecaster  at 
Denver,  Colo.  The  temperatures  in  the  tables,  as  elsewhere  in  this 
report,  are  expressed  in  degrees  Fahrenheit. 

The  observations  at  Fort  Garland,  covering  a  period  of  thirty  years, 
with  a  short  interruption  in  1864-1866  and  entirely  antedating  the 
other  observations  in  the  valley,  are  of  especial  interest  because  of 
their  length  and  the  opportunity  they  afford  for  comparison.  For 
the  period  1852-1858,  inclusive,  the  observations  were  made  at  Fort 
Massachusetts,  in  the  valley  of  Ute  Creek,  a  short  distance  above  the 
present  site  of  Fort  Garland,  where  the  military  post  was  removed  in 
1858. 
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Average  monthly  temperature  at  stations  in  San  Luis  Valley, 
[Decrees  Fahrenheit.] 


Jan. 

18.3 
13.5 
l&l 
22.1 

lai 

19.5 
1&2 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug.  1  Sept 

1 

Oct.    Nov. 

Dec. 

Twmof 
record. 

Saguache 

Garnelt 

23.6 
21.7 
2a8 
22.3 
26.2 
24.2 
22.8 

33.6 
31.2 
32.3 
34.8 
35.6 
33.3 
33.5 

43.4 
41.6 
41.6 
45.0 
41.8 
42.3 
41.3 

5L6 
49.2 
51.8 
52.3 
49.4 
60.5 
52.0 

63.8 
57.8 
69.1 
60.8 
58.0 
58.6 
62.0 

64.4 
61.3 
63.6 
64.2 
62.5 
63.1 
66.2 

62. 7  1  55. 7 
60.6  '  53.6 

45.4  !  33.0 
41.4     .10.0 

2a 

13.4 

17.9 

25.0 

18.6 

22.6 

21.2 

1886-1906 
1897-1905 

If oate  Vista 

LaJara. 

62. 5  1  55. 2  1  43. 8  ,  29. 7 
03.7     SK  5  .  47  fi  1  .^.2 

1886-1896 
1892-1897 

Coneios. 

62.6 
62.4 
63.7 

58.  8  1  45. 3     36. 2 
55.  8     45. 3  I  34. 0 
55. 2     44. 1  ;  3a  0 

1904-1906 

San  Lub 

Fort  Garland.... 

1801-1906 
1832-1883 

Average... 

l&O 

22.9 

33.2 

42.1 

51.3 

fiO.8 

64.3  ;  62.8 

55.5  1  44.6  ;  31.6 

2a 

Wagon  Wheel 
Gap 

12.9 

17.6 

26.8 

35.4 

42.2     50.4 

54. 5     54.  7 

! 

47. 9     38. 3     27. 1  !  12. 7 

t                        1 

1896-1906 

The  extremes  of  temperature  for  summer  and  winter  at  Saguache, 
Gamett,  and  San  Luis  are  included  in  the  next  table.  The  lowest 
figure  recorded  is  40°  below  zero  at  Gamett  in  December  and  the 
highest  figure  is  98°^  at  San  Luis  in  August.  The  observations  at 
Gamett  are  the  most  typical  of  the  valley,  as  the  station  lies  in  the 
full  sweep  of  the  valley  winds,  while  Saguache  and  San  Luis  are  pro- 
tected by  the  adjacent  foothills.  The  monthly  mean  temperatures 
for  the  winter  months  at  Gamett  range  from  1°  to  10°  lower 
than  at  Saguache  and  San  Luis,  and  the  range  of  the  extremes  is  still 
greater. 

Maximum  and  minimum  temperatures  at  Saguache,  Gamett,  and  San  Luis. 
[Degrees  Fahrenheit.] 


Month. 


Saguache: 

December. 

January... 

February. . 

June 

July 

August 

Oaraett: 

December. 

January... 

February. . 

June 


July. 

August 

San  Luis: 
December. 
January... 
February. . 

June 

July 

August 


Average. 


Highest. 


63 

59 

64 

92 

97  i 

94 

55 

52  I 
64  I 
89 
88 
92  ' 
I 
58  I 
57 
63 

95  i 


Lowest. 


-26 

-23 

-13 

28 

31 

35 

-40 

-30 

-33 

20 

29 

30 

-30 

-30 

-34 

23 

30 

32 


The  next  table  gives  the  average  monthly  precipitation  at  various 
points  in  the  valley  calculated  from  all  available  records.  The  figures 
for  the  precipitation  at  Fort  Garland  and  Wagon  Wheel  Gap  are 
added  for  the  sake  of  comparison,  though  they  have  been  excluded 
in  making  up  the  average  for  the  valley,  the  former  for  reasons  given 
later  and  the  latter  because  the  station  is  not  within  the  valley  proper. 
From  the  valley  average  it  will  be  seen  that  July  has  the  greatest 
precipitation,  with  occasional  showers  in  August  and  September. 
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Average  monthly  precipitation  at  stations  in  San  Luis  Valley. 
[Inches.] 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

0.89 
.72 
.81 

1.00 
.06 

1.23 

June.  July. !  Aug. 

Sept 

0.86 

.84 

.87 

.64 

3.53 

1.18 

Oct.  INov. 

i 

Pec. 

Termor 

Sa^ache 

Garaett 

0.26 
.08 
.24 
.11 
.78 
.49 

.29 

0.35 
.24 
.51 
.91 
.67 
.64 

0.21 
.23 
.32 
.13 
.20 
.89 

.42 

a62 

.25 
.85 
.15 
.00 
.95 

1.10    1.80 
.59     1.23 
.29     1.58 
.22  '  1.13 

1.00,    .94 
.67  I  2.26 

1.80 
1.35 
1.28 
1.04 
1.46 
1.27 

0.70 
.40 
.48 
.60 
.90 
.92 

0.28 
.25 
.22 
.30 
.00 
.36 

0.23 
.25 
.32 
.03 
.47 
.79 

1885-1906 
1891-1906 

Monte  Vista 

La  Jara 

1886-18W 
1892-18M 

Conejos 

1904-1906 

San  Luis 

1891-1906 

Average  for 
valley... 

.48 

.62 

.91 

T90~ 

1.03 

.65 

1.66 

1.19 

.97 

.66 

.28 

.40 

Fort  Garland.... 
Wagon   Wheel 
Gap 

.18 
.45 

.82 
.64 

.40 
.90 

.72 
.90 

.72 
.50 

1.93 
1.53 

1.78 
2.19 

1.31 
1.42 

.54 
1.09 

1.10 
.68 

.87 
.41 

18S2-1874 
189^-1906 

The  next  table  gives  the  yearly  precipitation  for  each  point  in  the 
valley  and  the  average  for  the  valley  itself  for  1887-1905,  inclusive, 
so  far  as  there  are  records,  except  for  Fort  Garland.  The  record  of 
Wagon  Wheel  Gap  is  added,  as  of  interest  from  its  position  in  the 
upper  drainage  basin  of  the  Rio  Grande.  The  mean  annual  precipi- 
tation for  the  valley  is  8.33  inches.  The  maximum  annufd  precipita- 
tion is  18.85  inches,  recorded  at  San  Luis  in  1891,  and  the  minimum 
is  2.88  inches,  given  for  Saguache  in  1896.  San  Luis  and  Wagon 
Wheel  Gap  have  the  highest  average  annual  precipitation,  as  is  to  be 
expected  from  their  geographic  position.  The  precipitation  on  the 
mountains  about  the  valley,  and  especially  high  up  in  the  Sangre  de 
Cristo  and  Culebra  ranges  east  of  the  valley,  is  doubtless  much  greater 
than  in  the  valley,  owing  to  the  fact  that  the  southwest  moisture- 
laden  winds  are  forced  to  ascend  to  colder  altitudes  in  crossing  over 
those  ranges,  with  local  precipitation  as  a  result. 

Average  annual  precipitation  at  stations  in  San  Luis  Valley. 
[Inches.] 


1887. 

loco 

1888. 
4.41 

1889. 

1890.      1801. 

1892. 

1893. 

1894. 

1806. 

18M. 

Saguache 

Gamett                        

7.05 

14.01 

ia37 

9.12 

9.44 

2.88 

4.87  ,    4.46 

7.47  1    a  84 

6.33 
6.22 
6.75 

3.50 

Monte  Vista 

8.48 

6.21 

5.01  1    6.48  1    9.17 

La  Jara 

7.15 

Conejos 

i 

San  Luis 

' 18.85 

11.04  1  10.87 

10.58 

16.76 

12.31 

Average  for  \  alley 

9.59 
1897. 

8.84 
6.25 

5.31 

1K9H. 

6.03       6.48  ,  14.01 

1 

7.79  ,    7.33 

7.47 

11.74 

6.33 

1899. 

; 
1900.  '  1901. 

1902. 

7.09 

8.18 

1903. 

.«H. 

1905. 

Aver- 

Sapuache 

Gamett                    

4.(J0 

5.96 
6.96 

I 
6.25  '    6.86 

, 

a  51 
5.18 

7.26 
9.51 

S.76 
7.08 

7.12 
<l.44 

Monte  Vista      

7.22 

La  Jara 

1 

7.78 

Conejos 

0.86 
9.66 

10.14" 

0.86 

San  Luis 

13.93 
9.07 

14.20 
8.95 
12.  2U 

10.  W     10.16     13.02 

7.45  1    6.08 

12.71 

7.57 

A veraK©  for  valley 

7.65 
12.25 

8.21  1    9.94 

6.22 

9.06 

7.00 

8.22 

Wagon  Wheel  (Jap 

7.  H3        ft.  73 

10.28    

14.60 

1281 
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As  explained  with  regard  to  the  table  of  average  monthly  tempera^ 
tares,  the  table  of  precipitation  that  follows  combines  the  observations 
at  Fort  Massachusetts  and  Fort  Garland.  The  figures  for  1870-1872, 
ioelusive,  are  regarded  by  the  United  States  Weather  Bureau  as  very 
questionable,  and  they  have  accordingly  been  excluded  in  making  the 
averages.  Aside  from  these  years  the  table  appears  to  be  fairly 
reliable,  and  is  of  much  interest  for  purposes  of  comparison. 

Precipitation  at  Fort  Garland,  1852-1863  and  1866-1874. 
(Inches.    Blanks  indicate  Incoinplete  records.] 


Year. 

Jan. 

Feb. 

Mar. 

APT. 

-.. 

June. 

July. 

Aug. '  Sept. 

1 

Oct. 
1.84 

Nov. 
6.34 

Dec. 

.\nnual. 

1852. 

1.45 

9.63 

1863 

0.22 

0.76 

O.M 

0.39. 

1.49 

3.93 
.98 
.00 
.75 

1.00 
.32 
.00 

1.01 
.24 
.22 

1.11 
.24 
.86 
.56 
.95 
.58 

1.32 
.72 

1.07 
.41 

1.07 

3.04 
2.14 
2.60 
2.19 

.72 
1.36 
2.72 
2.61 

.74 
1.26 

.07 

1.48 
2.61 

3.30 
3.98 

1.25 
1.53 
3.33 
1.55 
1.34 

10.68 

18S4 

.35 
.00 
.96 
1.19 
1.22 
.55 
.25 
.13 
.00 
.13 
.35 
.02 
.42 
.10 
1.30 
1.40 
.10 
.50 
1.23 

■5*27 
.79 

2.03 
.68 
.20 
.24 
.06 
.22 
.21 
.06 

2.30 
.38 
.55 
.67 
.15 
.20 
.04 
.01 
.14 
.24 
.13 

13.10 

W^ 

.00 
.16 
.80 
.54 
.00 
.20 
.08 
.24 

.67 
2.14 
.52 
.20 
.15 
.06 
.04 
.02 
.84 

1.47 
.35 
.20 
.08 
.27 
.53 
.87 
.16 
.06 

.41 
1.35 
1.51 
2.11 
.19 
.33 
.25 
.40 
.00 

16.97 

185<L 

13.87 

1857 

14.06 

1858. 

7.92 

18W 

I860 

4.75 
.77 
.30 

1.46 
.02 

.68 
.85 
.93 

1.78 
.03 
.79 
.26 

1.80 

2.53 
.90 

2.90 
.83 
.18 

2.05 

11.35 
6.62 

1861 

5.44 

18G2 

6.33 

1863 

2.89 

1866.       

1.35 

1867 

.06 
.16 
.65 
.65 
1.20 
2. 25 
.00 
.50 

.15 

"'.W 
1.06 
1.45 
2.75 
2.25 
2.80 

.12 
.12 
.28 
.85 
2.80 
3.65 
.00 
.50 

.89 

.21 

.01 
.01 

.77 
6.65 

.25 
7.75 
1.58 

.20 

.36 
7.19 
1.28 
7.30 
1.00 
10.30 

.80 
1.72 

.29 
3.26 
1.03 
7.50 
1.25 
5.C« 

.48 
1.12 

2.37 

1868 

.03 
.14 
.15 
7.10 
.00 
.01 
.25 

4.01 
3.00 
3.35 
1.75 
.00 
.20 
.50 

17.00 

18» 

1870« 

187U          

.36 
7.57 
2.45 
2.78 
1.75 

.15 

2.30 
.PO 
1.45 
6.25 
.00 
.08 

L3.42 
37.87 
25.00 

1872« 

42.34 

1873 

7.75 

1874 

11.10 

Average 

.18 

.82 

.40 

.72 

.90 

.72  1  1.93 

1.78 

1.31 

.54 

1.10 

.87 

611.27 

•  Record  unreliable. 

t  Average  annual  precipitation  excluding  1870-1872,  inclusive. 

AGRICUI^TUBE. 
ORDER   OF   SETTLEMENT. 

The  first  population  of  the  San  Luis  Valley  was  Mexican,  and  the 
little  Mexican  *'  plazas ''  are  scattered  along  both  sides  of  the  valley  but 
are  more  numerous  in  its  southern  part.  The  Mexicans  constructed 
no  large  irrigation  ditches,  and  their  settlements  were  perforce  limited 
to  the  mountain  valleys,  to  the  border  of  the  San  Luis  Valley,  and  to 
the  immediate  banks  of  the  perennial  streams  in  the  valley. 

Following  the  advent  of  Americans  came  colonization  schemes  and 
the  construction  of  larger  canals,  permitting  the  central  part  of  the 
valley  to  be  settled.  North  of  the  Rio  Grande  the  country  adjacent 
to  the  railway,  irrigated  by  the  Farmers'  Union,  Prairie  Ditch,  and 
San  Luis  canals,  was  first  settled  in  preference  to  the  more  gravelly 
soil  to  the  west.  Gradually,  however,  the  gravelly  land  was  found  to 
be  fertile  and  suited  to  cultivation  as  well  as  the  other,  and  the  culti- 
vated territory  spread  farther  westward.  Then,  from  a  combination 
of  causes,  the  land  that  lay  to  the  east  along  the  railway  and  was  the 
first  to  be  cultivated  was  practically  abandoned.     These  causes  were 
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(1)  exhaustion  of  the  soil  hy  continuous  croppincr  without  rotation; 

(2)  exhaustion  of  tlie  water  in  the  canals  by  farms  nearer  the  heads 
of  the  canals;  (3)  failure  of  the  canals  in  years  of  drought  through 
lateness  of  their  priorities ;  (4)  injurious  accumulation  of  alkali  in  the 
soil.  This  accumulation  of  alkali  is  due  to  the  prevailing  practice  of 
subirrigation.  The  alkali  is  largely  of  local  origin,  a  result  of  the 
concentration  at  the  surface  of  the  salts  in  the  soil  of  the  aflFected 
region  itself,  but  is  also  partly  derived  from  the  soil  of  the  contiguous 
and  higher  regions  to  the  west  and  carried  by  seepage  water  to  the 
lower  land,  there  coming  to  the  surface  and  being  precipitated. 

Remnants  of  the  population  brought  in  b}^  colonization  schemes 
exist  in  different  parts  of  the  valley,  as,  for  instance,  settlements  of 
French  (-anatUans  about  Camero,  of  Scandinavians  at  Swede  Comers 
south  of  Saguache  and  in  the  neighborhood  of  Swede  Schoolhouse 
southwest  of  Alamosa,  and  of  Mormons  at  Manassa,  Sanford,  Rich- 
field, Freedom,  and,  until  recently,  at  Zapato. 

NATIVE    VEGETATION. 

The  native  vegetation  of  the  valley  varies  with  the  region  and  the 
ecologic  conditions.  On  the  high  mountain  sides  pine,  aspen,  and 
spruce,  lower  down  pifton  and  cedar,  and  in  the  valleys  and  along 
streams  cottonwood  and  willow  constitute  the  forest  growth.  The 
valley  bottom  away  from  streams  is  covered  with  a  growth  of  *  *chico'' 
and  ''greasewood,*'  the  former  predominating  in  adobe  soils  and  both 
growing  in  the  loams.  Sagebrush  does  not  grow  in  the  valley  bottom 
but  is  found  in  the  foothills  in  places.  Wild  currants  and  raspberries 
thrive  abundantly,  growing  well  up  the  mountain  slopes.  Of  the  cur- 
rants three  varieties  are  found,  black,  red,  and  yellow. 

Much  native  hay  is  grown  along  the  bottoms  of  the  streams  that 
come  down  into  the  valley  from  either  side.  These  vegas,  or  native 
meadows,  were  among  the  first  tracts  taken  up  as  homesteads,  and 
on  account  of  their  value  and  tlie  ease  of  cropping  are  not  plowed 
up  to  be  planted  in  other  crops  unless  they  run  out.  The  market  for 
hay  is  largely  local,  yet  some  is  shipped. 

CULTIVATED   CHOPS. 

The  principal  crops  are  wheat,  oats,  wild  hay,  alfalfa,  potatoes,  peas, 
and  barley.  Wheat  was  the  first  crop  and  is  the  most  important 
crop  to-day.  Very  little  trouble  was  taken  in  planting  wheat  by  the 
early  settlers.  The  brush  was  uprooted  by  dragging  a  heavy  railroad 
rail  across  the  land,  raked  up  into  windrows  and  burned,  and  the 
wheat  drilled  in  directly  without  plowing.  Such  methods  sufficed 
to  get  large  yields  and  led  to  the  planting  of  large  acreage  and  the 
building  of  mills  and  elevators  at  Del  Norte,  Monte  Vista,  Hooper, 
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Mosca,  Alamosa,  La  Jara,  and  Conejos.  In  time  the  heavy  wheat 
returns  failed  and  crops  were  rotated,  or  the  fields  were  planted  in 
alternate  years,  lying  fallow  in  the  intervals. 

In  the  last  few  years,  however,  a  new  industry  has  sprung  up,  which 
yields  good  returns  and  which,  in  the  long  run,  will  be  more  valuable, 
in  that  it  w^ill  restore  the  land  to  its  pristine  fertility.  This  is  the 
business  of  fattening  young  lambs  for  the  spring  markets.  Quarter 
sections  are  grown  with  peas,  or  a  mixture  of  peas  and  oats,  and  the 
lambs  are  pastured  on  these,  thus  at  one  stroke  doing  away  with  the 
need  of  harvesting  the  crop  and  hauling  it  to  market,  besides  resting 
the  land  by  raising  a  leguminaceous  crop  and  returning  nearly  all  the 
mineral  plant  food  to  the  soil.  The  practice  promises  to  spread 
rapidly  and  will  unquestionably  make  for  the  good  of  the  valley. 
The  meat  of  lambs  fed  on  peas  is  said  to  be  much  improved  in  flavor 
and  at  all  times  commands  the  best  prices. 

The  late  and  short  growing  season  in  the  valley  of  necessity  cuts 
out  some  fruits  and  crops.  Early  com  will  in  a  favorable  year  make 
small  roasting  ears.  Apples  and  pears  have  been  grown  in  protected 
places,  but  these  are  unimportant  and  fruit  is  mostly  imported  from 
the  outside. 

METHODS   OF   IRRIGATION. 

In  the  San  IjUis  Valley  the  method  of  irrigation  practiced  almost 
universally  is  a  modification  of  subsurface  irrigation,  locally  known 
as  *^subirrigation."  In  subsurface  irrigation  the  water  is  carried  in 
underground  tile  or  perforated  pipe  directly  beneath  the  roots  of  the 
plant  to  be  irrigated,  as,  for  instance,  beneath  a  row  of  fruit  trees. 
In  subirrigation,  as  practiced  in  the  valley,  the  water  is  conducted  onto 
the  field  in  trenches  at  such  distances  apart  as  experience  and  the 
character  of  the  soil  shall  determine.  These  trenches  are  closed  at 
the  lower  ends  and  water  is  supplied  to  them  only  so  fast  as  it  is  taken 
up  by  the  sides  and  bottom  of  the  trenches,  care  being  taken  to  pre- 
vent overflowing.  The  loamy  character  of  the  soil  allows  it  to  absorb 
the  water  rapidly,  while  the  level  character  of  tlie  surface  permits  the 
raising  of  the  level  of  ground  water  to  a  height  within  reach  of  the 
rootlets  of  the  growing  crops.  The  object  in  view  is  to  keep  the  level 
of  the  underground  water  at  this  height.  If  the  spring  rains  have  not 
left  the  water  level  near  the  surface,  it  may  be  brought  so  by  a  pre- 
hminary  flooding. 

This  method  requires  much  less  care  and  trouble  than  the  method 
of  flooding  or  surface  irrigation,  and  is  as  efficacious  as  that  method, 
though  it  requires  much  more  water.  Its  long-continued  practice, 
however,  brings  a  result  that  is  detrimental ;  that  is  to  say,  it  renders  the 
soil  alkaline.  In  countries  of  greater  rainfall,  where  irrigation  is  not 
needed,  the  constant  flooding  of  the  soil  since  its  formation  as  a  result 
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of  heavy  rains  and  the  consequent  run-off  has  leached  from  it  much 
if  not  all  of  its  content  of  injurious  salts^  as  well  as  much  of  the  mineral 
matter  needed  as  plant  food.  For  the  same  reason,  in  the  so-called 
arid  regions,  correlated  with  the  liability  to  become  alkaline  imder 
careless  irrigation  is  the  greater  fertility  of  the  land  due  to  the  greater 
abundance  of  mineral  plant  food. 

The  salts  which  render  soil  alkaline  are,  in  the  order  of  their  inju- 
rious effects,  sodium  carbonate  C black  alkali"),  sodium  sulphate 
C^Glauber^s  salt"),  and  sodium  chloride  (common  salt).  These  are 
originally  so  widely  scattered  in  small  particles  through  the  soil  aad 
subsoil  as  not  to  be  injurious.  They  are  very  readily  dissolved  in  the 
water  put  on  in  subirrigation,  which  penetrates  both  the  soil  and  the 
subsoil.  As  this  water  is  drawn  to  the  surface  and  evaporated,  it 
leaves  these  salts  behind  it  on  the  surface  of  the  groimd.  As  a  result 
of  this  continuous  process,  the  salts  are  leached  from  the  soil  and  sub- 
soil and  accumulate  on  the  surface  of  the  soil,  rendering  it  in  time 
unfit  for  tilling.  Once  in  solution,  the  only  way  the  salts  are  rede- 
posited  in  the  soil  is  by  evaporation.  The  remedy^  is  of  course  to 
reverse  the  process  of  irrigation;  that  is  to  say,  to  apply  the  water  at 
the  siuiace,  preferably  by  flooding,  and  to  withdraw  it  from  below 
by  drainage,  thus  continuaUy  carrying  away  the  salts  in  solution  and 
lessening  their  amount  in  the  soil.  This  method,  as  just  pointed  out, 
has  the  disadvantage  of  removing  from  the  soil  some  of  its  valuable 
elements. 

Not  all  of  the  water  comes  immediately  to  the  siu^ace  to  be  evap- 
orated, especially  on  the  less  gently  sloping  gravelly  land  of  the  allu- 
vial-fan formations  to  the  west.  A  portion  of  the  water  continues 
down  the  slope  as  underflowing  ground  water  until  forced  to  the  sur- 
face by  clay  beds  beneath.  Here  it  issues  as  a  *'seep,"  usually  making 
an  "alkali  spot.'' 

The  alkali  map  accompanying  the  report  on  the  soil  survey  of  the 
San  Luis  Valley,**  to  which  the  reader  is  referred  for  further  details, 
shows  that  in  the  region  surveyed  the  most  alkaline  territory  lies  in  a 
semicircle  about  the  foot  of  the  steeper  part  of  the  great  Rio  Grande 
alluvial  fan.  The  author  of  the  report  says  that  "the  subformation 
is  such  that  the  ground  water  is  naturally  near  the  siu^ace  in  this 
territory."  In  other  words,  this  is  the  region  where  the  superficial 
gravelly  and  sandy  covering  of  the  fan  thins  out  and  the  clay  beds  of 
the  Alamosa  formation  approach  the  surface. 

IIow  short-sighted  was  the  man  who  congratulated  himself  because 
his  land  required  no  irrigation  when  his  next  neighbor's  land  above 
was  thoroughly  saturated  or  "subbed."  He  simply  was  slowly 
accumulating  a  large   part  of  his  neighbor's   alkali.     Perhaps  his 

a  U.  8.  Dept.  Agr.,  Field  operations  of  the  Bureau  of  Soils,  1903,  pp.  100»-1119. 
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neighbor  in  turn  was  having  alkali  unloaded  upon  his  land.  But  the 
man  for  whom  there  is  no  escaping  the  alkali  under  the  system  of 
subirrigation  is  the  one  on  whose  place  the  seep  rises  to  the  surface. 
As  noted  before,  the  remedy  lies  in  surface  application  of  the  water, 
with  subsurface  drainage,  not  only  greatly  lessening  the  needful 
amount  and  making  the  supply  irrigate  a  larger  territory,  but  carry- 
ing away  the  alkali. 

The  report  referred  to  above,  based  on  careful  study  of  the  valley, 
concludes  that  the  amount  of  alkali  in  the  valley  is  nowhere  so  great 
as  to  preclude  successful  reclamation  by  proper  methods. 

GEOLOGY. 

INTBODUCTORY  STATEMENT. 

Popularly  the  San  Luis  Valley  or  park  is  supposed  to  be  the  south- 
ernmost one  of  a  chain  of  four  great  parks,  of  which  North,  Middle, 
and  South  parks  are  the  others ;  in  reality,  it  differs  genetically  and 
geologically  from  that  series,  which,  with  its  southern  continuation, 
Wet  Mountain  Valley  and  Huerfano  Park,  occupies  a  depression  be- 
tween the  Front  Range  and  Wet  Mountain  axis  and  the  Mosquito 
Range  and  Sangre  de  Cristo  axis,  whereas  the  San  Luis  Valley  occupies 
a  depression  west  of  the  latter  axis  and  between  it  and  the  Sawatch 
Mountains.  Furthermore,  the  former  depression  began  to  take  shape 
much  earlier — as  far  back  as  the  Triassic  at  least — and  has  been  sub- 
ject to  sedimentation  more  or  less  continuously  from  that  time  until 
the  Pleistocene,  whereas  the  San  Luis  Valley  shows  no  formations  older 
than  Miocene,  and  is  for  the  most  part  occupied  by  Tertiary  or  early 
Quaternary  sediments. 

For  purposes  of  geologic  description  the  valley  and  its  environment 
divides  itself  naturally  into  four  parts — the  west  ranges,  the  east 
ranges,  the  San  Luis  Hills,  and  the  valley  proper. 

THE  WEST  RANGES. 

The  western  mountains,  the  Sawatch  and  Conejos  ranges,  are  made 
up,  on  their  eastern  flanks  adjacent  to  the  San  Luis  Valley,  of  alter- 
nations of  gravel  beds,  andesitic  flows,  and  rhyolitic  tuff's  cut  through 
in  places  by  dikes  and  the  volcanic  necks  of  centers  of  effusion. 
These  flows  incline  toward  the  valley  with  dips  varying  from  6*^  to  15°, 
and  extend  under  it,  being  penetrated  in  some  of  the  wells  at  the  south 
end  of  the  valley.  In  Plate  III,  A,  the  lava^capped  mesa  that 
stretches  eastward  from  Los  Mogotes  Peak  and  is  cut  through  by  the 
canyon  of  Conejos  River  is  seen  gradually  to  approach  and  merge 
with  the  floor  of  the  valley. 
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ALAMOSA    CREEK   VALLEY. 

Alamosa  Creek  leaves  the  foothills  about  6  miles  west  of  Capulin, 
through  a  defile  in  the  lava  rim.  The  south  side  of  the  defile  rises 
into  a  bluff  a  hundred  feet  high,  which  is  shown  in  Plate  III,  B, 
This  bluff,  capped  with  pj?Toxenite-andesite**  40  feet  in  maximum 
thickness,  dips  8*^  to  10*^  E.  The  lower  part  is  massive  and  lies  upon 
a  water-sorted  conglomerate,  at  the  contact  with  which  the  lava 
is  much  broken.  Bowlders  from  the  conglomerate  seem  to  be  drawn 
up  into  the  lava,  and  it  is  penetrated  by  crevices  and  *' chimneys" 
of  loose-textured  rock,  apparently  the  result  of  steam  escaping  when 
the  flow  covered  the  conglomerate.  The  conglomerate  has  a  burnt, 
reddish  color,  and  the  sandy  matrix  is  more  or  less  consolidated  and 
indurated.  These  gravel  beds  ri^e  upstream  and  300  yards  west 
come  to  the  top  of  the  bluff,  where  they  are  interbedded  with  and 
underlain  by  brecciated  pumice  or  rhyolitic  tuffs.  Farther  west  these 
in  their  turn  are  underlain  by  other  gravel  beds,  which  become  more 
arkose  toward  the  bottom,  where  they  rest  on  pinkish  mica  andesite. 
In  each  of  the  conglomerate  beds,  mingled  with  the  waterwom 
bowlders,  there  are  numerous  subangular  bowlders,  some  of  which 
are  rudely  facetted  and  in  outline  strongly  resemble  glaciated 
bowlders.  Though  none  was  seen  which  exhibited  striro  or  glacial 
scratches,  yet  the  field  observations  left  the  writer  convinced  that  a 
period  of  local  glaciation  antedated  the  last  lava  flow  in  this  vicinity. 
If  this  glaciation  occurred  in  the  headwaters  of  Alamosa  Creek, 
the  carrying  of  the  bowlders  by  the  stream  to  their  present  site  would 
have  worn  away  the  superficial  glacial  striae  and  left  them  in  the 
condition  in  which  they  are  now  found. 

The  ledge  of  pink  mica  andesite  varies  from  about  30  to  more  than 
70  feet  in  thickness  and  is  the  most  persistent  and  characteristic  bed 
of  the  eastern  border  of  the  west  ranges.  It  furnishes  the  stone  which 
has  been  most  widely  used  for  building  purposes  in  the  valley.  It 
can  be  quarried  in  blocks  of  any  desired  size,  works  easily  when 
freshly  quarried,  hardens  on  exposure,  and  has  in  general  a  pleasing 
creamy  tint,  though  varying  somewhat  in  shade  in  different  outcrops. 
Many  public  buildings,  as  well  as  business  blocks  and  residences,  in 
Antonito,  (^onejos,  La  Jara,  Manassa,  Alamosa,  and  Monte  Vista 
are  constructed  of  this  stone. 

Below  the  pink  mica  andesite  are  successive  beds  of  andesite  and 
rhyolitic  tuffs  and  vitrophyres.  The  following  is  a  section  of  the 
various  beds  from  the  uppermost  sheet  of  pyroxenite-andesite  down- 
ward to  the  pink  mica  andesite: 

a  T^e  various  igneous  rocks  noted  herein  have  been  detemiincd  by  Whllnian  Cross,  of  the  United  St«ta 
Geological  Survey. 
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Section  ofsoiUh  side  of  Alamosa  Creek  canyon,  near  the  hwar  end. 

Feet. 

Pyroxene  andeeite;  irregulftr  contact  at  base 40 

Bowlders  in  sand  matrix 12 

Bedded  sand 1 

Bowlders  in  sand  matrix 12 

Bowlders  in  brecciated  pumice  tuff 3 

Bowlders  with  indurated  sand  matrix .* 1 

Bowlders  and  sand;  irregular  contact  at  base 2 

Pumice  breccia  with  small  waterwom  pebbles 2 

Sand  and  bowlders  of  various  shapes— angular,  subangular,  and 

waterwom 4 

Pumice  breccia 14 

Concealed,  probably  gravel 8 

Brecciated  pumice  with  rounded  quartz  and  felsite  pebbles  |  inch 

in  diameter.    Upper  portion  conglomeratic  with  bowlders  of 

various  rocks 12 

Pumice 8 

Apparently  pumice 80-100 

Bedded  gravel  and  sand  becoming  lighter  in  color  and  arkoee 

toward  the  bottom 50 

Pinkish  mica  andesite 40± 

CAT   GREEK    VAU.EY. 

The  canyon  of  Cat  Creek  at  the  point  where  it  debouches  upon  the 
plain  is  not  deep.  At  the  quarrj'^,  about  a  mile  up  the  canyon,  the 
mica  andesite  first  appears,  continuing  to  the  forks  of  the  canyon  at 
Tiptons,  forming  the  walls  of  the  south  canyon  to  a  point  3  miles 
beyond,  and  showing  in  the  walls  of  the  north  canyon  to  the  vicinity 
of  Wood's  cabin,  where  the  road  leaves  the  canyon  and  goes  up  the 
steep  hill.  From  this  it  will  be  seen  that  the  eastward  dip  of  the 
mica  andesite  here  does  not  exceed  the  drainage  gradient  of  Cat 
Creek,  which  is  a  considerably  lower  dip  than  the  same  rock  shows  in 
Alamosa  Creek. 

ROCK   CREEK   VALLEY. 

In  Plate  IV,  A,  is  shown  Painted  Rock  Bluflf  along  the  north  bank 
of  Piedra  Pintada  (Painted  Rock)  Creek,  locally  called  Rock  Creek, 
which  takes  its  name  from  the  fact  that  for  about  a  quarter  of  a  mile 
in  the  middle  of  the  bluflf  shown  in  the  photograph  the  face  of  the 
soft  andesite  bluflf  is  covered  with  Indian  picture  writing.  The  andes- 
ite ledge  rises  westward  for  a  mile  and  a  half  to  the  forks  of  Rock 
Creek,  where  it  shows  a  face  of  60  or  80  feet  of  the  pinkish  mica 
andesite,  the  thickest  exposure  noted. 

These  beds  of  pinkish  mica  andesite,  which  appear  in  the  canyons 
of  Alamosa  Creek,  Cat  Creek,  and  Rock  Creek  and  elsewhere  on  the 
west  side  of  the  valley,  seem  to  be  parts  of  the  same  flow  or  at  least 
to  belong  to  closely  related  flows  in  all  three  canyons.  The  bed  may 
actually  be  continuous  through  the  hill  from  one  canyon  to  the  other, 
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but  this  is  not  evident.  The  high  points  between  the  canyons,  such 
as  Chiquita  Peak,  seem  to  be  local  extravasations  through  the  andes- 
itic  sheet. 

WEST  OF   MONTE    VISTA. 

In  the  foothills  6  miles  west  of  Monte  Vista  the  flows,  dipping 
eastward  more  steeply  than  the  slope  of  the  hills,  form  "hogbacks." 
Several  miles  farther  west,  at  the  limekiln,  a  normal  fault,  bearing 
N.  30°  W.,  with  a  throw  of  50  or  60  feet  to  the  west,  has  been  pros- 
pected through  a  distance  of  three-fourths  of  a  mile.  Throughout 
this  extent  the  brecciated  fault  zone  is  filled  with  a  vein  deposit  of 
calcareous  onyx,  which  has  been  burned  for  lime  but  has  not  yielded 
any  blocks  of  onyx  marble  of  commercial  size.  The  width  from  wall 
to  wall  varies  from  20  to  40  feet,  though  at  the  widest  places  a  portion 
of  the  space  is  taken  up  by  slabs  of  the  country  rock,  which  seem  to 
be  either  mica  andesite  or  mica  rhyolite. 

A  darker,  heavier  flow,  later  than  the  mica  andesite  and  probably 
corresponding  to  the  upper  flow  at  the  foot  of  Alamosa  Creek  canyon, 
outcrops  in  a  few  places,  notably  near  the  railway  cut  midway  between 
Monte  Vista  and  Del  Norte,  and  also  in  the  isolated  hill  La  Loma  del 
Norte,  across  the  Rio  Grande,  2  miles  east  of  the  last-mentioned 
exposure. 

VICINITY   OF   SAGUACHE. 

The  eastern  edge  of  the  La  Garita  Hills  from  Del  Norte  to  Saguache 
was  not  examined,  but  what  appears  from  a  distance  to  be  the  pink 
mica  andesite  occurs  in  great  massive  bluffs  and  makes  up  a  large  part 
of  the  hills.  In  the  vicinity  of  Saguache  there  are  a  number  of  small 
hills  of  basic  lava,  the  result  of  local  extravasation.  The  hill  near 
the  cemetery  southeast  of  the  town  is  made  up  of  olivine  diabase  and 
hornblende  andesite.  To  the  northeast,  in  the  vicinity  of  Hunt 
Springs,  similar  hills  appear;  also  farther  northeastward  to  the  vicinity 
of  Villa  Grove.  North  and  south  of  that  locaUty,  skirting  the  edges 
of  the  foothills,  are  heavy  outcrops  of  Carboniferous  rocks  dipping 
50^  E. 

AGE   OF   THE   ROOKS   INVOLVED   IN   THE    WEST   RANGES. 

In  the  discussion  of  the  mesa  northwest  of  San  Luis  village,  the 
northwest  prolongation  of  the  San  Pedro  Mesa,  its  equivalence  in  age 
with  the  basic  lava  capping  the  lava  conglomerate  series  making  up 
the  western  ranges  is  suggested  (p.  39).  There  also  is  noted  the 
correlation  of  the  San  Pedro  Mesa  and  its  extension  with  the  lava- 
capped  mesa  near  Fort  Garland,  which  Hayden,  following  the  forma- 
tion up  the  Rio  Grande  from  its  type  locality,  identified  as  the 
Santa  Fe  formation,  later  shown  by  Cope  to  be  of  Miocene  age.  This 
will  be  assumed,  then,  to  be  the  age  of  the  alternating  series  of  andesite 
flows  and  conglomerates  of  the  eastern  bpirdei:  pf  the  western  hills. 
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Indeed,  Hajden  "  noted  the  occurrence  of  the  Santa  Fe  formation  at 
the  base  of  the  western  mountains  south  of  Saguache  Creek.  The 
similarity  of  constitution  on  the  opposite  sides  of  the  vaUey  supports 
the  tentative  correlation. 

GLACIATION   OF  THE    WEST   RANGES. 

While  evidence  of  glaciation  in  the  upper  courses  of  Conejos  River 
axid  La  Jara,  Alamosa,  Cat,  and  Rock  creeks  is  plain,  the  lower  limit 
reached  by  the  ice  in  each  course  is  difficult  to  determine.  Distinct 
terminal  moraines  are  not  present,  but  instead  the  unquestioned  drift 
of  the  upper  courses  becomes  thinner  and  less  characteristic  in  the 
lower  courses  and  may  be  succeeded  by  one  or  two  sets  of  terraces. 

The  Alamosa  Creek  glacier  manifestly  occupied  the  U-shaped  valley 
of  that  creek  down  nearly  to  the  "box  canyon,^'  spreading  across  the 
flat  west  of  Chiquita  Peak  into  the  valley  of  Cat  Creek  and  coalescing 
with  the  ice  in  that  valley.  Below  the  "box  canyon"  there  are  two 
terraces,  both  developed  on  the  south  side  of  the  valley.  The  lower 
one,  apparently  alluvial,  is  60  feet  high  and  100  to  150  yards  wide. 
The  upper  one,  30  feet  higher,  is  covered  with  bowlders,  in  part 
glacial,  and  has  an  irregular  surface  apparently  morainic  in  origin — 
an  appearance  that  is  borne  out  by  the  arrangement  of  material  so 
far  as  that  can  be  seen.  A  mile  farther  down  the  creek  a  third  terrace 
sets  in  35  feet  high  above  the  valley  bottom.  Upon  the  surface  of 
this  terrace  are  two  and  in  places  three  trains  of  bowlders,  roughly 
parallel,  steeper  toward  the  creek  and  sloping  toward  the  valley  wall. 
They  appear  to  be  morainic  in  origin,  though  the  occurrence  of  the 
alluvial  terrace  higher  up  the  creek  seems  to  cast  doubt  upon  such 
interpretation. 

In  Cat  Creek  valley  the  disposition  and  character  of  the  drift  that 
lies  upon  the  andesite  at  thp  quarry  near  the  lower  end  of  the  canyon, 
as  well  as  of  that  on  the  sides  of  the  canyon  all  the  way  up,  seem  to 
point  to  their  deposition  directly  by  the  ice.  The  two  forks  of  the 
creek  occupy  trenches  cut  in  the  eastward  extension  of  the  glaciated 
flat  west  of  Chiquita  Peak.     No  terminal  moraine  is  apparent. 

The  headwaters  of  Rock  Creek  rise  in  the  rolling  glaciated  amphi- 
theater shown  in  Plate  II,  B.  In  the  vicinity  of  the  forks  of  the  creek 
there  is  much  evidence  of  glaciation.  Parallel  to  Painted  Rock 
Bluff,  but  on  the  south  side  of  Rock  Creek,  there  is  a  long  terrace,  steep 
in  front,  the  gravel-covered  surface  sloping  gently  away  from  the 
creek.  This  terrace  is  in  all  respects  like  the  uppermost  terrace  of 
Alamosa  Creek  and  apparently  is  lateral  morainic  in  character. 

No  further  evidences  of  glaciation  were  noted  on  the  west  side  of 
the  valley.     There  are  no  indications  about  Del  Norte  that  the  Rio 

a  First,  Second,  and  Third  Ann.  Repts.  U.  S.  Q«ol.  and  Geog.  Survey  Terr.,  p.  176. 
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Grande  glacier  reached  that  point,  and  at  Saguache  there  are  no  signs 
of  glaciation.  Though  farther  west  these  stream  valleys  must  have 
held  Pleistocene  glaciers,  the  conditions  were  such  that  they  did  not 
extend  as  near  to  the  San  Luis  Valley  in  this  locality  as  did  those 
farther  south. 

THE  EAST  RANGES. 

STRATIGRAPHY  AND  STRUCTURE. 

Commencing  north  of  Poncha  Pass,  the  Sangre  de  Cristo  Range 
forms  a  true  sierra  extending  southeastward  and  culminating  in  the 
massif  of  the  Sierra  Blanca  group  of  peaks.  The  sky  line,  formed  by 
a  series  of  pointed  peaks  with  intervals  of  sharply  serrate  and  jagged 
crest  line,  and  the  precipitous  front,  rising  abruptly  from  the  level 
plain  to  the  height  of  a  mile,  combine  to  make  this  range  one  of  the 
boldest  and  most  majestic  in  the  country. 

The  geologic  boundaries  in  this  range,  as  laid  down  on  the  Hayden 
map,  are  very  much  at  fault.  Only  the  most  cursory  examination 
has  been  made  of  the  range,  which  has  been  ascended  or  crossed  by 
geologists  but  a  few  times  at  most.  The  formations  involved,  so  far 
as  known,  are  basal  gneiss,  schists,  and  granite;  intrusive  granite; 
quartz  conglomerate;  pudding-stone  conglomerate  and  red  sandstone; 
and  limestones  and  shales.  The  ages  assigned  to  these  formations 
by  the  Hayden  geologists  are  as  follows:  Gneisses,  schists,  etc., 
Archean;  pudding-stone  conglomerate  and  red  sandstone,  upper  Car- 
boniferous; and  limestone  and  shales,  lower  Carboniferous. 

Reference  ha^been  made  to  the  occurrence  of  limestones  and  sand- 
stones in  the  vicinity  of  Villa  Grove.  The  outcrops,  as  laid  down  on 
the  Hayden  map,  show  lower  Carboniferous  rocks  facing  the  valley 
and  upper  Carboniferous  behind  and  above.  The  dip  is  toward  the 
valley,  thus  indicating  an  overturn.  On  the  east  side  of  the  valley 
the  same  distribution  of  formations  is  represented,  the  upper  Carbon- 
iferous forming  the  upper  flanks  of  the  Sangre  de  Cristo  Range,  the 
lower  Carboniferous  restricted  to  two  outcrops  on  the  western  foot 
of  the  range.  This  stratigraphic  arrangement,  taken  in  connection 
with  the  described  anticlinal  structure  of  the  range,  is  altogether 
improbable.  Lee  has  recently  shown  **  for  the  Culebra  Range  that 
the  limestones  marked  on  the  Hayden  map  as  lower  Carboniferous  are 
in  reality  upper  Carboniferous  and  lie  on  the  basal  Archean  granite, 
indicating  the  entire  absence  of  lower  Carboniferous;  and  this  is  prob- 
ably true  for  the  whole  range  except  the  north  end  near  Salida,  where 
lower  Carboniferous  limestone  carrying  fossils  with  a  strong  Devonian 
facies  is  known.  If  the  same  mistake  that  was  made  in  the  Culebra 
has  been  made  in  regard  to  the  age  of  the  limestone  east  and  west  of 
Villa  Grove,  the  structural  diflBculty  disappears  and  the  range  is 
•--^adily  interpreted  as  a  great  anticline  and  the  valley  as  a  great 

a  Jour.  Geology,  vol.  10, 1902,  pp.  303-396. 

Digitized  by  VjOOQ IC 


<  M 

OL         « 


I    "i 


Digitized  by  VjOOQ  IC 


Digitized  by  VjOOQIC 


GEOLOGY.  35 

syncline,  the  limestone  being  younger  and  overlying  the  sandstones 
and  conglomerates.  That  the  structure  of  the  range  is  not  a  simple 
anticline,  however,  is  well  shown  by  a  section  up  the  canyon  of  Willow 
Creek,  which  leaves  the  mountains  2  miles  southeast  of  Crestone.  A 
view  looking  up  the  valley  from  Willow  Creek  Park  is  shown  in  Plate 
V.  The  prominent  ledge  just  beyond  the  middle  of  the  picture  dips 
south  of  west  70°  to  80*^  and  consists  of  conglomerate.  This  is  the 
formation  which  was  called  ''Arkansas  sandstone*'  by  Endlich  and 
which  has  here  been  spoken  of  as  pudding-stone  conglomerate  because 
many  of  the  bowlders  in  the  conglomerate  are  themselves  conglom- 
eratic. Some  of  the  bowlders  are  immense,  Emmons  ^  noting  some 
25  to  50  feet  in  diameter.  The  pebbles  and  bowlders  are  of  crystal- 
line rocks  of  various  kinds  and  colors.  Up  the  valley  the  dip  ap- 
proaches the  vertical,  then  is  inclined  the  other  way,  getting  lower, 
and  at  the  head  of  the  valley  the  structure  develops  into  the  pos- 
sibly faulted  syncline  shown  in  Plate  VI,  reproduced  from  a  photo- 
graph taken  near  and  looking  toward  the  crest  of  the  range.  The 
creek  from  its  source  to  the  lower  lake,  a  distance  of  3  or  4  miles, 
flows  approximately  along  the  axis  of  the  syncline.  There  is  proba- 
bly a  closely  appressed  anticline  between  Willow  Creek  Park  and  the 
syncline  just  mentioned.  The  conglomerate  extends  all  the  way 
from  the  upper  end  of  the  park  to  the  crest  of  the  mountain.  The 
texture  seems  to  grow  finer  upward,  becoming  practically  that  of  a 
coarse  reddish  sandstone  at  the  axis  of  the  syncline,  but  about  the 
head  of  the  creek  the  rock  is  coarsely  conglomeratic  again.  Making 
allowance  for  the  appressed  anticline,  the  thickness  of  the  conglom- 
erate, as  can  be  seen,  is  enormous,  so  that  the  question  of  the  source 
and  origin  of  the  conglomeratic  material  may  well  be  diflBicult,  as 
Emmons  found  it.'' 

The  axis  of  the  range  is  in  general  made  up  of  intrusive  granite 
flanked  on  either  side  by  conglomerate,  though  the  conglomerate 
extends  across  the  crest  of  the  mountains  near  Electric  Peak  and  the 
head  of  Willow  Creek.  Beginning  north  of  Crestone,  a  band  of  the 
older  granite  sets  in,  widening  toward  the  south  until,  with  the  back- 
bone of  later  intrusive  granite,  it  takes  in  the  whole  range,  the  sedi- 
mentary rocks  south  of  Music  Pass  being  restricted  to  the  east  foot 
of  the  range. 

In  the  saddle  between  Baldy  and  Blanca  peaks  is  a  bed  of  con- 
glomerate which  is  quite  diflFerent  from  the  conglomerate  in  the  north 
end  of  the  range,  in  that  the  pebbles,  which  rarely  exceed  1  or  2 
inches  in  diameter,  are  all  of  pure  quartz,  while  the  bowlders  of  the 
Carboniferous  conglomerate  are  large  and  are  made  up  of  all  sorts  of 
igneous  rocks.  This  conglomerate  in  the  gap  has  a  thickness  of  a 
hundred  feet  or  so,  rests  on  the  granite,  and  has  a  very  ferruginous 

a  BuU.  Geol.  Soc.  America,  vol.  1,  p.  262.  <»0p.  cit.,  p.  265. 
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sftody  matrix,  the  reddish  color  showing  at  a  long  distance.  Down 
Ute  Creek  the  con^merate  is  more  pronounced  in  character,  and  it 
lies  against  the  foot  of  Baldy  Peak  upon  the  truncated  edges  of 
steeply  dipping  and  intruded  crystalline  rocks.  Its  apparent  thick- 
ness is  over  100  feet,  and  the  dip  is  14""  to  le""  N.  W  E.  It  stretches 
away  north  of  Baldy  Peak  down  the  valley  of  Huerfano  River,  with 
a  dip  of  8^  or  10^  in  a  direction  north  of  east.  On  the  north  side  of 
the  valley  the  dip  of  the  contact,  which  from  the  crumpled  condition 
of  the  conglomerate  seems  to  be  a  plane  of  movement,  is  36^  in  a 
direction  south  of  east.  To  the  east  the  dip  is  more  gentle,  20^  in 
the  same  direction.  In  the  distance  down  the  north  side  of  the 
valley  can  be  seen  bare  white  patches  of  limestone  or  light  shales. 
No  doubt  the  upward  formations  succeeding  the  conglomerate  above 
would  be  shown  in  a  section  down  the  ridge  in  the  direction  of  the 
dip,  and  perhaps  also  the  relation  of  the  conglomerate  to  the  con- 
glomerates and  limestones  of  the  northern  part  of  the  range  and  of 
Veta  Pass.  These  relations  not  having  been  ascertained,  the  age  of 
this  conglomerate  must  remain  for  the  present  undetermined.  An 
apparently  similar  series  of  rocks  in  the  Culebra  Range  just  east  of 
San  Luis  has  been  described  by  P.  H.  and  E.  C.  van  Die^,  as  will  be 
noted  below. 

Though  it  is  marked  on  the  Hayden  maps  as  Archean,  both  Hayden 
and  Stevenson  pronounced  the  mass  of  the  Blanca  group  to  be  of 
intrusive  rock.  For  the  most  part,  and  particularly  in  the  western 
portion,  it  consists  of  coarsely  crystalline  granite,  without  plication 
or  schistosity,  but  with  a  system  of  northeast-southwest  joints  and 
fissures.  Gneissic  and  schistose  rocks  make  their  appearance  along 
Ute  Creek,  as  noted  below.  Also,  in  the  lower  foothills  inmiediately 
south  of  Blanca  Peak,  the  rocks  are  gneiss  or  gneissoid  granite,  the 
laminsB  striking  northeast  and  southwest  similarly  to  the  veins  and 
fissures  in  Blanca  Peak. 

The  outcrops  in  La  Veta  and  Sangre  de  Cristo  passes  and  to  the 
west,  lying  as  they  do  on  the  great  highway  into  the  valley,  have  been 
noted  by  Schiel,  Hayden,  Ruffner,  EndUch,  and  others,  and  Lee  has 
collected  fossib  from  them.  The  beds  are  red  sandstone,  conglom- 
erates, shales,  and  limestones.  Endlich  states  that  where  the  sand- 
stones appear  from  beneath  the  eastern  Cretaceous  in  the  pass  they 
stand  nearly  vertical  but  incline  to  the  east,  the  dip  becoming  lower 
toward  the  central  mass  of  intrusive  rock  to  the  west,  beyond  which 
the  sandstones  and  limestones  set  in  again,  with  the  dip  reversed, 
and  soon  pass  under  the  axis  of  a  sjoicline.  Beyond  the  syncline 
the  limestones  are  involved  in  a  very  acute  anticline  and  the  west 
line  of  the  anticline  is  faulted  so  that  it  abuts  squarely  against 
the  basal  granite.  Hayden  and  Endlich  both  pronounced  these 
'•"^estones  to  be  upper  Carboniferous,  and  collections  by  Lee  agree 
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with  this  determination.  A  similar  series,  but  with  different  oro- 
graphic features,  is  described  by  Endlich  as  occurring  at  the  head  of 
Indian  Creek.  In  the  ninth  report  of  the  Hay  den  Survey,  for  1876, 
Endlich  describes  a  section  (No.  VIII)  of  the  east  side  of  the  Culebra 
Range  about  halfway  between  Culebra  and  Trinchera  peaks.  The 
lower  Carboniferous  limestone  is  represented  as  lying  on  the  east 
flank  of  the  granite  backbone  and  overlain  in  turn  by  red  upper 
Carboniferous  sandstones,  whose  dip  becomes  steeper  to  the  east  until 
they  disapj>ear  beneath  the  vertical  outcrop  of  Dakota  sandstone  in 
"Stonewall"  Valley.  Lee"  has  shown  by  a  good  collection  that  the 
limestone  is  upper  Carboniferous  and  expresses  the  opinion  that  the 
red  sandstones  belong  to  the  "Red  Beds.'' 

E.  C.  and  P.  H.  van  Diest ''  describe  a  block  of  quartzites  and 
siliceous  limestone  faulted  against  the  granite  at  a  locality  on  the 
Rito  Seco,  about  9  miles  northeastward  from  San  Luis.  The  lowest 
member  is  a  thin  bed  of  conglomerate,  composed  of  light  bluish  and 
greenish  pebbles  of  quartz  cemented  by  oxides  of  iron  and  manganese. 
Above  this  come  160  feet  of  white  saccharoidal  quartzites  overlain  by 
a  thin  bed  of  shale  and  200  feet  of  light-gray  siliceous  limestones,  and 
those  in  turn  are  topped  by  darker  limestones.  The  fault  which 
throws  them  against  the  granite  on  the  east  bears  N.  35^  E.  and  dips 
52J''  NW.  The  formations  themselves  dip  6°  or  6''  E.,  into  the 
mountains.  No  fossils  were  found,  but  on  the  basis  of  lithology  the 
authors  assign  the  quartzites  to  the  Cambrian  and  the  limestones  to 
the  Silurian. 

While  developed  on  a  much  smaller  scale  here,  the  conglomerates 
as  described  bear  a  striking  resemblance  to  those  on  upper  Ute 
Creek.  It  will  be  recalled  that  farther  down  the  ridge  from  the 
outcrop  described  north  of  the  Huerfano,  and  overlying  it,  several 
bare  white  spots  were  noted.  It  seems  altogether  probable  that  these 
represent  a  greater  development  of  the  limestones  overlying  the 
quartzite  of  the  Rito  Seco. 

Enough  has  been  said  to  indicate  that  little  is  actually  known  of  the 
geology  of  the  Sangre  de  Cristo  and  Culebra  ranges  and  that  it  is  an 
inviting  field  for  closer  study. 

GLACIATION   OF  THE   EAST   RANGES. 

The  various  stream  valleys  heading  against  the  crest  of  the  Sangre 
de  Cristo  Range  all  held  Pleistocene  glaciers,  the  morainic  remains  of 
which  fall  into  two  systems  showing  the  existence  of  two  periods  of 
glaciation.  The  moraines  ordinarily  reach  down  to  about  9,500  to 
9,000  feet  above  sea  level  and  crown  the  summits  of  the  great  alluvial 
cones  that  spread  out  from  the  mouths  of  the  stream  canyons.  The 
moraines  of  both  systems  are  comparatively  fresh  looking,  and  the 

a  Jour.  Geologyi  toI.  10, 1002,  pp.  383^396.  t>  Proc.  Colorado  Sci.  Soc.,  vol.  5, 1804,  pp.  75-80. 
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outer,  older  ones  are  not  noticeably  more  eroded  than  or  different 
topographically  from  the  inner,  later  ones.  Some  of  the  inner 
moraines  are  lower,  some  higher  than  the  outer  ones,  and  though  they 
are  generally  shorter  than  the  older  moraines,  some  of  them,  as  in 
Bear  Creek  valley,  transgress  the  older  moraines  and  extend  farther 
out  upon  the  alluvial  slopes,  these  irregularities  being  due  presumably 
to  varying  local  climatic  conditions  in  Pleistocene  time. 

Black  Canyon,  just  east  of  Orient,  has  lateral  moraines  on  either 
side  of  the  valley,  100  to  200  feet  high  and  reaching  to  the  alluvial 
slope  at  the  mouth  of  the  canyon.  A  prominent  moraine  juts  out 
from  the  Willow  Creek  canyon,  east  of  Crestone.  Behind  the  moraine 
is  the  park  or  meadow  shown  in  Plate  V,  the  bed  of  an  extinct  glacial 
lake.  Two  existing  glacial  lakes  are  foimd  in  the  U-shaped  valley 
above  the  park,  as  well  as  striae,  roches  moutonn6es,  and  other  evi- 
dences of  ice  occupation.  South  Zapato  Creek  valley,  heading  in  the 
Blanca  massif,  exhibits  the  same  evidences  of  ice  occupation,  together 
with  a  double  crescentic  moraine  crowning  a  great  alluvial  fan  at  the 
height  of  1,500  feet  above  the  level  of  the  valley.  The  inner  moraine 
formerly  inclosed  a  small  lake,  the  outlet  of  which  cut  through  the 
moraine  where  it  adjoined  the  canyon  wall  on  the  north  side  and,  once 
incised  in  the  rock,  has  continued  to  cut  back  a  narrow  winding  cleft, 
through  which  the  water  pours,  forming  the  pictiu*esque  Zapato  Falls. 
Middle,  Bear,  Little  Bear,  Blanca,  and  Ute  creeks,  the  circle  of  radiat- 
ing streams  flowing  down  the  west  and  south  sides  of  Blanca  Peak, 
each  held  a  glacier  which  came  down  to  and  terminated  upon  the 
apex  of  its  alluvial  fan.  At  the  head  of  Huerfano  Valley,  snugly 
under  the  northeast  face  of  Blanca  Peak,  there  yet  remain  two  small 
characteristic  glaciers.® 

The  Culebra  Range  suffered  glaciation  to  a  similar  extent,  according 
to  Willis  T.  Lee.* 

SAN  LUIS  HILLS. 

Stretching  northeastward  across  the  valley  from  Antonito  to  Fort 
Garland  is  a  series  of  basaltic  hills,  flat  topped  and  higher  west  of  the 
Rio  Grande,  lower  and  more  rounded  east  of  the  river,  degenerating 
into  a  lava-capped  mesa,  the  north  border  of  which  forms  an  escarp- 
ment along  the  south  side  of  Trinchera  Creek.  At  a  point  5  miles 
southwest  of  Fort  Garland  this  escarpment  swings  south,  joining  the 
San  Pedro  Mesa  at  San  Luis.  These  hills  and  mesas  form  the  south- 
east limit  of  the  artesian  basin,  the  sand  and  clay  beds  of  which  abut 
against  the  older  formation,  numerous  springs  coming  up  along  the 
contact,  particularly  in  the  lower  course  of  Conejos  River.     This 

a  For  a  fuller  description  of  these  glaciers  aod  the  IMeistocene  glaciation  generally  see  Jour.  Oeolocy»  vol. 
15,  1907,  pp.  15-22. 
t>  Personal  oommunlcation. 
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contact  in  all  probability  marks  a  fault  scarp,  the  older  strata 
fonning  the  west  ranges  and  the  floor  of  the  valley  being  deeply 
downthrown  to  the  northwest  in  the  formation  of  the  depression  in 
which  the  sands  and  clays  of  the  artesian  system  were  deposited. 

THB  VALLEY. 

In  the  San  Luis  Valley  tliere  may  be  distinguished  two  classes  of 
more  or  less  unconsolidated  gravels,  sands,  and  clays,  an  older  series 
of  conglomerates  with  intercalated  lava  flows,  and  a  younger  over- 
lying series  of  blue  clays  with  interstratified  sand  beds. 

SANTA   FE   FORMATION. 

The  older  conglomeratic  series  makes  up  the  small  isolated  mesas 
and  the  higher  foothiUs  about  Fort  Garland  and  southward  along  the 
western  base  of  the  Culebra  Range,  as  well  as  the  basalt-covered  San 
Pedro  Mesa  and  its  northward  continuation  which  has  been  men- 
tioned in  the  discussion  of  the  San  Luis  Hills.  Hayden  *  describes 
these  mesas  and  refers  them  to  the  Santa  Fe  formation.  A  thin  sec- 
tion of  some  of  the  consoUdated  sands  from  beneath  the  lava  in  the 
north  end  of  the  San  Pedro  Mesa  near  San  Luis  shows,  microscopic- 
ally, a  prominent  calcareous  cement.  The  sand  itself  is  in  part  vol- 
canic debris  and  in  part  of  aqueous  origin.  The  age  of  the  Santa  Fe 
formation  has  been  shown  by  Cope^  from  well-known  and  char- 
acteristic vertebrate  remains  to  be  Miocene.  The  mesas  east  and 
south  of  Fort  Garland  are  capped  by  a  flow  of  basalt,  while  sheets  of 
the  same  rock  are  interbedded  with  the  gravels  and  sands  of  wliich 
the  mesas  are  composed. 

A  series  of  deposits  northwest  of  Fort  Garland,  the  **  compact 
drift''  of  Endlich,*'  deserves  notice.  A  great  aUuvial  fan  that  formed 
on  the  left  fork  of  Ute  Creek  has  been  trenched  by  the  creek  and 
shows  a  succession  of  terraces^  Northwest  of  Fort  Garland  a  mesa 
approximately  150  feet  high  is  apparently  a  portion  of  this  fan,  which, 
with  others  formed  by  the  other  streams  that  converge  at  Fort  Gar- 
land, filled  up  the  angle  of  the  valley  between  the  Blanca  group  on 
the  northwest  and  the  basalt-capped  mesa  southeast  of  Garland. 
The  mesa  is  covered  with  a  sheet  of  gravel  ranging  from  pebbles  up 
to  bowlders  12  inches  in  diameter,  and  is  made  up  of  fine  buff  sand  or 
unindurated  sandstone,  with  here  and  there  a  gravel  layer  consisting 
of  various  kinds  of  crystalline  rocks,  the  whole  dipping  10°  or  12°  E. 
In  the  next  mesa  due  west,  up  the  draw,  the  dip  of  the  soft  sand- 
stone is  somewhat  steeper,  ranging  from  12°  to  22°  in  a  direction  north 
of  east.  Some  of  the  sandstone  beds  are  quite  indurated.  No  fos- 
sils are  to  be  observed.     The  dip  continues  on  across  the  mesa  for  a 

a  Ann.  Rcpts.  U.  S.  Geog.  and  Geol.  Survey  Terr.,  1867,  1S<»8,  and  1869,  p.  175. 

h  Ann.  Rept.  Chief  of  Engineers  for  1874,  Appendix  FF,  p.  127. 

•  Aim.  Rept.  U.  8.  Geol.  and  Geog.  Survey  Terr.,  1875,  pp.  149,  222. 
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mile,  but  shifts  to  the  south.  Toward  the  west  edge  of  the  mesa  the 
high  points  are  composed  of  igneous  rocks  projecting  through  the 
sands.  Within  200  yards  of  the  igneous  rock  the  sandsUme  becomes 
more  and  more  bowldery,  until  in  the  immediate  nei^bcM^iood  of  the 
igneous  rock  it  is  composed  almost  exclusively  of  bowlders  and  all 
stratification  is  lost.  The  igneous  rock  has  not  been  intruded  into 
the  sandstone,  for  the  contact  is  everywhere  such  as  would  result 
from  the  deposition  of  the  sandstone  upon  a  surface  that  had  been 
subject  to  subaerial  weathering.  Distinguishing  these  beds  from 
Tertiary  lake  beds  under  the  iq)pelIation  ''compact  drift/'  Endlich 
correlated  them  with  the  valley  glacial  drift  of  the  Sangro.de  Cristo 
Range,  though  believing  them  to  belong  to  an  early  stage  of  the 
glaciation.  Ilayden  referred  them  to  the  Santa  Fe  formation,  and 
the  present  writer  coincides  in  that  correlation. 

Another  occurrence  of  the  older  material  is  in  the  great  sand  dunes 
west  of  Mosca  Pass.  Endlich  ^  regarded  the  dunes  as  of  recent 
origin  and  derived  from  the  drifting  sands  of  the  valley,  but  Hay  den  ^ 
referred  them  to  the  Santa  Fe  formation.  For  the  reasons  given  on 
page  48,  Hayden's  is  regarded  as  the  true  interpretation. 

No  fossil  remains  are  known  to  have  been  found  in  the  Santa  Fe 
formation  within  the  limits  of  the  San  Luis  Valley,  its  age  determina- 
tion depending  upon  localities  farther  south  in  the  Rio  Grande 
valley. 

ALAMOSA  FORMATION. 

To  the  younger  upper  series  of  blue  clays  with  interstratified 
water-bearing  sand  beds,  which  occupy  the  bottom  of  the  valley 
proper,  the  name  Alamosa  formation  has  been  given,*  from  the  town 
of  that  name  near  the  center  of  the  valley. 

The  low  relief  of  the  valley  r^on  renders  natural  exposures  of  the 
Alamosa  formation  very  scarce,  the  best  one  being  afforded  by 
Hansen  Bluff  (PI.  VII,  B)  on  the  east  bank  of  the  Rio  Grande, 
nearly  east  of  the  Peter  Hansen  ranch  house. 

Section  of  Alamoda  formation  in  Hansen  Bluff, 
Recent:  F«t. 

Gravelly  slope 4 

Conglomerate,  indurated  sandy  clay  matrix 4 

Alamosa  formation: 

Fine  gravel  and  sand,  loose 3| 

Fine-grained  reddish  sand 2) 

Black  and  red  sand J 

Drab  joint  clay,  with  a  great  many  white  indurated  nodules 1 J 

Coarse  indurated  sand  and  small  quartz  pebbles 4 

a  Add.  Rept.  U.  8.  Geol.  and  Geog.  Survey  Terr.,  1875,  p.  143. 
h  First.  Second,  and  Third  Ann.  RepU.  U.  8.  Geol.  and  Geog.  Surrey  Terr.,  p.  176. 
e  Siebenthal,  C.  E.,  The  San  Luis  Valley,  Colorado:  Science,  new  series,  vol.  31,  No.  802  (May  31, 1910), 
pp.  744-746. 
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A.     BUCHER  WELL. 


B.     HANSEN   BLUFF. 
Showing  stratigraphy  of  the  Alamosa  formation. 
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AlanKMA  foniiatioii--Oontiniied.  PMt. 

Buff  to  light-drab  sandy  clay lOJ 

Fine  and  coarae  sand  in  laminn 5) 

Olive-green  sandy  joint  clay,  with  shells 2 J 

Banded  drab  sand,  with  clay  pockets 1 

Fine  and  coarae  pebbly  sand  in  indurated  lamince 4) 

Loose  black  sand IJ 

Fine  banded  clayey  sand 1 J 

Coarse  sand  and  clay,  with  quartz  pebbles 2} 

Debris  slope  to  river 12 

61J 

The  following  well  section  at  Alamosa  will  illustrate  this  formation 
to  a  depth  of  725  feet: 

Sectum  of  Alamoia  formation yf torn  record  of  Spritsterbach  well. 


Reeent: 

Soil  And  cUy 

Coarae  mumI 

AJunoaa  fonnaUoo: 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Oay 

Sand 

Clay 

Sand 

Clay 

Lumpy  black  day . . 

Clay 

Sand  (flnt  flow) 

Clay 

Sand  (Moond  flow). . 

Very  hard  clay 

Sand  (third  flow)... 

Hard  clay 

Very  soft  aaody  day 

Hard  clay 

Sand  (fourth  flow).. 

Hard  day 

Sand  (fifth  flow).... 

Hard  clay 


Tbick- 


Feet. 


.?! 


6 

6 

3 

4 

5 

11 

3 

17 

1 

23 

4 

113 

4 

249 

7 

90 

13 

20 

60 

6 

30 

14 

13 

2 


Depth. 


Fett. 

.? 

21 

27 

33 

36 

40 

45 

56 

50 

76 

77 

100 

104 

217 

221 

470 

477 

667 

580 

GOO 


606 
710 
723 
725 


It  is  more  than  likely  that  minor  alternations  of  sand  and  clay  below 
a  deptii  of  100  feet  have  not  been  taken  into  account  in  the  record 
above.  The  following  log  of  a  well  on  the  ranch  of  Mr.  D.  E.  New- 
c<Mnb  in  the  SW.  i  sec.  22,  T.  36  N.,  R.  10  E.,  will  illustrate  this  point: 

Section  of  Alamosa  formation^  from  record  of  well  on  D.  E,  Newcomb*s  randi. 


Thick- 
neas. 


Depth. 


Sou 

Oravd 

AfauDoea  fonnatlon: 

Light  day 

CkwTM  dark  aaod, 

BritUeday 

Bhieday 

riDcdfty , 


Feet. 

14 
8 

30 
11 

4 
11 

14 


Feet, 
14 
22 

62 
63 
67 
78 
701 
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Section  of  A  lamosa  formation  Jrom  record  of  well  onD.E,  Newcomb't  ranch — Continued . 


Alamosa  formation— <^otlDued. 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Blue  clay 

Sand 

Clay 

Sand  (stronR  flow) 

Hard  blue  clay 

Sand  (flow) 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

.  Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Red  clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand  (flow ) 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Gravel 

Sand 


Thlck- 


Feet. 


1 

4 

14 

S' 

i' 
^i 

3 
4 

6  I 
2  I 

7  ■ 
1 

9  , 
5  I 
5 
5 

10 
12 

I 

2 

2 

7 

2 

7 

3 

9 

3 

1 

1 

1 

7 

5 

5 

3 

1 

7 

3 

5 

2 

1 

2 

2 
12 

3 

4 
14 

2 

1 

7 

5 

3 

2 

2 

3 

6 

2 

3 

5 

\ 

3 
6 


Deptli. 
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This  well,  with  over  eighty  changes  in  the  character  of  material 
penetrated  in  less  than  400  feet,  will  show  the  impossibility  of  corre- 
lating the  well  records  one  with  another  or  of  constructing  any 
other  than  an  ideal  section  of  the  valley.  The  multiplicity  of  wells 
in  the  valley,  the  rapidity  and  monotony  of  changes  in  the  formation, 
and  the  short  time  involved  in  sinking  the  average  well  combine  to 
discourage  the  systematic  preservation  of  well  records.  Only  occa- 
sionally, when  the  person  having  the  well  sunk  is  especially  interested, 
is  there  any  record  kept.  Most  drillers  in  the  valley  are  perfectly 
acquainted  with  their  particular  field  and  know  beforehand  at  what 
depth,  within  a  narrow  margin,  the  desired  flows  will  be  found. 
Several  wells  are  deeper  than  the  Spriesterbach  well,  but  there  is  only 
one  other  deep  well  with  an  accurately  kept  record.  The  Bucher 
well  at  Alamosa  is  over  1,000  feet  deep,  the  Denver  and  Rio  Grande 
Railroad  well  at  MoflFat  is  1,045  feet  deep,  and  the  *^oil  well"  east  of 
Mosca  is  1,283  feet  deep,  and  several  others  are  over  1,000  feet,  but 
of  these  there  is  a  record  only  of  the  '^oil  well,''  which  is  as  follows: 

Section  of  Alamosa  formation,  from  log  of  well  No.  1,  Chicago  and  San  Luis  Oil  Company, 
SW.i  SE.  i  sec,  5,  T.  J9  N,  R.  11  E. 


Thick- 
ness. 


Depth. 


Recent: 

Sud  and  clay 

Alamosa  formation: 

Blue  clay 

Black  sand 

Fine  sand  and  clay 

Bhie  clay 

Bine  clay  and  fine  sand  (water,  small  flow) 

Blue  clay  (more  water,  some  gas) 

Fine  wmte  sand  (more  water,  some  gas) 

Hard  blue  clay ^ 

Band,  with  bones  aad  shells  (flow  of  gas) 

(31ay  shale 

Pine  sand 

Fine  green  sand 

Clay  shale,  hard,  with  plentiful  shells  (gas  increasing) . 

Blue  clay  and  sand  (strong  water,  with  gas) 

Blue  sand  (strong  water,  with  gas) 

Black  sand  (strong  water,  with  gas) 

Hard  clay  (strong  water,  with  gas) 

Hard  clav,  streaks  of  sand  (strong  water,  with  gas) 

Clay  shale  (strong  water,  with  gas) 

Clay  and  sand  (strong  water,  with  gas) 

Hard  blue  shale,  shells  and  moss 

Softer  blue  shale 

Harder  blue  shale 

Blue  shale 

No  record 


Feet. 
30 
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16 

41 

5 

148 

125 
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25 

20 

5 

42 

108 

53 

42 

26 

84 

81 

7 

111 

72 

68 

45 

12 


FeeL 
30 

34 
60 
91 
96 
244 
369 
377 
386 
392 
417 
437 
442 
484 
(i82 
735 
777 
803 
887 
968 
975 
1,086 
1,158 
1,226 
1,271 
1,283 


The  foregoing  sections  display  as  well  as  possible  the  constitution 
of  the  Alamosa  formation.  Its  contact  with  the  underlying  Santa  Fe 
formation,  though  nowhere  exposed,  is  readily  shown  to  be  one  of 
unconformity.  Some  of  the  deeper  flowing  wells  to  the  southwest 
end  in  what  is  called  the  gravel  flow,  beyond  which  the  drilling  ma- 
chines used  in  the  valley  are  not  able  to  go.  Still  farther  south 
and  west,  outside  of  the  limit  of  flowing  wells,  there  are  a  number 
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of  wells  which,  after  passmg  through  the  series  of  clay  and  sand  beds 
and  a  basal  gravel  bed,  penetrate  a  sheet  of  lava,  below  which  various 
gravel  and  pumice  beds  are  found.  Without  question  the  lava  and 
the  beds  beneath  it  belong  to  the  Santa  Fe  formation.  The  wells  of 
which  there  are  records  are  too  widely  scattered  to  show  whether  the 
lava  sheet  has  an  erosional  configuration  or  not,  but  near  the  point 
where  the  Rio  Grande  enters  the  San  Luis  Hills  the  Alamosa  forma- 
tion abuts  against  the  lavas  of  those  hills  at  the  surface  and  presum- 
ably against  the  gravel  beds  of  the  Santa  Fe  formation  beneath  the 
surface.  So,  too,  the  topography  exhibited  by  the  foothills  of  the 
Culebra  Range,  composed  as  they  are  of  the  Santa  Fe  formation,  is  of 
a  much  older  type  than  that  of  the  Alamosa  formation. 

Though  it  is  impossible  to  correlate  well  sections  that  are  any  great 
distance  apart,  or  to  trace  any  stratum  of  clay  or  sand  from  point  to 
point,  nevertheless  the  experience  of  drillers  is  that  the  ** first  flow" 
(and  by  inference,  the  successive  lower  flows)  in  any  neighboriiood 
is  found  at  very  near  the  same  horizon  or  depth,  graduaUy  increasing 
in  depth  toward  the  center  of  the  valley.  For  instance,  the  first  flow 
in  the  region  of  Monte  Vista  is  at  about  100  feet,  near  Parma  175  feet, 
and  at  Alamosa  about  250  feet.  Between  Center  and  Hooper  the 
first  blue  clay  is  struck  at  about  80  feet  along  the  entire  distance.  At 
Center  the  first  flow,  a  very  small  one,  is  found  at  155  feet,  at  Gamett 
the  first  flow  is  at  about  175  feet,  and  at  Hooper  and  Mosca  at  about 
200  feet.  That  the  uppermost  water-bearing  bed  is  covered  by  a 
stratum  of  clay  persisting  from  the  center  of  the  valley  to  the  receiving 
area  in  the  graveUy  alluvial  slope  at  the  edge  of  the  valley  is  likewise 
indicated  by  the  fact  that  the  water  is  not  alkaline.  If  the  bed  came 
to  the  surface  anywhere  inside  the  irrigated  area  of  the  valley,  it 
would  necessarily  absorb  more  or  less  alkali  from  the  imgating  waters. 
Even  in  the  Mosca-Hooper  district,  where  the  tinted  deeper  waters 
are  highly  alkaline,  the  uppermost  flow  is  clear  and  potable. 

The  cross  section  in  figure  3,  though  largely  ideal,  is  based  upon 
all  the  data  available.  A  fact  that  comes  out  in  the  construction  of 
this  section  is  that  wells  near  the  center  of  the  basin  show  heavy 
clay  beds  and  fewer  aquifers;  that  wells  nearer  the  margin  of  the 
valley,  but  not  too  close  to  it,  show  thinner  clay  beds  and  more 
aquifers;  whereas  wells  at  the  limit  of  the  flowing-well  area,  or  out- 
side that  line,  show  but  few  and  thin  beds  of  clay,  with  sand  largely 
predominating.  This  is  but  an  expression  of  the  physical  limitation 
of  sedimentation.  Sand,  being  coarser  and  heavier  thim  clay,  would 
be  expected  to  constitute  the  bulk  of  the  deposits  near  shore — that  is 
to  say,  near  the  edge  of  the  valley — while  the  finely  divided  clays 
would  make  up  the  greater  volume  of  the  formation  in  the  center  of 
the  valley.  Beds  of  sand,  thinning  toward  the  center  of  the  valley, 
pinch  out  before  reaching  that  region,  and  beds  of  clay  thin  out  before 
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reaching  the  margin  of  the  basin.  Thus 
the  region  where  both  clay  and  sand 
beds  exist  in  greatest  number  is  a  band 
of  indefinite  width  which  circles  the 
basin  some  distance  inside  the  margin 
of  the  flowing- well  area.  These  features 
are  shown  in  the  diagram  (fig.  4).  If  it 
be  argued  that  the  lower  aquifers,  hav- 
ing the  heaviest  pressure,  must  be  con- 
fined by  clay  beds  which  extend  farther 
up  the  alluvial  slope  in  the  region  of  in- 
take, it  should  be  remembered  that  the 
pressiure  where  the  wells  are  numerous 
is  dependent  largely  on  their  nimiber. 
The  deeper  the  aquifers  the  fewer  are 
the  wells  that  reach  them.  Of  two 
aqtufers  drawing  from  a  common  bed  of 
sand  in  the  marginal  region,  and  divided 
by  a  clay  septum  only  part  way  back 
from  the  wells,  and  hence  theoretically 
with  identical  pressures,  the  lower  one 
will  nevertheless  exhibit  the  higher  pres- 
sure if  the  upper  one  is  more  drawn 
upon  by  wells. 

Attention  has  been  called  to  the  great 
development  of  alluvial  fans  and  slopes 
about  the  sides  of  the  valley.  The  great 
Rio  Grande  fan  occupies  a  fourth  or 
more  of  the  whole  extent  of  the  valley 
bottom.  From  the  figures  which  have 
been  given  of  the  depth  to  the  first  flow 
at  various  points  6n  this  fan  it  Is  evi- 
dent that  the  configuration  of  the  up- 
permost aquifer  agrees  closely  with  the 
surface  of  the  fan,  at  least  within  the 
limits  of  the  artesian  basin .  The  forma- 
tion of  the  fan  up  to  the  horizon  of 
the  upper  water-bearing  sand  must 
therefore  have  gone  on  step  for  step 
with  the  deposition  of  the  Alamosa 
formation.  In  other  words,  the  flat 
alluvial  fan  of  the  Rio  Grande,  with 
the  exception  of  the  gravel  veneer, 
is  of  sublacustrine  deposition,  and  the 
fans  of  the  other  streams  on  the  west 
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side  of  the  valley  are  largely  of  the  same  origin.  The  persistency  and 
continuity  of  the  thin  beds  of  sand  and  clay  making  up  the  Alamosa 
formation  show  that  this  deposition  was  in  the  quiet  water  of  the 
lake  at  some  distance  from  the  mouths  of  the  streams.  Near  the 
stream  mouths  the  sedimentation  would  naturally  take  on  the  shifting 
character  of  delta  formation.  If  sediments  of  this  character  occur  in 
the  Alamosa  formation,  they  are  to  be  expected  in  the  highest  part 
of  the  fans  and  on  the  border  of  the  artesian  basin. 

Though  it  does  not  exhibit  the  close  relation  of  topography  and 
structure  shown  by  the  Rio  Grande  fan,  the  alluvial  slope  along  the 
west  base  of  the  Sierra  Blanca  is  nevertheless  shown,  by  the  occur- 
ence of  artesian  water  well  up  the  slope,  to  be  made  up  of  the  alter- 
nating clays  and  sands  of  the  Alamosa  formation.  Aside  from  a 
certain  lack  of  correspondence,  as  shown  by  the  topographic  map, 
between  the  topography  and  the  limit  of  the  flowing-well  area,  there 
is  no  apparent  reason  for  distinguishing  between  the  age  of  the  fans 
and  that  of  deposits  of  the  valley  proper.  The  deposit  of  gravel  that 
veneers  the  upper  portion  of  the  alluvial  fans  and  slopes  is  probably 
more  recent  than  the  body  of  the  fans.     The  section  (fig.  3)  and  the 


Sand 
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Figure  4.— Diagram  to  illustrate  the  structure  of  the  artesian  basin  and  the  alluvial  slope  and  to  indicate 
the  relation  of  the  glacial  moraines  to  the  slope. 

diagram  (fig.  4)  illustrate  how  the  glacial  moraines  of  the  Blanca 
Mountains  are  superposed  upon  the  crests  of  the  fans,  which  are  thus 
plainly  shown  to  antedate  the  ice  period.  The  moraine  of  Zapato 
Creek  is  especially  well  calculated  to  bring  out  this  relation,  because, 
as  explained  on  a  previous  page,  almost  all  the  postglacial  erosion 
of  Zapato  Creek  has  been  limited  to  the  north  edge  of  the  fan,  leaving 
the  front  of  the  moraine  surmounting  the  alluvial  fan,  practically  as 
it  was  disposed  by  the  advancing  ice  tongue. 

The  age  of  the  Alamosa  formation  is  thus  seen  to  be  preglacial  and 
post-Miocene.  From  the  Santa  Fe  formation  it  was  separated  by  a 
period  of  deformation,  which  was  followed  by  the  outpouring  of  an  ex- 
tensive series  of  extrusive  lavas,  followed  in  turn  by  an  erosion  interval 
of  unknown  duration.  On  the  other  hand,  there  was  apparently  no 
break  in  sedimentation  and  no  erosion  interval  between  the  deposition 
of  the  Alamosa  formation  and  the  glacial  occupation,  which  was  here 
rather  late  in  the  Pleistocene.  The  logical  inference  from  this  is  that 
the  formation  is  of  late  Pliocene  or  early  Pleistocene  age. 
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As  noted  in  the  section  of  Himsen  Bluff  on  a  preceding  page,  the 
stratum  of  olive-green  clay  yielded  a  great  number  of  shells.  These 
were  referred  to  Dr.  W.  H.  Dall,  who  gives  the  following  Ust  of  forms: 

Planorbis  parvus  Say.  I  L3nnn8Ba  desidiosa  Say. 

Planorbia  trivolvis  Say. '  I  Valvata  lewisii  Currier. 

Occurring  with  these  forms  are  coimtless  numbers  of  minute  valves 
of  an  entomostracan  not  identified. 

Shells  similar  to  these  are  reported  as  brought  up  in  drillings  all 
over  the  valley.  Small  hollow  white  bones,  also  brought  up,  are 
usually  referred  to  as  '*fish  bones"  or  '^bird  bones."  Bits  of  wood, 
rootlets,  leaves,  seeds,  and  peaty  moss  are  reported  from  all  over  the 
valley,  particularly  from  the  Mosca-Hooper  district,  which  yields  the 
tinted  water. 

The  species  enumerated  above  are  all  fresh-water  forms,  and  while 
such  an  assemblage  has  in  general  been  referred  to  the  Quaternary, 
it  may  equally  well  be  referred  to  the  Pliocene  and  thus  offer  no 
inherent  objection  to  the  classification  of  the  Alamosa,  on  strati- 
graphic  groxmds,  as  either  late  Pliocene  or  early  Pleistocene. 

QUATERNARY  DEPOSFTS. 

The  Recent  deposits  of  the  valley  comprise  sand  dimes,  alluvial 
fans,  alluvium,  and  alkaU-lake  deposits. 

SAHD  DXnfZS. 

Incipient  dunes  occur  all  over  the  valley,  gathering  behind  cliunps 
of  brush,  fence  rows,  or  whatever  else  offers  a  wind-break.  A  par- 
ticularly sandy  area  with  many  small  dunes  lies  south  of  the  Rio 
Grande  between  Alamosa  and  Parma  station.  Another  area  Ues 
between  Alamosa  and  Mosca,  extending  northeastward  in  the  direc- 
tion of  San  Luis  Lake.  The  trough  of  the  valley  from  the  railway 
near  Washington  Springs  northward  to  Dune  station  is  one  succes- 
sion of  small  brush-crowned  hillocks  with  interspersed  bare  places. 
The  latter  in  the  wet  season  become  the  sites  of  ponds  and  lakelets. 
Each  small  lake  has  an  embankment  on  the  north  and  east  shores  as 
a  result  of  the  lodgment  in  the  vegetation  there  of  sand  picked  up 
by  the  prevailing  southwest  wind  in  its  clear  sweep  across  the  dry 
bed  and  shores  of  the  lake.  The  San  Luis  Lakes  have  such  embank- 
ments 20  feet  high  and  the  Russell  Lakes  have  them  in  proportion. 
The  alluvial  slope  at  the  west  base  of  the  Sangre  de  Cristo  Range  has 
much  drifting  sand  and  many  incipient  dunes  scattered  from  Zapato 
Creek  as  far  north  as  San  Isabel  Creek. 

The  great  development  of  sand  dunes,  however,  is  between 
Medano  and  Sand  creeks,  where  an  area  of  over  40  square  miles  is  a 
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solid  expanse  of  dunes,  some  of  which  reach  great  size,  as  shown  in 
Plate  VIII.  These  dunes  consist  of  rather  coarse  white  quartzitic 
sand  with  which  is  mixed  a  varying  proportion  of  darker  and 
heavier  sand,  the  latter  consisting  largely  of  magnetite,  with  pre- 
sumably a  proportion  of  those  rare  earths  ordinarily  found  in  black 
sands.  Several  attempts  have  been  made  at  placer  mining  in  the 
area  but  are  reported  as  having  been  given  over  on  account  of  the 
difficulty  in  bringing  water  to  the  deposits.  Assays  are  reported  to 
have  shown  the  darker  sands  to  be  high  in  auriferous  magnetite.  Be 
that  as  it  may,  it  seems  imdeniable  that  the  sands  of  the  dime  area 
contain  a  larger  proportion  of  the  heavier  material  than  the  sand  of 
the  valley. 

Hayden,  as  noted,  classed  the  dunes  as  a  renmant  of  the  Santa  Fe 
formation.  Endlich^  advanced  the  theory  that  the  sand  came 
across  the  valley  from  the  mountains  on  the  southwest,  being  driven  to 
its  present  locality  by  the  prevailing  southwest  winds,  and  that  it  was 
especially  collected  in  the  reentrant  angle  in  the  mountain  front  near 
Mosca  Pass  as  an  eflfect  of  eddying  currents  in  the  winds,  caused  by 
the  low  gaps  in  the  moimtains  near  this  point. 

That  the  sands  of  the  valley  are  shifting  northeastward  under  the 
influence  of  the  winds  is  shown  by  the  long  sandy  area  along  the 
western  alluvial  slope  of  the  Sangre  de  Cristo  Range  and  by  the 
embankments  of  sand  on  the  north  and  east  shores  of  the  lakes  and 
ponds.  That  the  accumulations  of  the  great  dune  area  are  so  derived 
is  open  to  question.  It  has  been  pointed  out  that  the  sand  of  the 
dune  area  averages  much  heavier  than  that  of  the  valley  in  general. 
In  acciunulations  under  such  wind  transportation  and  sorting,  the 
reverse  would  occur.  It  seems  much  more  reasonable  to  conclude 
with  Hayden  that  there  was  here  a  remnant  of  the  Santa  Fe  forma- 
tion, without  the  protection  of  interbedded  or  overcapping  lavas, 
which  has  been  broken  down  by  the  winds,  and  its  sands,  whipped 
now  forward  and  now  backward,  possibly  augmented  by  contribu- 
tions from  the  valley,  have  been  built  up  into  the  dunes  we  now  see. 

ALLWIAL  FAV8. 

It  has  already  been  shown  that  the  alluvial  fans  and  slopes  were 
essentially  completed  in  preglacial  time  and  that  they  are  prob- 
ably Pliocene  or  early  Pleistocene  in  age.  But  over  their  surface  is 
a  covering  or  veneering  of  gravel  which  must  have  been  largely 
increased  in  glacial  time  and  since. 

In  the  description  of  the  topography  of  the  valley  (p.  11)  reference 
was  made  to  low  bluffs  or  terraces,  not  now  adjacent  to  streams, 
which  were  explained  as  old  courses  of  the  streams  or  their  distribu- 
taries abandoned  in  their  wanderings  over  the  alluvial  fans.     These 

a  Ann.  Rept.  U.  8.  Qeol.  and  Oeog.  Survey  Terr.,  1875»  p.  143. 
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and  the  configuration  of  the  fan  itself  seem  to  have  been  interpreted 
by  various  writers  as  due  to  former  courses  of  the  Rio  Grande.  Car- 
penter "  alludes  to  the  ''ancient  course"  of  the  Rio  Grande,  but  does 
not  locate  it  on  the  accompanying  map.  Hinton  ^  describes  and 
maps  the  old  course  as  leaving  the  present  river  above  Del  Norte, 
skirting  the  foothills  vdth  a  due  northeast  course  to  the  trough  of  the 
valley,  which  it  followed  southward,  uniting  with  the  present  course 
of  the  Rio  Grande  near  Hansen  Bluff.  The  course  northeast  from 
Del  Norte,  as  outlined  on  the  map,  corresponds  to  the  north  edge  of 
the  Rio  Grande  alluvial  fan.  Doubtless  the  Rio  Grande  or  some 
distributary  in  times  past  took  the  course  along  the  north  edge  of  the 
fan,  just  as  the^  river  at  present  occupies  a  course  along  the  south 
edge  of  the  fan,  and  just  as  it  must  have  occupied  all  the  intervening 
territory,  wandering  backward  and  forward  across  it.  In  this  way 
it  must  have  deposited  the  gravel  and  sandy  covering  of  the  fan,  in 
the  fashion  which  may  be  seen  after  a  shower  where  a  gully  in  a  steep 
slope  strikes  a  more  level  space  and  the  streamlet  drops  part  of  its 
load  and  builds  up  a  Uttle  alluvial  fan.  But  a  wrong  impression  is 
conveyed  by  alluding  to  it  as  ''the"  former  course  if  that  is  meant  to 
imply  that  the  Rio  Grande  has  had  but  two  courses,  that  one  and  the 
present  one. 

Endlich^  outlines  a  former  course  of  the  Rio  Grande,  leaving  the 
present  course  of  that  river  3  miles  above  Alamosa,  circling  north  of 
Washington  Springs,  crossing  the  railroad  near  Baldy  station,  crossing 
Trinchera  Creek  south  of  that  station,  crossing  the  Rio  Culebra  about 
6  miles  west  of  San  Luis,  and  rejoining  the  present  course  some  15 
miles  below  the  New  Mexico  line.  A  glance  at  the  topographic  map 
will  show  the  utter  improbability  of  this  supposition.  Baldy  station 
is  60  feet  higher  than  the  point  on  the  river  where  the  old  course  is 
supposed  to  leave  and  the  divide  south  of  Trinchera  Creek  is  50  feet 

higher  still. 

ALLxrvnnc. 

Alluvial  bottoms  occur  along  the  Rio  Grande  and  its  various  tribu- 
taries as  well  as  along  the  other  streams  which  enter  the  valley  but  do 
not  reach  that  river.  The  width  of  the  alluvium  along  the  Rio  Grande 
varies  from  1  to  2  miles,  with  here  and  there  reaches  of  gravelly  and 
sandy  loam.  The  habit  of  the  smaller  streams  to  divide  into  distribu- 
taries reuniting  again  lower  down,  forming  "sloughs^*  or  "bayous/* 
has  a  tendency  to  make  the  alluvial  areas  of  those  streams  wider  than 
they  would  otherwise  be. 

•Bull.  Colondo  Agr.  Coll.  Exper.  Sta.  No.  16,  p.  18. 

^Report  on  irrigatioQ  and  the  cultivation  of  the  soil  thereby:  Sen.  Ex.  Doc.  No.  41,  52d  Cong.,  1  sess., 
Pt.l,p.l51. 
c  Ann.  Kept.  U.  8.  Geol.  and  Oeog.  Survey  Terr.,  1875,  pp.  147, 148. 
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ALKAU-LAKB  DBP08IT8. 

There  are  many  small  ponds  over  the  valley  which  in  the  dry  season 
are  pretty  well  saturated  with  alkali,  exhibiting  a  white  crust  along 
the  shore  and  upon  any  object  projecting  above  the  surface  of  the 
water,  but  in  the  SW.  {  SW.  J  sec.  30,  T.  40  N.,  R.  12  E.,10  miles  east- 
southeast  of  Hooper,  there  is  a  small  lake  about  an  acre  in  extent 
which  is  practically  solid  crystallized  sodium  carbonate.  The  lake 
has  the  appearance  of  being  frozen  and  covered  vdth  a  thin  fall  of 
drifted  snow.    A  view  of  it  is  shown  in  Plate  IV,  B, 

This  deposit  has  been  examined  by  Dr.  Herman  Fleck,  of  the  Colo- 
rado School  of  Mines,  and  from  his  report  the  following  facts  are  taken 
by  the  courtesy  of  Mr.  Mark  Woodruff,  receiver  of  Colorado  state  lands: 
The  soda  is  quite  pure,  except  for  a  certain  amount  of  dust,  including 
some  organic  matter,  blown  into  the  deposit  by  the  wind  and  amount- 
ing in  the  average  sample  to  about  15  per  cent.  The  average  thickness 
of  the  soda  is  about  18  inches,  with  a  maximum  of  30  to  48  inches,  and 
it  is  estimated  that  4,000  tons  of  soda  remains  in  sight  in  the  lake. 
About  500  tons  has  been  raised  and  shipped.  As  the  soda  was  re- 
moved, the  space  filled  with  the  mother  liquor,  from  which  soda  is 
again  crystallizing.  How  long  this  would  continue  and  to  what  extent 
solid  soda  exists  beneath  the  surface  are  questions  as  yet  unanswered. 
The  soda,  though  originally  derived  by  solution  from  the  crystalline 
rocks  of  the  mountains,  probably  has  its  immediate  origin  in  the  clays 
and  soils  of  the  valley,  from  which  it  has  been  leached  and  concen- 
trated, as  are  the  alkali  crusts  that  trouble  the  farmer.  The  reason 
^for  the  especially  strong  condensation  at  this  single  point  probably 
lay  in  some  topographic  relation  now  altered  and  concealed  by  the 
shifting  dunes  of  this  portion  of  the  valley. 

W.  P.  Headden*  has  also  examined  the  soda  lake  and  made 
analyses  of  the  deposit  and  the  mother  liquor,  of  the  surface  water  and 
alkali  incrustations,  and  of  the  tinted  alkaline  artesian  waters  of  the 
Mosca-Hooper  district.  He  found  that  the  mother  liquor  of  the  soda 
lake  and  the  tinted  artesian  waters  have  the  alkalies  and  other  ele- 
ments in  coDMnon  and  in  like  proportion,  diflFering  in  those  respects 
from  the  surface  waters  and  the  alkali  incrustations.  He  concludes 
that  the  soda  deposits  have  been  derived  in  some  way  from  the  tinted 
artesian  waters. 

GEOLOGIC  HISTOBY  OP  THE  SAN  LTHS  VAULEY. 

The  area  occupied  by  the  San  Luis  Valley  was  originally  included 
in  the  eastern  portion  of  the  Sawatch  land  mass,  the  eastern  shore  line 
of  which  corresponded  in  position  to  the  Sangre  de  Cristo-Culebra  axis. 
Upon  this  shore  line,  through  Paleozoic  and  Mesozoic  time,  had  been 

a  Am.  Jour.  Sci.,  4th  ser.,  vol.  27,  1909,  pp.  306-315. 
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deposited  great  thicknesses  of  limestones,  sandstones,  and  conglom- 
erates. As  in  other  places  where  a  shore  line  received  heavy  deposits, 
it  became  a  line  of  weakness,  and  succumbing  to  the  pressure  was 
folded  by  stages  into  the  towering  Sangre  de  Cristo  and  Culebra 
ranges.  C!orrelated  with  the  uplift  of  the  range  was  a  depression  of 
the  valley  iq)parently  either  by  a  sjoiclinal  fold,  or  by  a  great  fault 
along  the  west  border  of  the  range,  or  more  probably  by  a  combina- 
tion of  the  two.  The  details  of  the  time  and  the  stages  of  this  sequence 
of  events  must  wait  for  final  solution  until  the  geology  of  the  east  and 
west  ranges  is  more  intimately  known.  Interesting  discussions  of  the 
orogriq)bic  development  of  the  Rocky  Mountains,  incidentally  dealing 
with  the  history  of  the  San  Luis  Valley  region,  have  been  given  by 
S.  F.  Enmions  and  R.  C.  Hills  (see  bibUography,  p.  8),  to  whose 
pi^rs  the  reader  is  referred. 

The  first  stage  in  the  history  of  the  valley  of  which  any  record 
is  left  in  the  formations  of  the  area  is  the  period  when  the  depo- 
sition of  the  Santa  Fe  formation  began.  At  this  stage  the  depres- 
sion consisted  of  a  broad  valley  limited  by  the  Sangre  de  Cristo  and 
Culebra  ranges  on  the  east  and  probably  extending  considerably 
farther  westward  than  the  limits  of  the  present  valley.  This  depres- 
sion opened  to  the  south  along  the  valley  now  occupied  by  the  Rio 
Orande.  In  this  depression  in  late  Miocene  time  there  was  laid 
down  the  succession  of  sands,  conglomerates,  tuffs,  andesites,  and 
basalts  which  make  up  the  Santa  Fe  formation.  At  the  close  of 
deposition  the  valley  probably  presented  the  appearance  of  a  bolson 
vdley  sloping  to  the  center  from  the  height  of  the  San  Pedro  Mesa, 
the  Garland  Mesas,  and  the  great  sand  dunes  on  the  east  side  of  the 
valley,  and  from  well  up  on  the  range  on  the  we^t  side  of  the  valley. 
From  vents  around  the  west  and  south  margins  of  the  valley  that  had 
furnished  the  flows  interbedded  with  the  sands  and  conglomerates 
there  was  poured  out  on  this  plain  a  sheet  of  dark  andesitic  lava,  which 
covered  the  deposits  on  the  west  side  and  over  the  whole  south  half  of 
the  valley  but  did  not  reach  those  on  the  east  side  of  the  valley  north 
of  Fort  Garland.  Succeeding  this  flow  there  was  apparently  a  down- 
warping  of  the  central  valley,  with  faulting  in  a  northeast-southwest 
direction  in  the  vicinity  of  the  northwest  face  of  the  San  Luis  Hills, 
the  downthrow  being  to  the  northwest  and  carrying  the  top  of  the 
Santa  Fe  formation  to  a  depth  of  more  than  1,000  feet  in  the  center 
of  the  valley.  Accompanying  or  following  these  movements  was  an 
extrusion  of  the  basaltic  cones  and  table-top  mountains  which  com- 
pose the  San  Luis  Hills.  Presumably  at  this  time  also  occurred  the 
extrusion  of  those  masses  which,  as  Los  Mogotes  Peak,  Chiquita  Peak, 
and  other  prominent  points  and  cones  on  the  west  and  south  sides  of 
the  valley,  rise  above  and  apparently  through  the  Santa  Fe  formation; 
though  it  is  possible  that  these  points  mark  as  well  the  vents  through 
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which  have  come  some  of  the  interbedded  lavas  of  the  Santa  Fe  fomia- 
tion. 

In  the  depression  caused  by  the  down  warping  in  the  center  of  the 
valley  there  was  formed  an  extensive  fresh-water  lake,  in  which  was 
deposited  the  series  of  sands  and  clays  that  make  up  the  Alamosa 
formation.  On  page  81  it  is  shown  that  this  sedimentation  was  inter- 
rupted by  arid  periods,  when  the  lake  shrank  to  a  small  size,  was 
more  or  less  alkaline,  and  supported  considerable  vegetation,  princi- 
pally moss.  These  deposits  of  alkali  and  organic  matter,  covered  by 
later  beds  of  clay  and  sand,  are  the  source  of  the  gas  and  the  color 
of  the  tinted  waters  of  the  Mosca-Hooper  district  (pp.  81-82). 

So  far  as  may  be  seen,  no  change  in  the  attitude  of  the  valley 
has  ensued  since  the  close  of  deposition  of  the  Alamosa  formation. 
When  the  trough  of  the  valley  had  been  filled  with  that  series  of 
sands  and  clays  to  the  height  of  Hansen  BluflF  the  overflow  of  the 
lake  in  which  they  were  deposited  had  cut  down  the  outlet  through 
the  San  Luis  Hills  south  of  Los  Sauces  village  nearly  to  the  level  of 
the  bluflF,  and  the  drawing  oflF  of  the  lake  followed.  Further  erosion 
has  cut  the  outlet  some  60  feet  deeper  and  carried  away  that  depth 
of  the  Alamosa  formation  along  the  Rio  Grande  adjacent  to  the 
bluflF. 

Nearly  one  hundred  years  ago  Jacob  Fowler,  trapper  and  ex- 
plorer, entered  the  San  Luis  Valley  from  the  south.  The  following 
excerpt  is  the  entry  made  in  his  journal  ^  on  the  evening  of  his  arrival 
in  the  valley.  The  lines  itaUcized  by  the  present  writer  show  how 
clearly   this   observant   trapper  grasped   the   character   and    later 

geologic  history  of  the  valley: 

monday  IStli  Feby  1822 
We  Sot  out  Early  up  the  River  and  at  about  12  milee  Came  to  the  upper  Eand  of  the 
High  Rocks  and  going  down  a  gradual  decent  three  or  four  Ilundred  yds  Came  to  a  low 
Bottom  on  the  River  the  Bank  being  low  not  more  than  six  or  Eight  [feet]  High  the  River 
butifull  and  a  bout  one  Hundred  yds  Wide — But  all  froeen  up  tite— We  Hears  got 
Watter  for  the  Horses— it  is  Heare  proper  to  Remark  that  the  River  as  far  as  We  Have 
Seen  it  pasing  down  betwen  the  High  Rocks  or  mountains — dose  not  move  in  a  very 
gentle  manner  as  It  appears  much  Impeded  by  the  Rocks  falling  from  Each  Side,  and 
is  forsed  forward  dashing  from  one  Rock  over  others  In  almost  one  Continued  foam  the 
Hole  distance  threw  the  mountains  WTiich  from  WTiat  I  Can  lam  is  about  seventy 
miles  When  it  appcerH  below  In  an  oppen  Cuntry — /  Have  no  doubt  hut  the  River  from 
the  Head  of  those  Rocks  up  for  about  one  Hundred  miles  Has  once  been  a  lake  of  about 
Jrom  forty  to  fifty  miles  Wide  and  about  two  Hundred  feet  deep — and  that  the  running 
and  dashing  of  the  Watter  Has  Woren  a  Way  the  Rocks  So  as  to  form  the  present  Chanel— 
We  this  day  Croeed  a  dry  Branch.  But  Have  not  Seen  one  Streem  of  Watter  In  all 
the  distance  We  Have  Came  up  on  the  [west]  Side  We  traveld  nor  Cold  our  Horses 
get  one  drop  of  Watter  in  all  that  distance  but  the  Eat  Snow  When  the  Cold  get  it. 

Stevenson  *  was  strongly  of  the  belief  that  "  the  whole  character 
here  seems  to  admit  of  no  inference  other  than  that  the  valley  is 

•  The  journal  of  Jacob  Fowlor,  1821-22,  edited  by  Elliott  Coues,  New  York,  1808,  pp.  112-114. 
»  Rept.  U.  8.  Oeog.  Surveys  W.  100th  Mer.,  vol.  3,  1876,  pp.  460,  4^2. 
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the  result  of  glacial  erosion.  *  *  "^  It  seems  not  impossible  that 
the  glacial  mass  was  of  equal  extent  (with  the  ancient  lake)  and  that 
in  its  retreat  it  delayed  for  a  time,  its  foot  occupying  the  line  marked 
by  the  abrupt  wall  forming  the  southern  boundary  of  the  present 
basin." 

Endlich"  rejected  this  view  and  maintained  that  the  eflfects  of 
glacial  modification  were  restricted  to  the  immediate  edges  of  the 
valley,  in  which  limitation  the  present  writer  fully  concurs.  It  has 
been  noted  in  the  preceding  pages  that  the  valley  glaciers  in  the 
eastern  range  reached  only  to  the  crests  of  the  alluvial  fans  and  that 
even  in  the  larger  streams  of  the  west  ranges  they  did  not  reach  that 
far.  If,  with  exceptionally  favorable  gathering  grounds  in  the  high 
Sangre  de  Cristo  Range,  the  valley  glaciers  no  more  than  reached  the 
upper  mai^in  of  the  alluvial  slope,  it  is  not  probable  that  a  great 
glacier  could  gather  in  the  valley. 

Since  the  draining  of  the  lake  in  which  the  Alamosa  formation  was 
deposited,  sedimentation  in  the  valley  has  been  limited  to  the  deposi- 
tion of  alluvium  along  the  valley  and  of  gravel  veneering  on  the  allu- 
vial cones  and  slopes.  On  the  whole,  the  amount  of  deposition  since 
the  glacial  period  seems  to  have  been  inconsiderable.  The  Zapato 
fan,  where  the  discharge  of  the  creek  has  been  confined  since  glacial 
time  to  the  north  edge,  has  received  no  perceptible  addition,  but 
rather  has  been  reduced  by  erosion. 

The  impression  prevails  locally  that  the  Sangre  de  Cristo  Range  is 
younger  than  the  mountains  west  of  the  valley.  This  impression 
has  probably  arisen  from  the  notion  that  the  level  valley  is  a  con- 
tinuation of  the  Great  Plains  east  of  the  Front  Range  of  the  Rocky 
Moimtains  and  that  the  oceanic  waters  which  deposited  the  plains 
formations  washed  the  base  of  the  western  ranges  until  the  Sangre  de 
Cristo  Range  was  upheaved  and  cut  the  valley  off  from  the  sea. 
Possibly  the  gentler  outline  and  older  aspect  of  the  western  ranges 
have  contributed  to  the  impression.  It  has  been  made  plain  in  the 
preceding  pages  that  the  western  ranges  adjacent  to  the  valley  are, 
in  part  at  least,  composed  of  the  youngest  formation  but  one  in  the 
region,  and  that  this  was  deposited  long  after  the  Sangre  de  Cristo 
was  elevated.  However,  the  depression  of  the  Santa  Fe  formation 
in  the  center  of  the  valley  and  certain  warping  in  that  formation 
northwest  of  Fort  Garland  may  have  been  accompanied  by  a  further 
elevation  of  the  Sangre  de  Cristo  Mountains.  This  possibility  is 
strengthened  by  the  attitude  of  the  lava  flows  covering  the  Raton 
Mesa  and  others  east  and  south  of  Trinidad.  These  flows,  according 
to  information  communicated  by  Mr.  W.  T.  Lee,  spread  over  the 
beveled  edges  of  formations  ranging  from  Dakota  to  post-Laramie 
in  age  and  are  themselves  of  Tertiary  age.    They  have  been  elevated 


a  Ann.  Rcpt.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1875,  p.  223. 
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slightly,  tilted  away  from  the  Culebra  Range,  indicating  a  rise  of 
that  range,  and  later  dissected.  It  is  reasonable  to  suppose  that  the 
elevation  of  the  range  which  accompanied  the  deformation  of  these 
Tertiary  lavas  on  the  east  side  was  contemporaneous  with  the 
deformation  of  the  Santa  Fe  formation  on  the  west  side  of  the  range. 
In  conclusion,  the  essential  harmony  of  the  local  history  herein  set 
forth  with  the  general  history  of  the  West  for  the  same  time  may  be 
recapitulated:  Miocene  deposition,  unconformable  below,  of  a  series 
of  sands,  gravels,  and  interbedded  lavas  and  tuffs,  followed  by  oro- 
graphic movements  and  additional  volcanic  activity,  succeeded  by 
quiet  deposition  of  sands  and  clays  in  fresh-water  lakes,  passing 
without  stratigraphic  break  into  Pleistocene  and  Recent  deposits. 

UNDERGROUND  WATERS. 

OBNEBAL  CON8IDBBATION8. 

PBEREQUISFTE   FEATURES   OF   AN   ARTESIAN   SYSTEM. 

The  essentials  of  an  artesian  system  are  few  and  simple: 

1.  An  inclined  stratum,  as  of  sand,  which  receives  water  in  the 
higher  portions'and  transmits  it  freely  to  the  lower  portions. 

2.  Relatively  impervious  layers,  as  clay  or  shale  or  finer  sand, 
which  confine  the  water  within  the  water-bearing  bed  or  aquifer. 

3.  Resistance  to  lateral  escape  of  the  water  from  the  lower  parts  of 
the  aquifer  greater  than  its  resistance  to  the  ascent  of  water  in  the 
well.  This  may  be  due  to  either  of  several  factors,  among  the  com- 
monest of  which  are — 

(a)  The  bending  up  of  the  beds  to  form  the  opposite  side  of  a  basin. 
(jb)  The  thinning  out  of  the  water-bearing  sand  bed  or  aquifer. 

(c)  Loss  of  porosity  in  the  aquifer. 

(d)  Frictional  resistance  to  lateral  movement  within  the  aqiiifer 
itself. 

(e)  Unconformable  depositional  contact  with  less  pervious  beds, 
as  along  lower  Conejos  River. 

APPLICATION   TO   THE    SAN   LUIS   VALLEY. 

The  San  Luis  Valley  is  an  almost  ideal  example  of  the  artesian 
basin.  The  structure  of  the  vaUey  has  been  already  discussed,  and 
a  cross  section  of  the  valley  is  shown  in  figure  3.  The  water  occurs  in 
beds  of  fine  blue  to  gray  sand  varying  from  1  to  20  feet  or  more  in 
thickness,  separated  from  one  another  by  beds  of  blue  clay  ranging 
from  1  foot  to  several  hundred  feet  in  thickness.  In  the  alluvial  slope 
near  the  base  of  the  mountains  at  the  margin  of  the  valley  the  clay 
beds  thin  out,  the  lowest  ones  usually  reaching  the  farthest  and  high- 
est up  the  slope,  thus  giving  the  greatest  pressure  to  the  flows  beneath 
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them,  where  they  are  penetrated  out  in  the  valley.  If  all  lower  open- 
ings and  avenues  of  escape  in  the  aquifers  were  stopped,  the  water 
would  rise  to  the  level  of  the  receiving  area,  or,  rather,  to  the  lowest 
point  in  that  area.  Thus  the  water  in  the  strata  penetrated  at  Ala- 
mosa w^ould  have  sufficient  head  or  be  under  sufficient  pressure  to  rise 
as  high  as  the  margin  of  the  basin  about  Monte  Vista,  which  would  be 
about  100  feet  above  the  surface  at  Alamosa.  As  a  matter  of  fact  the 
head  of  the  Bucher  well  at  Alamosa,  the  deepest  in  that  vicinity,  is 
not  over  56  feet,  and  the  greater  number  of  wells  reaching  a  depth  of 
about  700  feet  have  a  head  of  less  than  40  feet.  This  loss  of  head  is 
partly  due  to  the  drain  upon  the  water  bed  by  other  weUs  but  is 
probably  due  chiefly  to  loss  by  lateral  flow  where  the  sands  of  the 
Alamosa  formation  come  into  contact  with  the  Santa  Fe  formation 
along  the  northwest  margin  of  the  San  Luis  Hills.  In  support  of  this 
suggestion  may  be  cited  the  fact  that  wells  near  the  mouth  of  Conejos 
River,  in  the  very  lowest  portion  of  the  artesian  basin,  instead  of 
having  the  very  strongest  pressure  in  the  valley,  as  they  theoretically 
should,  have  on  the  contrary  but  small  pressures,  though  very  good 
flows. 

SOURCE   OF  THE   ARTESIAN    WATER. 

The  source  of  supply  of  the  artesian  water  in  the  San  Luis  Valley  is 
unquestionably  the  mountain  streams  which  flow  down  across  the 
alluvial  slope.  The  disappearance  of  the  mountain  streams  soon 
after  they  reach  the  alluvial  slopes  is  a  matter  of  common  observation. 
This  is  particularly  true  of  the  streams  flowing  from  the  Sangre  de 
Cristo  Range.  Very  few  of  these  streams  get  beyond  the  piiions 
which  cover  the  upper  part  of  the  alluvial  slope.  The  same  is  true  of 
the  streams  on  the  west  side  of  the  valley,  though  the  greater  number 
of  the  streams  there,  being  much  longer  and  larger  than  any  in  the 
Sangre  de  Cristo  Range,  have  sufficient  volume  of  water  to  stand  the 
loss  in  passing  across  the  alluvial  slope  and  to  send  a  considerable  flow 
to  the  Rio  Grande,  especially  in  the  wet  season.  But  all  these 
streams  suffer  noticeable  loss  in  the  region  of  the  gravel  slope. 

The  largest  stream  entering  from  the  west  is,  of  course,  the  Rio 
Grande,  and  along  this  stream  various  discharge  measurements  have 
been  made  with  a  view  to  showing  the  loss  by  seepage  of  this  river  in 
various  portions  of  its  course  through  the  valley.  As  shown  by  these 
gagings,**  the  actual  loss  by  seepage  of  the  Rio  Grande  between  Del 
Norte  and  Monte  Vista,  a  distance  of  15  miles,  is  75  second-feet.  No 
other  section  of  the  river  shows  a  loss  at  all  comparable  to  this;  in 
fact,  the  remainder  of  its  course  for  the  most  part  shows  a  gain  from 
seepage.     Discharge  measurements  of  various  other  of  the  principal 

a  Bull.  Colorado  Agr.  Coll.  No.  48,  p.  30. 
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streams  on  the  west  side  of  the  valley  have  been  made  from  time  to 
time  by  the  state  engineer  of  Colorado,  the  results  of  which  show  like 
losses  in  the  r^ion  of  the  alluvial  slope. 

ADEQUACY  AND  PERMANENCY  OP  SUPPLY. 

It  has  been  explained  on  a  previous  page  that  the  artesian  supply 
has  the  first  call  upon  the  water  of  the  Rio  Grande,  inasmuch  as  one 
of  the  lai^e  ditches,  which  has  the  earliest  priority  of  all,  takes  its 
water  from  the  Rio  Grande  below  the  section  which  supplies  water  to 
the  artesian  basin.  Since  this  priority  must  be  satisfied  before  any 
water  is  taken  out  above,  there  will  always  be  water  flowing  across  the 
area  which  supplies  the  artesian  basin  when  there  is  any  water  in  the 
river  at  all.  This  is  largely  true  of  the  other  streams  as  well.  There- 
fore the  artesian  basin  will  always  be  supplied  with  water,  and  any 
question  of  failure  of  wells  in  the  valley  will  be  one  of  mutual  mter- 
ference  as  a  result  of  too  great  concentration  of  wells,  and  not  one  of 
expansion  of  the  irrigation  systems. 

CAPAcmr. 

In  1891  Professor  Carpenter,  estimating  2,000  wells  in  the  valley, 
with  an  assumed  average  flow  of  25  gallons  per  minute,  found  the 
total  artesian  flow  to  be  about  110  second-feet.  At  70  acres  to  the 
second-foot,  this  volume  of  water,  if  all  used,  would  irrigate  7,700 
acres. 

Since  that  year  many  new  deep  wells  have  been  bored  and  older 
ones  sunk  to  deeper  and  heavier  flows,  so  that  the  average  flow  is 
now  greater  than  at  that  time.  By  actual  count,  the  wells  shown  on 
the  map  and  plats  herewith  number  3,234.  The  average  flow  of 
1,000  measured  and  estimated  2  and  3  inch  wells,  excluding  those 
in  towns,  amounts  to  40  gallons  per  minute.  The  wells  of  the  towns 
have  in  general  much  smaller  flows  than  those  in  the  coimtry,  but  it 
is  believed  that  the  large  flows  of  the  wells  over  3  inches  in  diameter, 
which  are  not  included  in  the  average,  will  offset  the  small  flows  of 
the  town  wells,  and  that  the  average  of  40  gallons  is  a  fair  one.  Flow- 
ing at  this  average,  the  3,234  wells  in  the  valley  will  yield  a  volxmie 
of  water  equal  to  286  second-feet.  At  the  rate  of  70  acres  to  the  sec- 
ond-foot this  volume  of  water  will  irrigate  20,000  acres.  This  esti- 
mate of  the  duty  of  water  is  probably  a  minimum.  On  the  average 
it  is  perhaps  25  per  cent  too  small,  so  that  25,000  acres  is  nearer  a 
true  estimate.  With  adequate  storage,  this  volume  of  water  could 
be  made  to  irrigate  two  or  three  times  as  great  an  acreage. 

It  is  practically  impossible  to  estimate  the  acreage  actually  irri- 
gated from  artesian  wells  unless  a  painstaking  census  be  made  with 
that  object  in  view.  Even  so,  it  would  be  impossible  to  get  accu- 
rate figures,  inasmuch  as  many  persons  use  the  flow  of  the  wells 
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in  connection  with  the  ditch  water.  In  the  absence  of  such  actual 
figures  of  acreage  irrigated  from  artesian  water,  some  estimate,  such 
as  has  been  made  of  the  possible  irrigation  from  artesian  water,  must 
serve.  The  only  wells  not  used  at  all  in  irrigation,  a  small  percentage 
of  all  the  wells  of  the  valley,  are  those  used  for  stock  purposes. 
They  are  scattered  here  and  there  over  the  untilled  land,  and  the 
water  from  them  usually  sinks  within  a  short  distance  of  the  well. 
The  larger  wells  are  almost  without  exception  used  for  purposes  of 
irrigation.  In  1904  there  were  in  the  valley  76  6-inch  wells,  with  an 
average  flow  of  over  300  gallons  a  minute,  and  77  wells  over  3  inches 
and  under  6  inches  in  diameter,  with  an  average  flow  of  about  175 
gallons  a  minute.  The  total  flow  of  these  larger  wells  was  approxi- 
mately 80  second-feet. 

However,  the  true  value  of  artesian  water  for  irrigation  purposes 
is  not  to  be  reckoned  by  the  flat  acreage  it  is  capable  of  irrigating. 
The  special  value  of  artesian  water  lies  in  the  steady,  unfailing  supply 
in  times  of  drought  when  ditch  water  is  wanting. 

FLOWINa  WBLL8. 

MARGINAL  REGION. 

ALAMOSA  AVD  VICnriTT. 

This  district  includes  the  wells  in  the  town  of  Alamosa  and  those 
southeastward  along  the  Rio  Grande  for  several  miles,  as  well  as  those 
north  and  east  of  the  town,  within  a  radius  of  6  or  7  miles.  The  dis- 
trict contains  some  of  the  largest  and  most  of  the  deep  wells  in  the 
valley.  Within  the  town  itself ^  covering  1  square  mile  (PI.  IX), 
there  are  140  wells,  the  greater  number  of  which  are  about  700  feet 
deep  or  within  50  feet  more  or  less  than  that  depth. 

The  Bucher  well,  on  the  other  side  of  the  Rio  Grande  from  Alamosa 
but  in  the  northeast  comer  of  the  same  section,  is  one  of  the  oldest 
as  well  as  one  of  the  deepest  wells  in  the  vaUey.  This  well,  sunk  in 
1889,  is  nearly  1,000  feet  deep.  The  main  flow  was  secured  at  a 
depth  of  932  feet  and  the  smaller  flow  at  500  feet,  the  combined  flow 
in  1891  being  reported  by  Professor  Carpenter  to  be  about  600  gal- 
lons a  minute,  or  1§  second-feet.  The  diameter  of  the  well  is  6  inches 
at  the  bottom.  Reduced  to  3  inches,  it  throws  a  jet  of  water  48 
inches  high.  The  temperature  is  74.7^**,  according  to  Professor  Car- 
penter, who  reports  that  the  pressure  indicates  a  head  of  56  feet.  No 
record  was  kept  of  the  geologic  section  of  the  well.  Analyses  of  the 
water  are  given  in  the  table  of  analyses  on  page  112.  The  water  is 
without  taste,  like  that  of  shallower  flows.  It  is  caught  in  a  large 
reservoir  and  used  in  a  small  way  for  irrigation.  A  view  of  this  well 
is  shown  in  Plate  VII,  A, 

•  All  temperatures  here  given  are  expressed  In  degrees  Fahrenheit. 
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The  town  well,  situated  in  the  northwest  comer  of  Alamosa,  a  mile 
west  of  the  Bucher  weU,  is  865  feet  deep  and  6  inches  in  diameter  and 
is  cased  to  a  depth  of  852  feet.  The  flow  in  1891,  as  measured  by 
Professor  Carpenter,  was  400  gallons  a  minute.  The  temperature 
is  72°  F.  The  water  from  this  well,  with  additions  from  the  various . 
private  wells,  is  carried  in  ditches  through  the  streets  of  the  town, 
irrigating  the  shade  trees  and  grass  plats  along  the  way.  The  follow- 
ing is  a  condensed  record  of  the  well : 

Record  of  Akmiosa  town  well. 


Recent: 

Alluvial  8oU 

Sand 

Alamosa  formation: 

Blue  clay 

Black  sand  (flow) 

Blue  clay 

Black  sand  (strong  flow) 


Thick- 


Feet. 
3 
10 

511 

2 

324 

15 


Depth.    ^ 


Feet. 
3 
13 

524 
526 
850 
865 


The  Denver  and  Rio  Grande  Railroad  well  at  the  water  tank  is  938 
feet  deep  and  4  inches  in  diameter  at  the  bottom.  It  has  a  flow  of 
60  gallons  a  minute  at  the  surface  of  the  groimd,  or  20  gaUons  a  min- 
ute where  it  empties  into  the  tank  at  a  height  of  37  feet  above  the 
groimd.  The  pressure,  when  finished,  indicated  a  head  of  46  feet. 
A  small  flow  was  struck  at  630  feet,  and  at  838  feet  a  flow  of  90  gal- 
lons a  minute,  the  pressure  of  which  indicated  a  head  of  32  feet.  The 
purpose  of  going  on  to  the  deeper  though  smaller  flow  was  to  get 
sufficient  head  to  lift  the  water  into  the  top  of  the  water  tank  at  37 
feet.  The  flow  at  937  feet  is  the  same  flow  that  is  struck  by  the 
Bucher  well.  These  two  are  the  only  wells  having  this  flow  in  the 
vicinity  of  Alamosa,  though  there  are  a  few  other  wells  deep  enough 
to  reach  it.    The  log  of  the  well  is  as  follows: 

Record  of  Denver  and  Rio  Grande  Railroad  well. 


Recent: 

Sou 

Sand 

Alamosa  formation: 

Clay 

Sand 

Clay 

Sand 

Light  clay  with  streaks  of  sand.. 

Blue  clay  with  some  sand  strata. 

Sand  (small  flow) 

Clay  with  some  sand  strata 

Sand  (strong  flow) 

Hard  clay 

Sand  (flow) 

Hard  clay 

Hard  layer 

Sand  and  gravel  (strong  flow). 


Thick- 
ness. 

Depth. 

FeeL 

Feet. 

3 

3 

15 

18 

3 

21 

9 

30 

18 

48 

0 

54 

296 

350 

280 

630 

2 

632 

206 

838 

10 

848 

72 

920 

2 

922 

13 

935 

2 

937 

Digitized  by  VjOOQ IC 


U.& 


oEoi-oo«5Ai-  sm 


n 


Digitized  by  VjOOQ  IC 


Digitized  by  VjOOQIC 


PLOWING  WELLS. 


59 


The  Goodall  well,  400  feet  southeast  of  the  Bueher  well,  is  reported 
to  have  this  section: 

Record  of  Goodall  udl. 


Recent:  Sorfaoe  gravel  and  sand . 
Alamosa  formation: 


Yellow  clay 

Black  sand 

Blue  day 

Black  sand  (first  flow,  light) 

Blue  clay 

Black  sand  (second  flow,  light) 

Blue  clay 

Black  sand  (third  flow,  lij^t) 

Blue  day 

Red  sand  (fourth  flow,  good) 

Blue  clay 

Red  sand  and  small  gravel  (fifth  flow,  good)., 


Thick- 
ness. 

Depth. 

Fret. 

Fert. 

40 

40 

15 

66 

1 

56 

ao4 

260 

1 

261 

245 

506 

1 

507 

109 

616 

1 

617 

150 

776 

10 

786 

00 

876 

7 

883 

This  well  is  3  inches  in  diameter  and  the  temperature  is  70°.  The 
flow  is  the  large  one  struck  in  the  town  well  and  at  838  feet  in  the 
Denver  and  Rio  Grande  Railroad  well  at  the  water  tank. 

The  Spriesterbach  well,  in  the  northern  part  of  Alamosa,  725  feet 
deep  and  3  inches  in  diameter,  has  a  temperature  of  66°.  The  well 
has  recently  failed  considerably.  It  seems  likely,  as  indicated  by  the 
temperature,  that  the  water  is  coming  from  a  flow  somewhat  above 
the  bottom.  The  detailed  geologic  section  of  this  well  has  been  given 
on  page  41.  Analysis  shows  the  water  to  contain  295  parts  per  million 
total  solids. 

The  Hirst  well,  in  the  southern  part  of  Alamosa,  is  4  inches  in  diam- 
eter, 820  feet  in  depth,  and  cased  to  bottom.  The  following  flows 
are  reported : 

First  flow,  220  feet,  stream  Hize  of  lead  pencil. 
Second  flow,  475  feet,  stream  1  inch  in  diameter. 
Third  flow,  680  feet,  good  flow. 
Fourth  flow,  800  feet,  heavy  flow  in  8-10  feet  red  sand. 

The  Alamosa  Milling  and  Elevator  Company^s  well  is  4  inches  in 
diameter  and  680  feet  deep,  cased  to  the  bottom.  The  temperature 
of  this  well  is  69^  and  that  of  a  deeper  3-inch  well  is  72°.  An  analysis 
of  the  water  will  be  found  in  the  table  of  analyses,  page  112. 

At  the  electric-light  plant  there  is  a  well  cased  6  inches  for  some 
distance  and  4  inches  to  the  bottom  at  800  +  feet.  The  temperature 
is73^ 

The  Fritz  Emperius  well  is  a  mile  and  a  half  southeast  of  Alamosa, 
in  the  NW.  \  sec.  13,  T.  37  N.,  R.  10  E.  The  depth  is  810  feet,  cased 
to  the  bottom,  and  the  diameter  is  4  J  inches.  The  temperature  is  72° 
and  the  flow  forms  a  jet  7 i  inches  above  the  casing.  The  flow  is 
estimated  to  be  about  350  gallons  a  minute  and,  stored  in  a  reservoir, 
will  irrigate  50  acres.     The  cost  was  $950. 
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The  Wilkins  well;  a  mile  southeast  of  Alamosa,  in  the  SE.  i  sec.  14, 
T.  37  N.,  R.  10  E.,  is  800  feet  deep,  cased  to  the  bottom,  and  is  5J 
inches  in  diameter.  It  is  reported  to  have  a  flow  rising  7  inches  above 
the  casing.    The  temperature  is  72°. 

Three  miles  down  the  Rio  Grande  from  Alamosa,  on  the  Wilkins, 
Schwartz,  and  Worcester  ranches,  there  are  several  4,  4},  and  5  inch 
wells  that  have  good  flows. 

At  the  Blanca  farm,  4  miles  north  of  Alamosa,  in  the  southeast 
comerof  the  NE.  \  sec.  21, T.  38  N.,  R.  lOE.,  there  is  a  3-inch  well,  840 
feet  deep,  cased  to  the  bottom.  The  flow,  struck  in  gravel,  throws  a 
jet  OJ  inches  above  the  casing,  and  is  estimated  to  be  130  gaUons  per 
minute.  The  temperature  is  72°  and  there  is  a  slight  taste  of  sulphur. 
The  analysis  of  the  water  is  given  in  the  table  on  page  112. 

On  George  Newsom's  ranch,  5  miles  northeast  of  Alamosa,  in  the 
SW.  J  sec.  33,  T.  38  N.,  R.  11  E.,  there  are  eight  3-inch  wells,  two 
4-inch  wells,  and  one  6-inch  well,  all  with  fair  flows.  The  geologic 
section,  which  is  typical  for  this  vicinity,  is  as  follows: 

Section  of  Newsom  wells. 


Thick- 


Depth. 


Reoeot: 

Soil  and  clay 

Gravel  and  sand  (cased  to  this  level). 
Alamosa  formation: 

Clay 

Sand  (first  flow) 

Clay 

Sand  (second  flow) 

Clay 

Sand  (third  flow) 

Clay 

Sand  (fourth  flow) 

Clay 

Sand  (fifth  flow) 

Clay 

Sand  (sUth  flow) 


Ft.  in. 

F^ 

16 

16 

10 

26 

74 

100 

4 

100 

25 

125 

5 

128 

34 

160 

1 

161 

64 

225 

1  4 

226 

124 

350 

2 

352 

48 

400 

4 

404 

HEHBT  STATION  AND  VICIHITT. 

This  district  is  characterized  by  the  greatest  number  of  wells  of 
large  bore  in  the  valley.  The  number  of  6-inch  wells  in  this  vicinity 
and  westward  in  the  Fountain  neighborhood  is  over  50,  and  in 
addition  there  are  several  4-inch  and  5-inch  wells.  All  these  larger 
wells  have  been  put  down  for  purposes  of  irrigation,  many  of  them 
recently.  Twelve  of  these  have  been  recently  put  down  on  the 
Empire  farm  of  the  Southern  Colorado  Land  Company,  in  the  imme- 
diate vicinity  of  Henry  station.  The  following  section  of  one  of 
these  is  typical  of  the  region: 
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A.     SIX-INCH  WELL  ON  EMPIRE  FARM. 


B.     KINCH  WELL. 
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Thick- 


Depth. 


Recent:  Sorfaoe  gravel  and  loam 

Alamosa  formation: 

Clay 

Sand  (small  flow) 

Clay 

Sand  (flow) 

Clay 

Sand  (flow) 

Clay 

Sand  (flow) 

Clay  with  various  beds  of  sand 

Sand  ( flow ) 

Clay 

Gravel  below  (** gravel"  flow,  strong) 


Ftet. 

Feet. 

11 

11 

09 

80 

»i 

80i 
140 

2 

143 

38 

180 

3 

183 

57 

240 

3 

243 

m 

437 

3 

440 

40 

480 

Another  well  on  the  same  farm,  by  a  different  driller,  gives  this 

record : 

Section  of  Empire  farm  well. 


Recent:  Gravel 

Alamosa  formation: 

Clay 

Sand  (first  flow) 

Clay 

Sand  (second  flow) 

Clay  with  water-bearing  sand  beds  every  20  feet . 

Gravel  (gravel  flow) 

Clay 

Bowlders  below  (strong  flow). 


Thick- 


Depth. 


Feet. 
17 

53 

1 

54 

1 

324 

3 

.50^ 


Feet. 
17 

70 
71 
125 
126 
450 
453 
500-545 


This  bowlder  bed  is  reached  at  a  depth  of  500  feet  on  the  west  side 
of  the  ranch,  and  at  a  depth  of  545  feet  on  the  east  side.  A  typical 
view  of  one  of  these  wells  in  winter  is  shown  in  Plate  X,^.  The 
casing  is  cut  oflf  close  to  the  ground  so  that  the  water  will  not  dig  out 
a  great  hole  around  the  well,  as  it  would  if  the  casing  extended  far 
above  the  ground. 

Two  6-inch  wells  on  the  Mitchell  ranch,  in  the  SE.  {  sec.  33,  T.  37 
N.,  R.  10  E.,  have  depths  of  540  and  575  feet.  Each  throws  a 
3-iQch  jet  and  together  the  flow  is  If  second-feet,  irrigating  100  acres. 
They  are  cased  only  to  the  first  clay  and  the  total  cost  of  both  was 
S233. 

A  well  on  the  Adams  ranch,  3  miles  due  east  of  Henry  station,  in 
the  southeast  corner  of  the  SW.  J  sec.  35,  T.  37  N.,  R.  10  E.,  furnishes 
the  following  section: 

Section  of  Adams  well. 


Thick- 


Depth. 


Recent:  SoiliBce  gravel  and  loam 

Alamoaa  formation: 

(31ay 

Sand 

Clay,  with  water-bearing  sand  beds  2  feet  or  so  in  thickness  about  every  40  feet 

Gravel  below  (heavy  flow). 


Feet. 
20 


40 
G19 


Feet. 
20 


60 
61 
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This  well,  6  inches  in  diameter,  bored  in  November,  1892,  is  re- 
ported to  have  had  originally  a  jet  9  inches  high.  By  1904  the  jet 
was  reduced  to  3^  inches.     , 

On  the  J.  W.  Kinch  place,  m  the  NE.  i  sec.  9,  T.  36  N.,  R.  9  E.,  a 
6-inch  well,  when  new,  had  a  jet  of  12  inches,  which  is  now  reduced  to 
5^  inches.    A  section  of  this  well  is  as  follows: 

Section  of  Kinch  well. 


Thick- 


Depth. 


Recent:  Sortace  gravel  and  loam 

Alamoea  formation  : 

Clay 

Black  sand  (first  flow) 

Clay 

Sand  (second  flow) , 

Clay,  with  water-bearing  sand  beds  2  to  4  feet  thick  every  40  or  50  feet, 
Oravel  and  coarse  sand  (gravel  flow) 


tet. 

Feet. 

14 

14 

66 

80 

1 

81 

44 

125 

2 

127 

260 

387 

15 

402 

This  well  is  shown  in  Plate  X,  B, 

TOJJWTAIB  VEIOHBORHOOD. 

In  the  SE.  i  sec.  16,  T.  37  N.,  R.  9  E.,  on  the  place  owned  by  Geoi^e 
Ottaway,  there  are  two  6-inch  wells,  dug  in  1900  and  1901.  The 
south  well,  585  feet  deep,  has  this  section: 

Section  of  Ottawaij  well. 


Recent :  Surface  clay  and  gravel. 
Alamosa  formation: 

Blue  clay 

Sand  (first  flow,  very  weak).. 

Blue  clay 

Sand  (fair  flow;  4  feet  head). 

Blueclay 

Sand  (flow) 

Blueclay 

Sand  (flow) 

Blueclay 

Sand  (flow) 

Blue  clay 

Sand  (flow) 

Blueclay 

Hard  yt'llow  clav 

Gravel  (gravel  flowj 


Thick- 
ness. 

Depth. 

Feet. 
14 

106 

1 

189 

2 

40 

2 

40 

2 

100 

2 

38 

2 

17 

20 

10 

Feet, 
14 

120 

121 

310 

312 

852 

354 

304 

396 

486 

498 

536 

538 

555 

575 

585 

These  wells  are  reported  to  have  had  jets  of  5i  inches  when  first 
put  down,  but  they  are  now  reduced  to  2  inches.  The  temperature 
is  64®  and  the  two  wells  irrigate  160  acres. 

When  wells  are  sunk  to  the  gravel  flow  in  this  vicinity  the  water 
runs  out  at  the  top  of  the  drill  rods  22  feet  above  the  surface  of  the 
ground,  showing  a  head  of  that  much  or  more. 
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The  well  on  the  Hubbard  place,  in  the  southwest  comer  of  the  NE.  { 
sec.  9,  T.  37  N.,  R.  9  E.,  has  the  following  section: 

Record  of  Hubbard  well. 


Recent:  Sortaoe  clay  and  gravel , 

Alamosa  formation: 

White  clay 

Blue  clay 

Hard  streak 

Sand  (first  flow) 

Soft  mud 

Sand  (second  flow) 

Blue  clay 

Sand  (third  flow) 

Blue  clay 

Red  sand  (fourth  flow;  heavy) . . . 

Bhie  clay 

Sand  (fifth  flow) 

Blue  clay 

Sand  (sixth  flow) 

Blue  clay , 

Sand  (seventh  flow) 

Hardpan 

Blue  clay 

Gravel  (eighth  flow;  gravel  flow), 


Thick- 


Feet. 
16 

44 

80 
1 
1 

24 
1 

84 

1 

110 

I 

63 
2 
8 
2 
3 


Depth. 


Feet. 
10 

00 
140 
411 
142 
100 
107 
201 
202 
321 
322i 
305 
307 
430 
432 
440 
442 
445 
480 
482 


This  vicinity  was  one  of  the  earliest  in  which  artesian  wells  were 
sunk  for  irrigation  on  an  extensive  scale,  and  now  over  2.000  acres 
are  irrigated  from  wells  alone,  besides  which  much  artesian  water  is 
turned  into  the  ditches  and  used  in  conjunction  with  the  ditch  water. 

LA  JABA  AVD  VICIHITY. 

The  wells  of  the  La  Jara  district  are  of  moderate  depth  and  very 
strong  flow.  In  the  town  itself  there  are  71  wells,  the  distribution  of 
which  is  shown  in  figure  5.  These  range  in  depth  from  65  to  more 
than  300  feet.    The  following  section  is  reported  to  be  typical: 

Section  of  well  at  La  Jara. 


Recent:  Soil  and  gravel 

Alamosa  formation: 

Blue  clay 

Black  sand  (first  flow) . . . 

Blue  clay 

Black  sand  (second  flow). 

Blue  clay 

Red  sand  (third  flow). . . . 

Bluecl^y 

Red  sand  (fourth  flow).. . 

Blue  clay 

Red  sand  (fifth  flow) 

Blue  clay 

Red  sand  (sixth  flow). . . . 

Blue  clay 

Red  sand  (seventh  flow). 

Blue  clay 

Red  sand  (heavy  flow) . . . 

Blue  clay 

Red  sand  (ninth  flow) . . . . 

Blue  clay 

Red  sand  (tenth  flow) . . . . 

Blue  clay 

Gravel  (eleventh  flow) . . . 

Clay 

Sand  (twelfth  flow) 


Thick- 


Depth. 


Feet. 

Feet. 

30 

30 

15 

45 

1 

40 

19 

65 

3 

68 

17 

85 

2 

87 

16 

103 

2 

105 

15 

120 

2 

122 

10 

132 

2 

134 

11 

145 

1 

146 

14 

160 

3 

163 

17 

180 

3 

183 

10 

193 

3 

196 

3 

190 

17 

216 

12 

228 

5 

233 
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The  ninth  flow  has  a  head  of  12  feet,  which  formerly  was  16  or  18 
feet;  the  tenth  flow  has  ii  head  of  15  feet. 

The  well  of  the  La  Jara  Milling  and  Elevator  Company  has  a  depth 
of  308  feet;  a  diameter  of  4}  inches,  and  a  temperature  of  48^.  An 
analysis  of  the  water  from  this  well  may  be  found  in  the  table  of 
analyses,  page  112. 

The  well  at  the  residence  of  L.  A.  Norland  is  4}  inches  in  diameter 
and  325  feet  in  depth,  cased  to  300  feet.    The  temperature  is  494"^. 


FiGUBB  5.— Plat  of  La  Jara.  showing  location  of  wells. 

Reduced  to  3  inches  it  throws  a  jet  18  inches  high;  reduced  to  2  inches 
it  throws  a  jet  7  feet  high.  The  jet  for  the  full  aperture  of  the  well 
is  about  3  inches. 

On  the  ranch  of  William  Lambert,  1  mile  north  and  1  mile  west 
of  La  Jara,  a  well  210  feet  in  depth  gives  this  section: 
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;  Thlck- 


Fe0t. 

Recent:  Gravel  and  sand 18 

Alamosa  fbrroatlon: 

Clay 10» 

Sand  (first  flow) i  1 

Clay II 

Sand  (second  flow) ,  I 

Clay 39 

Sand  (third  flow) 1 

Clay i  22 

Solid  roclE  below. 


Depth. 


Fett, 


127 
128 
147 
148 
187 
188 
210 


This  well  is  not  included  in  the  series  extending  eastward 
from  Capulin,  as  described  on  page  95,  because  the  water  was 
struck  in  the  water-bearing  beds  of  the  basin  and  not  in  the  lava, 
as  in  those  wells.     Furthermore,  it  is  possible,  though  not  probable, 


Sections 

If... 12 


^-r—%^-^ 


Vz  Mile 

—I 


FiGUBB  6.— Plat  of  Richfield,  showing  location  of  n-ells. 

that  the  rock  struck  in  this  particular  well  may  have  been  a  large 
bowlder. 

The  plat  of  the  village  of  Richfield  (fig.  6),  half  a  mile  northeast 
of  La  Jara,  shows  the  location  and  number  of  wells  in  that  place. 

42120°— W8P  240— 10 5 
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SABTO&B  AVD  VICIHiTT. 


A  plat  of  the  town  of  Sanford,  which  covers  IJ  sections,  is  shown 
in  figure  7.  The  blocks  are  220  yards  from  street  to  street,  and  each 
block  in  the  more  closely  settled  portions  of  the  town  contains  from 
one  to  four  wells.     Most  of  these  are  shallow,  ranging  in  depth  from 
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Figure  7.— Plat  of  Sanford,  showing  location  of  wells. 

70  to  200  feet,  and  nearly  all  are  2  inches  in  diameter.  Many  wells 
which  formerly  obtained  the  first  flow  at  70  feet  have  since  had  to 
be  sunk  deeper,  owing  to  the  exhaustion  of  the  first  flow  by  mutual 
interference  of  the  wells,  which  number  126  in  the  village.  The 
following  section  is  given  as  typical  of  the^e  wells: 
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Characteristic  well  section  at  Sanford. 


Reeent: 

Soil  and  gravel 

Sand 

Alamosa  fonnatlon: 

Blue  clay 

Black  sand  (first  flow). . . 

Blue  clay 

Red  sand  (second  flow). . 

Bhieclay 

Red  sand  (third  flow) 

Blue  clay 

Red  sand  (fourth  flow).. . 

Bhieclay 

Red  sand  (fifth  flow) 

Blue  clay 

Red  sand  (sixth  flow) 

Bhieclay 

Red  sand  (seventh  flow). 


Thick- 


Depth. 


Feet. 
22 
12 

3C 

2 
23 

2 
13 

2 
11 

3 
19 

1 
19 

1 

2  ' 


Feet. 


22 
34 

70 
72 
95 
97 
110 
112 
123 
126 
145 
146 
165 
166 
1S5 
187 


VIOnriTT  OF  L08  SAVCS8. 

The  little  Mexican  plaza,  Los  Sauces,  lies  a  mile  or  so  south  of  the 
artesian  limit,  but  a  number  of  wells  on  the  Atkinson,  Austin,  Stewart, 
Myers,  Becker,  and  Hansen  ranches  lie  nearer  to  Los  Sauces  than  to 
any  other  post-office  in  the  valley. 

On  the  Peter  Hansen  ranch  there  are  a  number  of  2  and  3  inch 
wells  which  have  good  flows.  The  depth  ranges  from  200  to  300  feet, 
and  the  water  has  a  temperature  of  53°  to  55°. 

On  Fritz  Becker^s  ranch  a  well  in  the  NE.  J  sec.  15,  T.  36  N.,  R.  11 
E.,  flows  about  26  gallons  a  minute.     It  has  the  following  section: 

Section  of  Becker  well. 


Thick- 


Depth. 


Alamosa  fonnatlon: 
Sand  and  clay.. 
Hard  streak. 


A- 


8and(flow) 

Clay  with  hard  streaks. 
Sand  (flow) 


Feet.  Feet. 

39  39 

1  '  40 

1  41 

127  i  168 

1  tee 


On  W.  H.  Myerses  lower  ranch  on  Trinchera  Creek,  4  miles  above 
the  mouth  of  the  creek,  near  the  eastern  limit  of  flowing  wtIIs,  six 
wells  have  been  sunk  which  have  yielded  small  flows.  One  of  these 
near  the  house,  300  feet  deep,  had  the  following  section: 

Section  of  Myers  veil. 


i  Thick- 


Depth. 


Recent:  f'fff- 

Soil  and  sand I  l<» 

Gravel 2 

Alamoea  formation:  ' 

Clay 40  [ 

Clay  and  sand 82 

Pine  gravel  (small  flow) 5 

Clay  and  sand  (no  further  flow) 1&5 


Feet. 


16 
18 

58 
140 
145 
300 
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On  the  Stewart  ranch,  opposite  the  mouth  of  Trinchera  Creek, 
several  3-mch  wells,  170  to  300  feet  deep,  have  good  flows  and  are 
utilized  in  irrigating  hay  land. 

On  the  Austin  ranch,  at  the  mouth  of  the  Conejos,  are  a  number  of 
2,  3,  and  4  inch  wells  which  have  unexpectedly  small  flows,  consider- 
ing that  they  are  at  the  very  lowest  point  in  the  artesian  basin.  It 
has  been  already  shown  that  this  small  flow  is  in  all  probability  due 
to  the  escape  of  the  water  from  the  artesian  water  beds  into  the  gravel 
beds  of  the  Santa  Fe  formation. 

On  the  Atkinson  ranch,  in  the  NW.  {  sec.  9,  T.  35  N.,  R.  11  E., 
there  are  several  2-inch  wells  from  125  to  140  feet  deep.  Three  of 
these  wells  were  simk  at  a  total  cost,  exclusive  of  casing,  of  $35.  One 
of  them  has  a  flow  of  65  gallons.  The  first  flow,  a  small  one,  was 
reached  at  a  depth  of  33  feet. 

PARMA  ASTD  VICIiriTT. 

The  big  well  on  the  Parma  Land  Company's  farm^  in  the  southeast 
comer  of  sec.  14,  T.  38  N.,  R.  8  E.,  a  mile  west  of  Parma  station,  has 
the  following  section : 

Section  of  Parma  Land  Company^ s  well. 


Recent: 

Soil 

Coarse  gravel 

Fine  gravel 

Sand 

Alamosa  formation: 

Blue  clay 

Sand 

Clay 

Fine  sand  (first  flow,  weak) 

Clay 

Sand 

Clay 

Coarse  sand  and  gravel 

Clay 

Gravel 

Clay 

Sand  (flow) 

Clay 

Sand  (small  flow) 

Clay 

Sand 

Clay 

Sand  (small  flow) 

Clay 

Sand  and  clay 

Clay 

Sand  (fair  flow) 

Clay 

Sand  (fair  flow) 

Clay 

Sand  (good  flow) 

Clay,  with  some  dry  sand . . 

Sand  (heavy  flow) 


rhick- 
ness. 

Depth. 

Fed. 

FteL 

3 

3 

32 

35 

5 

40 

10 

50 

20 

70 

2 

72 

73 

145 

3 

148 

17 

165 

1 

166 

8 

174 

4 

178 

8 

186 

2 

188 

8 

196 

I 

197 

23 

220 

1 

221 

30 

251 

1 

252 

16 

268 

1 

269 

31 

300 

4 

304 

18 

322 

3 

325 

68 

393 

2 

395 

26 

421 

4 

425 

47 

472 

4 

476 

This  well  is  6  inches  in  diameter  and  the  flow  rises  about  1 J  inches 
above  the  casing. 

A  well  in  the  northeast  comer  of  sec.  34,  on  the  same  ranch  and  in 
the  same  township  as  the  well  just  described,  obtained  flows  at  depths 
of  140,  225,  275,  and  324  feet. 
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A  well  at  the  residence  of  J.  B.  Outcault,  in  the  southwest  comer  of 
the  SE.  i  sec.  7,  T.  38  N.,  R.  9  E.,  has  flows  at  180,  225, 250, 280,  and 
300  feet. 

A  well  in  the  northwest  comer  of  sec.  17,  one-half  mile  due  east  of 
the  Outcault  well,  struck  big  flows  also  at  400  and  550  feet.  All 
told,  this  well  is  reported  to  have  had  about  ten  different  flows.  When 
new  it  had  a  jet  8  inches  high,  which  is  now  reduced  to  2^  inches. 

At  H.  H.  Johansen's  ranch,  in  the  NW.  {  SW.  i  sec.  24,  T.  38  N., 
R.  9  E.,  there  are  two  wells  with  good  flows.  The  larger  well,  in  the 
reservoir  south  of  the  house,  is  813  feet  deep  and  is  cased  throughout. 
The  diameter  is  3  inches  and  the  flow  rises  4  inches  over  the  casing, 
indicating  a  flow  of  more  than  100  gallons  a  minute.  Flows  were 
stmck  at  250,  500,  600,  760,  and  813  feet.  At  the  bottom  rock  was 
struck  which  could  not  be  penetrated  in  half  a  day's  drilling. 

MOITTS  VISTA  AVD  VICZHITT. 

A  plat  of  the  town  of  Monte  Vista  is  shown  in  figure  8.  The  wells 
in  Monte  Vista  are  more  closely  crowded  than  in  any  other  town  in 
the  valley,  there  being  225  in  the  town  and  the  inmiediate  environs. 
These  are  for  the  most  part  2-inch  wells,  ranging  in  depth  from  115 
to  300  feet.  Many  weUs  originally  sunk  to  the  first  flow  at  110 
feet  have  been  sunk  deeper  to  secure  a  better  flow.  At  first,  here  as 
elsewhere  in  the  valley,  wells  were  cased  into  the  first  bed  of  clay  a 
short  distance.  Through  the  caving  in  of  numbers  of  these  weUs, 
there  has  been  such  an  interchange  and  mingling  of  water  between 
the  different  flows  that  toward  the  center  of  the  town,  in  the  region 
of  greatest  crowding  of  the  wells,  there  has  resulted  a  uniformity  of 
flow  and  a  uniformity  of  temperature  as  well.  In  this  territory  wells 
yield  a  flow  of  about  2  gallons  per  minute,  and  have  a  temperature  of 
49®,  whether  the  well  be  130  or  300  feet  deep.  Around  the  borders 
of  the  town,  particularly  at  the  eastern  border,  wells  have  normal 
flows  and  temperatures. 

The  largest  well  in  Monte  Vista  is  that  at  the  Monte  Vista  Milling 
Company's  plant,  sunk  in  1897.  This  well  is  302  feet  deep.  It  is 
cased  for  106  feet  with  6-inch  casing,  for  160  feet  with  4i-inch  casing, 
and  for  302  feet  with  3-inch  casing.     A  section  of  the  well  is  as  follows : 

Section  of  Monie  Vista  Milling  Company's  well. 


Thlck- 


Reoent:  Feet. 

Soil  and  gravelly  loam 10 

Gravel  and  sand |  50 

Alamoea  formation:  i 

Clay i  40 

Sand  (first  flow) 9 

Sand  and  gravel,  with  vaHous  flows 193 

Coarse  grovel  below  (strong  flow).  | 


Depth. 


Feet 
10 


100 
109 
302 
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The  well  has  a  pressure  of  about  5  pounds  and  a  temperature  of  49*^ 
and  flows  400  gallons  a  minute.  An  analysis  of  the  water  will  be 
found  in  the  table  of  analyses  on  page  112. 

A  section  reported  as  typical  for  the  wells  in  town  is  as  follows: 

Typical  section  of  wells  in  Monte  Vista. 


Recent :  Soil  and  gravel 

Alamosa  formation: 

Clay 

Quicksand 

Blue  clay 

Dark  sand  (first  flow) 

Blue  clay 

Dark  sand  (second  flow) 

Blue  clay 

Black  sand  (third  flow) 

Blue  clay 

Black  sand  ( fourth  flow ) 

Yellow  clay 

Yellow  sand  (fifth  flow) 

Yellow  clay 

Yellow  sand  (sixth  flow ) 

Yellow  clay,  with  water-bearing  beds  of  sand  2  feet  thick  at  intervals  of  10  to  20  feet 
Bowlders  below. 


Thick- 
ness. 


Depth. 


Feet.       Feet. 

fiO  50 

1  51 
10  bl 
50  111 

9  120 

8  128 

6  134 

10  144 

4  148 

10  158 

3  161 
14  175 

2  ,  177 
2J  197 

4  I  201 
99  300 


All  wells  on  the  east  side  of  town  show  more  clay  and  le^s  sand 
and  gravel.  The  head  of  the  first  well  sunk  in  Monte  Vista  is  re- 
ported to  have  been  12  to  14  feet.  By  1889,  according  to  Professor 
Carpenter,  it  had  fallen  to  7  feet.  In  1890,  when  the  number  of 
wells  in  Monte  Vista  was  88,  it  had  fallen  to  4  feet.  In  1904  some 
of  the  deeper  wells  in  town  still  had  a  head  of  7  feet,  and  the  mill 
well,  as  noted,  has  a  head  of  about  11  feet. 

Four  miles  south  of  Monte  Vista,  in  the  valley  of  Rock  Creek,  the 
wells  are  very  close  together.  The  valley  of  Rock  Creek  is  largely 
given  over  to  meadows  of  native  hay,  and  the  wells  are  designed 
to  irrigate  the  higher  portions  of  these  meadows  out  of  the  reach  of 
the  ditch  water.  With  few  exceptions  these  wells  are  2  inches  in 
diameter,  as  are  also  the  wells  in  the  town  of  Monte  Vista.  North 
and  northeast  of  Monte  Vista,  across  the  Rio  Grande,  in  T.  39  N., 
R.  8  E.,  practically  every  quarter  section  has  a  2-inch  well  for  do- 
mestic use.  This  township  is  well  supplied  with  ditch  water  and  no 
wells  have  been  bored  for  irrigation  exclusivel3\  The  wells  in  the 
Monte  Vista  district,  outside  of  the  town  itself,  all  have  excellent 
flows,  ranging  from  6  or  8  gallons  up  to  30  gallons  a  minute. 


CEKTER  Aim  VICINITY. 


The  village  of  Center  is  situated  in  the  midst  of  the  grain  belt  of 
the  valley,  in  a  region  well  supplied  with  ditch  water,  and  the  wells 
are  almost  exclusively  bored  for  domestic  purposes.  They  are  ordi- 
narily 2  inches  in  diameter,  and  a  fine  flow  is  reached  at  about  200  to 
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FIGURE  9.  -Plat  of  Center,  showing  location  of  wells. 
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225  feet.  The  plat  (fig.  9)  shows  the  number  and  location  of  the 
wells  in  the  village.  The  following  section  is  given  as  characteristic 
for  wells  in  the  immediate  vicinity  of  the  village : 

Characteristic  section  qf  veils  in  vicinity  of  Center. 


Thick- 
ness. 

Depth. 

Feet, 

Feet. 

do 

60 

95 

155 

1 

156 

10 

160 

2  1 

168 

12  1 

180 

4 

184 

12 

196 

4 

200 

R«ent:  Soil  and  gravel 

Alamosa  formaUon: 

Clay  and  sand 

Sand  (snuUl  flow,  with  some  sulphur) 

Clay 

Sand  (second  flow) 

Clay 

Sand  (third  flow) 

Clay 

Sand  (fourth  flow) 

I 

These  flows  farther  east  are  found  at  somewhat  greater  depths, 
averaging  10  feet  deeper  to  the  mile. 

A  well  in  the  SE.  J  sec.  30,  T.  40  N.,  R.  8  E.,  5  miles  west  of  south 
of  Center,  near  the  margin  of  the  flowing-well  area,  is  464  feet  deep. 
The  first  200  feet  was  sand  and  gravel,  with  a  little  clay  at  the 
bottom,  beneath  which  was  obtained  the  first  flow.  Thence  to  the 
bottom  of  the  well  the  formation  was  sand  and  gravel  with  some 
very  thin  beds  of  clay  at  intervals,  but  no  further  flow  was  found. 

LOOKETT  AHD  VICIHITT. 

The  well  on  the  John  D.  Hess  place,  in  the  southwest  comer  of  the 
NW.  J  sec.  26,  T.  41  N.,  R.  9  E.,  is  reported  to  have  the  following 
section: 

Section  of  Hess  well. 


Thick- 


Depth. 


Feet.       Feet. 

Recent:  Sortace  soil  and  gravel |  100  100 

Alamosa  formation:  I 

Bloeclay !  120  220 

Blue  clay  with  strealu  of  sand ,  160  ,  380 

Sand 1  381 

Light-blue  clay 80  4(H 

Sand  (flow  with  4-Inch  jet) 2  '  463 

Streaks  of  clay  and  sand 94  i  657 

Light-blue  clay 1 50  {  707 

Sand  (flow  with  7-Inch  jet) ;  3  710 

Ught-blue  clay 58  768 

Sand  (small  flow) 1  i  769 


The  well  has  a  diameter  of  3  inches  and  is  ctused  for  478  feet.     The 
flow  is  estimated  at  135  gallons  a  minute. 
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Two  miles  west  of  south  of  the  Hess  well,  in  the  NE.  {  sec.  3,  T.  41 

N.,  R.  9  E.,  on  H.  J.  Johnston's  place,  a  well  800  feet  deep  has  the 

following  section : 

Section  of  Johnston  well. 


Recent:  Sorface  gravel  aivl  sand . 

Alamosa  formation: 

Blue  clay 

Sand  (first  flow) 

Blue  clay,  with  streaks  of  san< 

Sand  (big  flow) 

Clay,  witn  a  few  small  strealu 
Coarse  gravel  (good  flow) 


Thick- 
ness. 

Depth. 

FtH. 
7 

Feet, 
70 

390 
2 

138 
10 

1«0 
5 

4fiO 

462 

ITS  every  15  to  30  feet) 

600 

610 

nd  (some  smaJl  flows) 

800 

m& 

The  temperature  of  this  well  is  63°.     The  flow  is  about  150  gallons 
a  minute.     The  water  is  caught  in  a  reservoir  and  used  for  irrigation. 


VETE&AH  HXIOHBORHOOD. 


The  territory  about  Veteran  schoolhouse,  between  Veteran  andCar- 
nero  post-office,  is  one  in  which  ditch  water  is  likely  to  fail  in  a  dry 
year,  and  this  has  led  to  the  extensive  development  of  artesian  wells. 
This  fact  is  brought  out  on  the  map  by  the  close  alignment  of  the 
wells  along  the  west  side  of  the  farms.  The  strongest  flows  in  the 
valley,  considering  the  depth,  are  to  be  found  in  this  neighborhood. 

One  of  the  largest  wells  is  the  Espinosa  w^ell  in  the  NW.  \  sec.  7, 
T.  42  N.,  R.  8  E.  This  well  is  3  inches  in  diameter,  265  feet  deep,  and 
cased  to  the  bottom.  It  throws  a  jet  25  inches  above  the  top  of  the  cas- 
ing, equivalent  to  a  flow  of  over  250  gallons  a  minute.  In  1891  it  had 
a  jet  33 1  inches  high,  as  recorded  by  Professor  Carpenter,  who  reports 
that  it  is  said  to  have  had  originally  a  jet  41  inches  high.  The  tempera- 
ture of  this  well  is  54°,     A  view  of  the  well  is  shown  in  Plate  XI,  A. 

A  half  mile  north,  on  the  Navin  ranch,  in  the  southwest  comer  of 
sec.  1,  T.  42  N.,  R.  8  E.,  two  3-inch  wells,  383  feet  deep,  and  cased  for 
83  feet,  have  jets  10  and  27  inches  high,  the  well  with  the  higher  jet 
having  been  recently  put  down.  The  pressure  of  the  older  well  as 
shown  by  gage  indicates  a  head  of  24  feet.  The  temperature  is  55°. 
The  combined  flow  of  the  two  wells  is  very  nearly  1  second-foot. 
The  first  flow  was  struck  at  60  feet,  the  second  at  120,  and  the  third 
at  335  feet.     A  view  of  the  newer  well  is  shown  in  Plate  XI,  B. 

Two  miles  northeast  of  Veteran  schoolhouse,  in  the  southwest 
comer  of  the  SE.  J  sec.  31,  T.  43  N.,  R.  8  E.,  the  Woodhouse  weU,  2 
inches  in  diameter,  has  a  jet  of  13  inches.  In  this  well  a  species  of 
alg8B  had  grown  in  such  a  manner  as  to  constrict  the  opening  and 
cause  the  water  to  jet  to  a  height  of  4  feet. 

Practically  all  the  wells  in  this  region  have  excellent  flows,  but  up 
the  rise  toward  Camero  post-office  the  flows  are  smaller  and  smaller 
to  the  limit  of  the  flowing  wells. 


Digitized  by  VjOOQIC 


U.  8.    GEOLOGICAL   SURVEY  WATER-SUPPLY   PAPER   240      PLATE  XI 


A.     ESPINOSA  WELL.  BORED  IN  1888. 


B.     NAVIN  WELL,  BORED  IN  1903. 
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SWKDB  COMMEMB  AMD  YldXTTY. 

Orer  a  small  area  in  the  vicinity  of  Swede  Comers  the  wells  have 
an  undulv  high  temperature,  out  of  all  proportion  to  their  depth.  In 
f'jur  veUs  at  Swede  Comers,  100  to  159  feet  deep,  the  temperatures 
rmze  from  56°  to  61  **.  The  high  temperatures  extend  2  miles  south- 
ward, and  in  the  northwest  comer  of  sec.  19,  T.  43  N.,  R.  8  E.,  a  well 
2J0  feet  deep  has  a  temperature  of  58  J°.  A  quarter  mile  south  the 
wfU  temperature  drops  to  53°,  and  a  quarter  mile  southwest  of  that  it 
b  45",  which  is  normal  in  the  valley  for  a  well  100  feet  deep.  One- 
half  mile  northeast  of  the  Comers  the  temperature  is  58°  and  54°,  but 
a  mile  and  a  half  northeast  it  drops  to  45°  for  a  well  126  feet  deep. 
Dae  eastward  the  temperatures  resume  the  normal  at  about  the  same 
rate.  Xo  reason  is  apparent  for  these  excessive  temperatures  except 
the  probability  of  more  recent  uncooled  lavas  at  no  great  distance 
below.  Igneous  rocks  project  above  the  valley  slope  2  miles  west  and 
also  3  mfles  north  of  the  Comers.  It  seems  probable  that  there  is  in 
this  vicinity  an  intrusive  sheet  of  lava  of  small  extent  a  short  distance 
below  the  surface,  the  heat  radiating  from  which  raises  the  tempera- 
tures in  the  affected  area. 

A  3-inch  well  in  the  NW.  J  SW.  J  sec.  7,  T.  43  N.,  R.  8  E.,  is  reported 
to  have  this  section: 


Section  of  well  south  of  Su^ede  Comers. 


•Thick- 
ness. 


Fret. 

R«ent!  Gravel  10 

Aiamosa  fonnation: 

Whlteclay 70 

Blue  clay 32 

Sand  (firet  flow) 1 

Blue  clay 34 

Sand  and  gravel  (stnmg  flow) 9 


Depth, 


Feet. 
10 

80 
112 
113 
147 
156 


The  well  has  a  flow  of  about  130  gallons  per  minute.  The  tem- 
perature is  61^. 

In  the  northwest  comer  of  the  SE.  J  sec.  6,  half  a  mile  north- 
east of  the  Comers,  a  well  is  reported  with  this  section : 

Section  of  well  northeast  of  Swede  Comers. 


Thick- 


Ft.   in. 

Rfwnt:  Sou  and  gravel 12 

Abmosa  fbrmation: 

Clay 110 

Bind  (first  flow) 1 

Clay 37 

Sand  (second  flow) 1 

Clay 19 

Oravel  (third  flow) 9 

Hard  layer  (fourth  flow) 1 


Depth. 


Feet. 
12 

122 
123 
100 
Itil 
180 
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The  well  is  2  inches  in  diameter  and  the  flow  rises  3  inches  above 
the  casing.     The  temperature  is  58®. 

In  lot  1,  in  the  northeast  comer  of  the  same  section  as  the  last- 
described  well,  there  is  a  3-inch  well,  whose  water  has  a  pronounced 
chalybeate  taste  and  leaves  a  yellowish  rusty  deposit  on  the  sides  of 
the  stream  running  away  from  the  well. 

WA&HZB  HXiaHBORHOOD. 

In  the  neighborhood  of  Warner  schoolhouse  the  supply  of  water 
from  the  irrigation  canals  has  been  inadequate  for  several  seasons, 
and  the  dependence  is  almost  altogether  on  artesian  water.  Most 
of  the  wells  sunk  for  irrigation  purposes  are  3  inches  in  diameter, 
but  recently  several  4,  6,  and  6  inch  wells  have  been  put  down  for 
that  purpose.  These  secure  good  flows  at  an  average  depth  of  about 
200  feet.  The  following  section  is  given  by  local  well  drillers  as 
typical  of  the  region: 


Section  of  well  near  Warner  schoolhouse. 

Thick- 
,   ness. 

Depth. 

Reoeot: 

SoU  and  alluyium 

'    Feet. 
5 

Fed. 
5 

Wash  gravel  and  sand 

::::::'     75 

80 

Alamosa  formation r 

Clay 

100 

\» 

Sand,  gravel,  ^d  clay  (severeil  small  flows  and  one  strong  one) 

40 

230 

MbFFAT  Aim  VICIHITT. 

All  the  wells  in  the  low  ground  about  MoflFat  and  extending  north 
toward  Mirage  station  have  good  flows  ranging  from  50  to  100 
gallons  or  more  a  minute.  The  sketch  plan  of  the  village  of  Moffat 
(fig.  10)  shows  the  location  and  number  of  the  wells  in  that  place. 

The  Denver  and  Rio  Grande  Railroad  well  at  Moffat  is  one  of  the 
deepest  wells  in  the  valley.  No  geologic  record  of  the  well  is  avail- 
able. It  is  1,045  feet  deep.  The  bore  is  8  inches  for  300  feet,  and  3 
inches  from  that  depth  to  the  bottom.  The  first  flow  was  struck 
at  365  feet,  the  fourth  and  largest  flow  at  880  feet,  and  the  sixth  flow 
at  a  depth  somewhat  greater  than  1,000  feet.  The  large  flow  was 
cased  off,  so  that  only  the  lower  flow  is  now  running.  This  has  a 
head  of  over  30  feet  and  discharges  about  207  gallons  a  minute  into 
the  water  tank  27  feet  above  the  ground.  Small  pecten-like  shells  an 
inch  in  diameter  are  reported  at  a  depth  of  900  feet.  An  analysis 
of  water  from  this  well  will  be  found  in  the  table  of  analyses  on 
page  112. 
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1 


?JL___J 


I I 


JL 


Along,  the  course  of  the  Rito  Alto  from  Moffat  to  the  flowing- 
well  limit  there  are  a  number  of  good  wells,  principally  on  the 
Shellabarger,  Wales,  and  Frazee  ranches.  A  2-inch  well  in  the 
northeast  comer  of  sec.  4,  2  miles  northeast  of  Moffat,  is  300  feet  deep, 
cased  for  200  feet.  It  has  a  flow  of  about  70  gallons  a  minute.  The 
well  has  a  head  of  over  32  feet.  In  sec.  34,  half  a  mile  northeast  of 
the  last-mentioned  well,  a  3-inch  well,  770  feet  deep  and  cased  to  660 

feet,  has  a  good 
flow.  A  3-inch 
well  a  short  dis- 
tance northeast, 
with  a  depth  of 
308  feet,  has  a  flow 
which  rises  3 
inches  over  the 
casing. 

At  A.  Shella- 
barger's  house 
there  is  a  well  665 
feet  deep,  which  is 
cased  3  inches  in  diameter  to  a  depth  of  300  feet  and  2  inches  in 
diameter  to  a  depth  of  616  feet.  Much  diflSculty  was  experienced  in 
sinking  this  well,  owing  to  the  cobblestones  that  lay  scattered  all  the 
way  through  the  sand  and  clay.  It  was  necessary  to  attach  a  per- 
forated pointed  steel  shoe  to  the  bottom  of  the  casing  in  order  to 
force  it  down.     A  section  of  the  well  is  as  follows: 


y  .Mu 


I — ^1 — I 


FiQUBB  10.— Plat  of  Moffat,  showing  k>catkm  of  weUs. 


Section  of  Shellabarger  well. 


Cbj  ind  sand  with  cobblestones 

^*hSteclay 

Sand  (good  flow) 

Chy 

Sand  (flow) 

Siod  and  clay  (flows  about  every  20  feet) 

Clay 

Qnvel  below  (strong  flow). 


Thick- 


Feet. 

300 

1 

2 

37 

t 

274 

24 


Depth. 


Fnt. 
300 
301 
303 
340 
342 
616 
640 


The  water  has  a  temperature  of  61°.  A  2-inch  well  near  by, 
which  draws  from  the  flow  at  300  feet,  now  yields  8  or  10  gallons 
per  minute  with  a  head  of  4  feet.  Originally  the  head  was  11  feet 
and  the  flow  about  30  gallons  a  minute.     The  temperature  is  51°. 

At  the  Frazee  house,  near  the  center  of  sec.  14,  a  well  367  feet  deep 
has  a  temperature  of  53°.  Flows  were  struck  at  220,  260,  and  335 
feet  in  depth,  the  first  two  being  light. 
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MIBAOE  Ajn>  vicnriTT. 

Mirage  is  situated  just  on  the  limit  of  the  flowing-well  area, 
and  a  number  of  wells  which  once  flowed  now  lack  a  few  feet  of 
rising  to  the  surface.  South  and  west  of  the  town  the  wells  get  good 
flows.  A  3-inch  well  on  the  Davidson  ranch,  in  the  SE.  J  sec.  4,  a 
half  mile  south  of  the  post-office,  has  a  flow  of  25  gallons  a  minute. 
Flows  were  struck  at  120,  155,  185,  and  213  feet  in  depth. 

Another  well  on  the  Davidson  ranch,  in  the  NE.  J  sec.  3,  three- 
quarters  of  a  mile  east  of  the  post-office,  is  613  feet  deep,  cased  to 
400  feet.  No  water  was  struck  that  would  flow.  At  613  feet  water 
rose  within  6  inches  of  the  surface.  Solid  rock,  believed  to  be  sand- 
stone by  the  driller,  was  found  at  613  feet. 

A  well  near  the  middle  of  the  south  side  of  the  SW.  J  sec.  34  was 
originally  a  flowing  well,  but  the  water  now  stands  6  feet  from 
the  top. 

The  well  at  Tobler's,  in  the  northeast  comer  of  the  SE.  \  sec.  33,  is 
218  feet  deep.  When  sunk  six  years  ago  it  flowed,  but  the  water  is 
now  reported  to  stand  16  feet  from  the  surface.  Other  attempts  to 
get  water  at  Tobler's  show  sand  and  clay  to  a  depth  of  200  feet, 
where  there  is  a  layer  of  hardpan,  thence  gravel  to  500  feet,  below 
which  there  is  40  feet  of  clay. 

A  well  near  the  northeast  comer  of  sec.  33  is  435  feet  deep.  A 
flow  was  stmck  at  308  feet  which  yielded  one-third  gallon  a  minute 
for  some  time,  but  the  flow  failed  and  the  water  now  stands  6  feet 
from  the  surface. 

A  well  in  the  northeast  comer  of  the  SE.  J  sec.  30  struck  water  at 
200  feet  in  solid  gravel.  In  the  northwest  comer  of  the  NE.  \  sec.  30 
a  well  over  600  feet  deep  is  6  inches  in  diameter  for  100  feet,  thence  4 
inches  for  400  feet,  and  3  inches  to  the  bottom.  This  well  flowed  a 
little  originally  but  now  lacks  a  few  feet  of  rising  to  the  surface. 

The  fluctuations  in  the  head  of  these  wells  are  not  to  be  considered 
as  changes  in  the  artesian  pressure  of  the  region  but  rather  as  local 
manifestations  due  to  defects  in  the  casing,  caving  in,  or  something 
of  that  sort.  The  absence  of  any  regularity  in  the  depth  at  which 
the  flows  are  obtained  is  a  result  of  the  different  conditions  of  deposi- 
tion of  the  sand  and  clay  beds  in  the  narrowed  area  of  the  valley  in 
this  vicinity,  the  sedimentation  here  partaking  more  of  the  character 
of  the  irregular  deposition  in  alluvial  fans  and  cones.  This  feature  is 
likely  to  be  more  marked  farther  north  up  this  arm  of  the  valley. 

SAH  ISABEL  AHD  VICINITY. 

In  the  vicinity  of  San  Isabel  post-office  there  are  a  number  of  good 
wells.  A  3-inch  well  in  the  NW.  J  NW.  }  sec.  15,  T.  43  N.,  R.  10  E., 
has  a  depth  of  380  feet  and  a  flow  of  55  gallons  a  minute.  The  water 
has  a  temperature  of  55i°,  is  clear  and  tasteless,  and  yields  no  gas. 
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though  it  is  near  the  northern  limit  of  the  Mosca-Hooper  area  of  gas- 
bearing  waters.  At  the  post-office  a  3-inch  well  affords  a  large  flow 
of  water  with  a  temperature  of  57°. 

In  the  NW.  J  sec.  12,  a  mile  northeast  of  the  post-office,  a  3-inch 
well  450  feet  deep  is  cased  to  200  feet.  It  has  a  head  of  over  30  feet, 
and  a  flow  which  rises  4  inches  over  the  casing,  yielding  about  100 
gallons  a  minute.     It  is  situated  in  a  reservoir  and  is  used  in  irrigation. 

In  the  SE.  J  NE.  \  sec.  2,  in  the  same  township  as  the  well  just 
described,  a  3-inch  well  375  feet  deep  has  a  temperature  of  58*^  and 
affords  a  fair  flow  of  water.  A  quarter  mile  south  of  this  well  a  new 
3-inch  well  890  feet  deep  affords  a  fine  flow  of  water. 

On  the  H.  Nash  ranch,  in  the  SE.  \  NE.  }  sec.  7,  T.  43  N.,  R.  11  E., 
just  north  of  the  Baca  grant,  a  3-inch  well  reaches  a  depth  of  866 
feet,  cased  for  520  feet.  Three  flows  were  struck,  the  lowest  of 
which  is  reported  to  jet  the  water  6  inches  above  the  casing,  indicat- 
ing a  yield  of  125  gallons  a  minute.     A  section  of  this  well  is* as 

follows: 

Section  of  Nash  well. 


Recent:  Gravel  and  red  sand 

Ahmow  formation: 

Yellow  clay 

Red  sand 

Yellow  clay 

Red  sand 

Black  sand 

Blue  clav 

Red  and  white  sand  (flow,  1-lnch  jet) 

Blue  clay 

Hard  white  sand  (flow,  3-inch  jet) . . . 

Blue  day.  hard 

White  sand  (flow,  5-inch  jet) 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

85 

85 

15 

100 

30 

130 

70 

200 

70 

270 

100 

370 

150 

520 

85 

605 

100 

705 

30 

735 

100 

835 

30 

865 

The  total  cost  of  the  well  was  S300. 


BACA  GRANT. 


The  eastern  limit  of  the  flowing-well  area  passes  through  the  Baca 
grant,  taking  in  a  strip  on  the  west  side  of  the  grant  in  which  flowing 
wells  can  be  got,  widening  from  3  miles  on  the  north  to  over  5  miles 
on  the  south.  The  ranch  is  given  over  to  stock  raising,  with  some 
native-hay  land;  so  most  of  the  wells  have  been  sunk  to  obtain 
stock  water.  Several  deep  wells  that  failed  to  get  water  are  described 
under  the  head  of  nonflowing  wells  in  the  vicinity  of  Crestone  (p.  100). 

The  well  at  the  sheds  is  3  inches  in  diameter  and  481  feet  deep. 
It  flows  8  to  10  gaflons  a  minute  and  has  a  temperature  of  62®. 
The  well  by  the  lake  in  the  southwestern  portion  of  the  grant  is  3 
inches  in  diameter,  with  a  flow  of  25  gallons  a  minute.  The  water 
is  very  slightly  tinted  and  there  is  a  good  flow  of  gas.  At  the  South 
Camp  the  3-inch  well  has  a  temperature  of  47*^  and  a  flow  of  8  gallons 
a  minute. 
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MXDAVO  &AVCK. 

On  the  Medano  ranch  there  are  twenty-seven  2  and  3  inch  wells 
rangmg  from  200  to  600  feet  in  depth.  The  flows  in  general  are  good. 
Those  on  the  west  side  of  the  ranch  usually  have  more  or  less  gas, 
and  the  water  shows  a  slight  brownish  tint,  in  common  with  the 
waters  of  the  Mosca-Hooper  district. 

One  of  these,  in  the  SE.  J  sec.  7,  T.  40  N.,  R.  12  E.,  known  as  the 

Baker  well,  is  476  feet  deep.     It  is  cased  for  some  distance  with  2- 

inch  pipe,  and  to  the  bottom  with  IJ-inch  pipe.     Small  flows  were 

struck  at  121,  165,  and  476  feet.     The  well  went  through  coarse 

sand  much  the  greater  part  of  the  distance,  and  there  was  but  a  small 

amount  of  clay. 

CAuams  &AVCH. 

On  Mrs.  A.  M.  Calkins's  ranch  near  the  center  of  sec.  1,  T.  38  N., 
R.  12  E.,  of  three  wells  217  to  228  feet  deep,  two  struck  flowing  water 
and  one,  the  easternmost,  failed  to  get  a  flow.  In  the  two  wells 
water  was  struck  at  160  feet  and  lacked  2  feet  of  reaching  the  sur- 
face.    The  flow  was  struck  at  228  feet. 

A  weU  on  the  same  ranch  in  the  SE.  J  sec.  2,  T.  38  N.,  R.  12  E., 
gave  the  following  record : 

Section  of  Calkins  well. 


Recent:  Gravel  and  sand 

Alamosa  formation: 

Clay 

Black  sand  (water  rose  just  to  surface) 

Clay 

Black  sand  (second  flow) 

Clay 

Black  sand  (strong  flow) 


Thick- 
ness. 


Feet. 
50 


Depth. 


Fett. 
50 


10  60 

70  130 

fiO  j  180 

00  '  240 

90  I  2go 

10  300 


A  2-inch  well  195  feet  deep  in  sec.  16,  T.  38  N.,  R.  12  E.,  bored 
in  1902,  is  reported  to  have  thrown  a  jet  12  inches  above  the  casing 
when  new  and  not  to  have  failed  any  since.  A  section  of  the  well 
is  reported  as  follows: 

Section  of  well  in  sec.  16,  T.  S8  N.,  R,  12  E. 


Recent:  Gravel  (cased) 

Alamosa  formation: 

Blue  clay 

Gravel  site  of  pigeon's  egg  (strong  flow). 


Thick- 
ness. 


F^et. 
05 


100 

1 


Depth. 


FeH. 


9S 


195 
196 
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CENTRAL   OB   MOSCA-HOOPER    REGION.    ' 
OOOinEtRSVCX  OF  GAS  AHD  OOLO&SD  WATXB. 

Lying  in  the  trough  of  the  valley  and  stretchmg  from  a  pomt  4 
miles  northeast  of  Alamosa  within  3  miles  of  Moffat,  with  a  length  of 
30  miles  and  an  average  width  of  8  miles,  is  an  area  in  which  gas  is 
mingled  with  the  waters  of  the  deeper  wells.  Coinciding  with  this 
area,  but  extending  3  or  4  miles  farther  west,  is  a  region  in  which  the 
water  of  the  deeper  wells  is  colored.  This  color  varies  from  the 
lightest  tints  of  brown  or  brownish  yellow  to  a  decided  brownish 
color,  like  that  of  swamp  water  or  water  that  has  collected  in 
rotten  wood.  Both  areas  are  shown  on  the  map  accompanying  this 
report  (PI.  I).  This  region  of  tinted  and  gas-bearing  water  is  gen- 
erally known  as  the  Mosca-Hooper  district. 

In  explanation  of  this  occurrence  of  gas  and  tinted  water  there  is 
to  be  noted  the  significant  position  of  the  area  in  the  trough  of  the 
valley,  with  which  it  so  strikingly  corresponds  in  outline.  Just  as 
this  is  now  the  lowest  portion  of  the  valley,  it  probably  was  so  in  the 
later  stages  of  deposition  of  the  Alamosa  formation.  The  occurrence, 
particularly  in  this  district,  of  vC^ood,  bark,  peaty  moss,  and  seeds  has 
already  been  noted.  The  high  content  of  alkalies  in  the  tinted 
waters  is  shown  in  the  table  of  analyses  on  page  112.  That  this  is 
not  a  separate  basin,  and  that  the  same  aquifers  which  farther  west 
yield  the  usual  pure  water  of  the  valley  here  yield  the  tinted  alkali 
and  gas-bearing  water,  is  proved  by  the  continuity  of  the  aquifers* 
the  evidence  of  which  has  already  been  shown  (p.  44).  Consideration 
of  these  facts  leads  to  the  conclusion  that  there  were  arid  periods 
during  the  deposition  of  the  water-bearing  sands  and  clays  of  the 
Alamosa  formation,  when  the  water  of  the  lake  shrank  to  a  small 
shallow  area  in  the  trough  of  the  valley,  and  that  this  area  of  more  or 
less  alkaline  water  afforded  a  growth  of  vegetation,  in  particular  of 
mosslike  plants.  Later,  when  the  deposition  of  the  series  was  com- 
plete, these  interbedded  alkaline  and  peaty  sands  and  clays  became 
water  bearing.  As  water  was  drawn  from  the  area  pure  water  from 
the  outside  took  its  place  and  in  turn  dissolved  the  alkalies  and  took 
up  the  peaty  infusion.  Thus  in  time,  with  the  continual  draft  upon 
the  waters  of  the  area,  they  must  tend  to  become  fresher  and  less 
highly  colored  and  eventually,  in  the  remote  future,  to  become  like 
the  other  water  of  the  valley.  The  extension  of  the  colored-water 
area  beyond  the  gas-bearing  area,  west  of  Mosca  and  Hooper,  admits 
of  an  interesting  speculation.  It  seems  reasonable  that  the  heavy 
drain  upon  the  water-bearing  series  in  the  region  of  closely  crowded 
wells  west  of  Mosca  and  Hooper  has  caused  a  movement  of  the 
waters  out  from  the  Mosca-Hooper  district  toward  the  region  of  heavy 
drain,  and  that  this  movement  carried  the  colored  water  beyond  its 
42120^— W8P  240—10 6 
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original  bounds.  Just  why  there  was  not  a  similar  migration  of  the 
gas  is  not  so  clear,  though  it  is  true  that  the  gas  occupying  the  local 
irregularities  in  the  upper  surface  of  the  aquifers  would  not  be  so 
subject  to  lateral  movement  as  the  water.  Furthermore,  it  is  prob- 
able that  some  of  the  gas  is  stored  in  lenses  of  sand  inclosed  in  the 
clay  beds  and  not  laterally  connected  with  the  aquifers.  In  such  a 
situation  it  would  not  be  subject  to  movement  like  that  of  the  water. 
The  presence  of  gas  has  led  to  some  prospecting  for  oiL  The  log 
of  the  deepest  well  sunk  by  the  Chicago  and  San  Luis  Oil  Company, 
4i  miles  due  east  of  Mosca,  is  given  on  page  43.  Oil  sciun  on  the 
water  and  oil  on  the  drill  rope  are  reported  from  this  well,  but  no 
flow  of  oil  was  struck,  and  prospecting  is  at  a  standstill.  In  general 
it  is  not  to  be  expected  that  oil  and  gas  will  be  struck  in  an  artesian 
basin;  yet  the  Florence  (Colorado)  oil  field  is  an  instance  of  such  a 
relation.  The  oil  there  arises  from  carbonaceous  shales  and  is  stored 
in  lenticular  bodies  of  sandstone  inclosed  on  all  sides  by  shale.  From 
the  sections  and  discussions  in  the  preceding  pages  it  is  clear  that  the 
Alamosa  formation  is  made  up  of  a  series  of  persistent  clay  and  sand 
beds,  so  that  the  occurrence  of  lenticular  beds  of  sand  near  the  center 
of  the  valley  is  not  to  be  expected.  It  may  be,  however,  that  in  the 
local  heavy  beds  of  clay  reported  in  the  region  there  are  sand  lenses; 
and  the  possibility  of  gas  occurring  in  these  has  already  been  D^en- 
tioned.  It  may  safely  be  predicted,  however,  that  no  conside/^^v 
qiiantity  of  oil  will  ever  be  found  in  the  Alamosa  formation,  tot  "^^ 
beds  of  that  formation  are  but  slightly  carbonaceous  and  the  quan- 
tity of  gas  already  discovered  is  as  great  a  volume  of  hydrocarbons  as 
the  carbonaceous  content  of  the  formation  could  reasonab(i/  be 
expected  to  furnish.  Further,  the  imderlying  Santa  Fe  formation 
(gravel  beds  interbedded  with  lava  flows)  offers  very  little  prospect 
for  oil  below  the  Alamosa  formation.  The  chance  in  the  San  Luis 
Valley  of  striking  any  oil-bearing  beds  of  greater  age  than  these  at 
any  depth,  however  great,  is  exceedingly  remote. 

M08CA  Aim  vicunTT. 

No  accurate  log  exists  of  any  deep  well  in  the  immediate  vicinity 
of  Mosca,  but  the  geologic  section  of  the  ''oil  well,"  1,283  feet  deep, 
4J  miles  east  of  Mosca,  has  been  given  on  page  43.  In  the  village 
itself  there  are  17  wells,  the  location  of  which  is  shown  on  the  town 
plat  (fig.  11). 

The  town  well  in  Mosca  is  400  feet  deep.  The  first  flow,  at  160  feet, 
just  comes  to  the  surface.  This  flow  is  clear.  Other  flows,  every  15 
to  30  feet  down  to  a  depth  of  400  feet,  are  colored  with  various  tints 
of  light  bro>\Ti.  The  chemical  composition  of  the  water  is  given  in 
the  table  of  analyses,  page  112. 
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A  5-inch  well  near  the  sohoolhouse  in  Mosca  is  500  feet  deep.  The 
^mperature  is  66^  and  the  flow  is  about  50  gallons  a  minute.  The 
water  is  of  a  decided  brownish  color  and  has  a  slight  taste,  neither 
acid  nor  salty,  yet  repellent. 

The  Mosca  Milling  and  Elevator  Company's  well  is  4  inches  in 
diameter  and  600  feet  deep.  The  first  flow  was  struck  at  200  feet 
and  other  flows  about  every  50  feet  down  to  the  bottom  of  the 
well.  The  well  furnishes  a  large  flow  of  water,  which  has  a  very 
slight  brownish  tint  and  a  very  small  amount  of  gas.     The  tempera- 


FlouRn:  11.— Plat  of  Mosta,  showing  location  of  wells. 

ture  is  69®.  An  analysis  of  the  water  will  be  found  in  the  table  of 
analyses,  page  112. 

A  well  in  the  SE.  {  sec.  16,  a  mile  south  of  Mosca,  is  3S5  feet  deep. 
The  water  has  a  temperature  of  60°,  a  light-brownish  tint,  and  a 
slight  taste  of  sulphur.  This  is  the  second  flow,  but  the  first  flow,  at 
^  feet,  is  reported  to  be  good  clear  water. 

At  Peter  Andersen's,  in  the  N  W.  i  8W.  \  sec.  26,  T.  39  N.,  R.  10  E., 
the  well  is  cased  2  inches  in  diameter  to  a  depth  of  340  feet  and  H 
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inches  in  diameter  to  a  depth  of  500  feet,  the  first  flow,  at  200  feet, 
thus  being  cased  off.  The  upper  flow,  from  a  depth  of  340  feet,  has  a 
temperature  of  62°  and  the  lower  flow,  from  a  depth  of  500  feet,  a 
temperature  of  63°.  There  is  probably  a  greater  difference  than  this 
in  the  real  temperatures  of  the  flows,  but  flowing  alongside  each  other 
to  the  surface  they  tend  to  come  to  an  average.  The  upper  flow  has 
a  perceptible  color  and  a  peculiar  taste,  such  as  one  would  expect  of 
water  standing  in  a  hollow  stump.  The  lower  flow  has  a  pronoimced 
taste  and  color,  and  there  is  perceptible  a  very  small  amount  of  gas. 
The  upper  flow  yields  about  1  gallon  and  the  lower  about  4  gallons  a 
minute.  An  analysis  of  the  water  from  the  lower  flow  is  given  in  the 
table  of  analyses  on  page  112. 

A  3-inch  well  in  the  NE.  J  sec.  27,  one-fourth  mile  northwest  of  An- 
dersen's well,  of  unknown  depth,  has  a  temperature  of  66°.  The 
water  from  this  well  is  very  dark  and  kills  all  the  vegetation  along  the 
overflow  from  the  well  in  a  strip  10  to  15  feet  wide.  Over  this  area 
white  crusts  of  alkali  have  formed  around  the  drying  edges  of  the 
stream. 

A  mile  south  of  Andersen's  well,  in  the  northwest  comer  of  the 
SW.  i  sec.  35,  a  2-inch  well,  500  feet  deep,  which  has  now  ceased  to 
flow,  furnished  water  for  the  analysis  by  Dr.  W.  P.  Headden,  which  is 
given  in  the  table  of  analyses  on  page  112. 

In  the  NW.  J  NW.  J  sec.  8,  T.  38  N.,  R.  1 1  E.,  there  is  a  3-inch  well 
800  feet  deep  which  flows  3  inches  over  the  casing,  indicating  a  flow 
of  about  90  gallons  a  minute.  The  temperature  is  71°.  There  is  a 
slight  flow  of  gas.  The  water  has  a  light-yellowish  tint  and  a  slight 
taste  of  sulphur.  Its  chemical  composition  is  indicated  in  the  table 
of  analyses,  page  112. 

Several  miles  west  of  Mosca,  on  the  J.  M.  Chritton  ranch,  the  fol* 
lowing  section  occurs,  according  to  Professor  Carpenter: 

Section  of  Chrilton  uell. 


Thick- 


DepUi. 


Recent: 

Dark  sandy  loam 

Coarse  sand  and  gravel 

Alamosa  formation: 

Fine  llght-yellow  sand 

Yellow  Impervious  clay 

Blue  clay 

Black  sand  (small  flow) 

Blueelav 

Fine  black  sand  (fine  flow) 

Blue  clay 

Fine  black  sand  (flow).... 

Blue  clay 

Black  sand  (strong  flow). 


ft. 

F^. 

7 

7 

13 

20 

22 

42 

18 

60 

W 

158 

1 

150 

4 

163 

3 

166 

45 

211 

12 

223 

53 

276 
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On  the  Watson  ranch,  5  miles  northwest  of  Mosca,  there  are  two 
3-inch  wells  which  are  both  712  feet  deep  and  are  cased  to  a  depth  of 
200  feet.  One  of  them  is  in  the  SW.  i  sec.  35,  and  the  other  is  in  the 
SE.  {  sec.  34,  T.  40  N.,  R.  9  E.  The  flow  of  these  wells  has  a  tem- 
perature of  63°  and  forms  a  jet  5^  inches  high,  indicating  a  flow  of 
approximately  120  gallons  a  minute.  A  section  of  this  well  is 
reported  as  follows: 

Section  of  Watson  well. 


Thick- 
ness. 


Depth. 


Beoent:  OraTel  and  sand 

Ahunosa  formation: 

YeUow  clay 

Gray  sand 

Blue  clay 

Black  sand  (water,  no  flow) 

Blue  clay 

Sand  (first  flow,  small) 

B  lue  clay 

Sand  (second  flow) 

Blue  clay 

Sand  (third  flow) 

Clay  with  sand  beds  (numerous  flows) 

Sand  (main  flow) 

Clay  with  sand  beds  (small  flows) 


Feet. 
00 

4 
10 

ao 

3 
87 

2 
38 

2 
58 

2 

333 

12 

05 


Feet. 
00 

04 
80 
110 
113 

2no 

203 
240 
242 
300 
3U2 
035 
047 
712 


HOOPER  AND  VICnnTY. 


There  are  23  wells  shown  on  the  Hooper  town  plat  (fig.  12).  Most 
of  these  flow  through  the  drill  rods,  consisting  of  1-inch  pipes,  which 
are  allowed  to  remain  in  the  wells  in  order  to  lessen  the  liability  to 
cave  in  that  is  shown  by  wells  in  this  vicinity. 

The  Garrison  Mill  and  Elevator  Company's  well  was  sunk  in 
August,  1897,  has  a  diameter  of  4  J  inches,  is  cased  to  the  bottom, 
and  flows  70  gallons  a  minute.  The  temperature  is  69°.  The  water 
has  a  pronounced  taste  of  soda  and  a  slight  brownish  tint,  with  a 
very  small  flow  of  gas.  An  analysis  of  the  water  will  be  found  in 
the  table  of  analyses  on  page  112.     The  log  is  as  follows: 

Log  of  Garrison  Mill  and  Elevator  Company  well. 


Recent:  Surface  gravel  and  sand 

Alamosa  formation: 

Blue  clay 

Black  sand  (no  flow) 

Blue  clay 

Fine  sand  (first  flow,  small) 

Blue  clay  with  2-foot  beds  of  sand  and  flows  everv  50  feet  (various  flows) 

Blue  clay,  In  strata  15-30  feet  thick,  with  Interstratifled  sand  beds  12  feet  thick 
(various  flows) 


Thick- 
ness. 


Feft. 
90 

15 
5 

90 

6 

445 


90 


Depth. 


Feet. 
90 

105 

no 

200 
205 
650 

740 
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The  Denver  and  Rio  Grande  Railroad  well,  situated  250  feet  south- 
east of  that  described  above,  has  the  following  record : 

Log  of  Denver  and  Rio  Grande  Railroad  well  at  Hooper. 


Recent: 

Soil 

Gravel 

Alamosa  formation: 

Sand 

Blue  clay 

Blue  clay  with  sand  strata 

Sand  (small  flow) 

Clay  and  sand  (various  flows). 

Blue  clav 

Sand  below  (heavy  flow). 


Thick- 


Depth. 


FtH. 

Feet. 

3 

3 

10 

13 

52 

65 

143 

208 

124 

332 

1 

333 

251 

5»4 

30 

614 

The  diameter  of  the  well  is  4  inches.     The  flow  originally  had  a 
head  27  feet  above  the  top  of  the  ground  and  the  well  had  a  flow  of 


FiouBE  12.~Plat  of  Hooper,  showing  location  of  wells. 

50  gallons  a  minute.  The  water  has  a  decided  brownish  tint  and 
is  without  gas.  An  analysis  of  the  water  is  given  in  the  table  of 
analyses  on  page  112. 
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The  town  well,  situated  in  the  intersection  of  Fourth  avenue  and 
Main  street,  is  about  300  feet  deep.  It  is  cased  for  a  short  distance 
with  3-inch  casing,  and  inside  this  is  a  2-inch  casing  reaching  to  the 
bottom  of  the  well.  The  flow  is  approximately  1  gallon  a  minute 
but  was  originally  about  4  gallons.  The  temperature  is  53**.  The 
water  is  clear,  with  a  slight  taste  of  sulphur.  The  sodium  carbonate 
in  this  well,  as  determined  by  the  electrolytic  method,  is  103  parts 
per  million. 

A  well  in  block  8,  in  the  northeast  comer  of  the  town,  is  1  inch  in 
diameter  and  425  feet  deep.  It  has  a  head  somewhat  more  than  14 
feet.     The  temperature  is  54°  and  the  water  clear. 

A  2-inch  well  in  the  northwest  comer  of  sec.  6,  T.  42  N.,  R.  10  E., 
has  a  temperature  of  65*^  and  flows  2i  inches  above  the  casing,  indi- 
cating a  volume  of  35  gallons  a  minute.  The  water  has  a  decided 
brownish  tint.  An  analysis  of  this  water,  published  by  the  United 
States  Department  of  Agriculture,**  is  given  in  the  table  of  analyses 
on  page  112. 

A  well  one-half  mile  west  of  Swede  schoolhouse,  in  the  SE.  J  sec. 
19,  T.  41  N.,  R.  10  E.,  stmck  flows  at  the  following  depths: 

Feet. 

Firetflow 220 

Second  flow  (good) 380 

Third  flow 450 

Fourth  flow *. 510 

Fifth  flow ; 550 

The  well  Is  cased  for  112  feet.  The  flows  below  380  feet  are  now 
shut  off  by  caved  walls.  The  temperature  is  59°  and  the  well  has 
a  flow  of  15  gallons  a  minute.  The  water  has  a  sUght  brownish 
tint. 

In  the  corral  on  the  ranch  of  George  W.  Clark,  in  the  SE.  J  NW.  J 
sec.  18,  T.  41  N.,  R.  11  E.,  there  is  a  3-inch  well  630  feet  deep,  cased 
to  360  feet.  It  has  a  temperature  of  60°  and  a  discharge  of  about 
70  gallons  a  minute.  The  water  has  a  faint  brownish  tint  and  is 
highly  charged  with  gas.  The  well  is  equipped  with  a  device  for 
separating  the  gas  from  the  water  and  storing  it,  a  reproduction  in 
miniature  of  a  municipal  gas-storage  tank,  which  is  shown  in  Plate 
XII,  A.  Collected  in  this  way  the  well  aiTords  a  sufficient  volume 
of  gas  for  a  cook  stove  and  one  gas  jet.     The  gas,  in  common  with 

a  Field  operations,  Bureau  of  Soils,  19U3,  p.  1114. 
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'^i.vl    In*.  Sv«   IT-  «iu ... 

'«7 --> 
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Fert. 
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f>n  the  Star  ranch,  in  sec.  26.  T.  42  N.,  R.  10  E.,  there  are  two 
3-inrh  melLs,  lx>th  of  whirh  \'ielii  ^lis.  The  one  at  the  corral,  sup- 
pr>seil  U)  be  Ixrtween  400  and  500  feet  deep,  has  a  temperature  of 
4S^  and  flows  less  than  a  gallon  a  minute.  The  water  is  of  a  light- 
yellow  <x>lor.  Tlie  esrapinjr  ?as  forms  a  frothy  foam,  which  stands  6 
imrhes  alxive  the  surface  of  the  water  and  bums  with  a  bright  yel- 
low flame.  Half  a  mile  s^)uthea.st  of  the  corral  is  the  other  well, 
Ixired  3  inches  in  diameter  to  a  depth  of  400  feet  and  2  inches  in 
diameter  U)  a  de[)th  of  SOO  feet.  The  water  has  a  temperature  of 
liV^,  a  li^ht-hrownL^h  tint,  and  a  j>eculiar  saltish  taste.  The  flo^w  of 
water,  mixed  with  ^ji.s,  filLs  the  2-inch  horizontal  dischaige  pipe  and 
amounts  to  20  or  25  gallons  a  minute.  It  is  used  for  stock  water. 
Tlie  well  affords  a  considerable  volume  of  gas,  which  bums  with  a 
yellow  flame  2  feet  high.  The  amount  of  gas  would  apparently  be 
ample  to  mn  a  heating  or  cooking  stove  or  several  gas  jets. 

KZMVST  RAVCH. 

C>n  the  Stephen  Kinney  ranch  there  are  ten  wells, ranging  from  500 
to  1,01S  feet  deep,  all  of  which  have,  for  the  valley,  copious  flows  of 
gas  tliough  not  ver}'  gf)od  flows  of  water.  0\%ing  to  the  tendency 
of  2  and  3  inch  wells  to  l)ecome  choked  up  by  indrawn  chunks  of 
clay,  the  drill  rods  were  left  in  all  these  wells,  so  that  the  water  now 
flows  through  1-inch  pipes.  An  unusual  feature  of  the  geologic 
structure  of  this  region  is  the  reported  preponderance  of  clay,  the 
warcity  and  small  sixe  of  the  sand  l>eds,  and  the  great  depths  to  the 
flows. 

Tlie  house  well,  near  the  center  of  sec.  .35,  T.  43  N.,  R.  10  E.,  is 
cas^»d  2  inches  in  diameter  for  454  feet,  shutting  off  the  first  flow,  a 
small  one  with  much  gas,  at  450  feet.     The  1-inch  casing  reaches  to 
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630  feet  and  the  depth  of  the  well  is  639  feet.  The  flow  is  about  10 
gallons  a  minute^  with  much  gas.  •  The  water  has  a  temperature  of 
63^  and  a  taste  and  tint  similar  to  the  other  gas-bearing  waters  of  the 
Mosca-Hooper  district.  A  short  distance  from  this  well  another  one 
has  been  recently  sunk  with  the  object  of  obtaimng  gas  for  domestic 
uses.  The  diameter  is  2  inches  and  the  depth  766  feet.  The  tem- 
perature of  the  water  is  68®.  A  good  flow  of  gas  was  obtained,  which 
is  collected  and  stored  in  a  suitable  tank. 

In  the  SW.  J  sec.  3,  T.  42  N.,  R.  10  E.,  there  is  a  well  cased  3  inches 
to  864  feet  and  2  inches  to  995  feet.  The  total  depth  of  the  well  is 
1^18  feet.  The  well  stopped  in  a  black  sticky  mud,  which  could  not 
be  handled  by  the  hydraulic  process  of  boring.  A  small  flow  was 
found  at  600  feet  and  a  better  one  at  700  feet,  but  both  had  so  much 
gas  that  they  choked  up  the  pipes.  According  to  the  driller,  Mr. 
Charles  Speiser,  the  gas  here  caused  a  geyser-like  intermittent  flow, 
which,  at  intervals  of  an  hour,  caused  the  water  to  flow  to  the  top  of 
the  derrick,  32  feet  high.  Later  the  interval  lengthened  to  four  or 
six  hours,  and  mud  and  water  were  thrown  to  a  height  of  60  and  75 
feet.  The  rise  and  fall  of  the  column  was  gradual.  White  at  first 
with  the  foam  of  included  gas,. the  colunm  would  afterward  become 
black  with  indrawn  mud  and  sand.  When  the  foam  was  ignited  at 
the  bottom  the  flame  would  run  to  the  top  of  the  colunm  and  fire  balls 
would  drop  down  the  side  and  reignite  the  foam  at  the  bottom,  the 
flame  mounting  the  column  again.  After  a  month  the  well  became 
choked.  It  was  cleaned  out  and  the  gas  was  cased  off.  Another 
flow  was  found  at  760  feet,  which  again  threw  mud  and  water  over 
the  derrick.  After  the  escape  of  the  gas  a  soft  sandy  mud  filled  with 
'^seeds'*  was  pumped  out.  The  ** seeds ^*  floated  upon  the  water  and 
covered  it.  They  were  soft  and  were  brownish  in  color,  turning  to 
black  in  simlight.  This  flow  was  likewise  cased  off,  and  but  a  single 
wea^  flow,  at  830  feet,  was  found  to  the  bottom  of  the  well.  This  well 
is  but  8  miles  southeast  of  the  Denver  and  Rio  Grande  Railroad  well  at 
Moffat,  which  is  nearly  of  the  same  depth  and  which  struck  such 
large  flows  of  water. 

Another  well  in  the  southwest  comer  of  sec.  11,  T.  42  N.,  R.  10  E., 
is  835  feet  deep.  No  flow  at  all  was  noticed  in  drilling  this  well,  but 
a  small  one  with  considerable  gas  came  in  afterward.  The  flow  of 
water  is  irregular,  sometimes  very  small,  sometimes  spouting  (mixed 
with  gas)  4  feet  over  the  casing,  and  again  flowing  gas  only. 

JACOBS  RAVCH. 

The  Jacobs  ranch  marks  the  extreme  northwestern  extent  of  the  gas 
region.     Several  wells  yield  considerable  gas,  but  no  use  is  made  of  it. 

In  the  NW.  }  sec.  26,  T.  43  N.,  R.  9  E.,  a  2-inch  well  500  feet  deep 
is  cased  for  125  feet.     It  has  a  flow  of  25  gallons  a  minute.    The 
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wat^r  ha«  a  temperature  of  58°  and  the  usual  taste  of  the  gas-bearing 

water,  but  no  color  is  visible.    There  is  a  fair  flow  of  gas. 

At  the  ranch  house,  in  the  XE.  J  sec.  34,  the  3-inch  well  is  404  feet 

deep  and  is  cased  for  224  feet.     It  flows  about  40  gallons  a  minute. 

The  water  has  a  temperature  of  57°,  a  slight  taste,  and  a  faint  color. 

It  has  also  a  good  flow  of  gas. 
The  strongest  flow  of  gas  on  the  ranch,  however,  is  found  in  the 

NE.  I  sec.  10,  T:  42  N.,  R.  9  E.,  in  a  3-inch  well  650  feet  deep,  cased 

for  325  feet.  The  flow  of  water 
is  reported  to  be  about  70  gallons 
per  minute. 


•  Flowing  well 
ONon-f  lowing  W€M 


SAN   LUIS   VILLAGE. 

San  Luis  viUage  lies  altogether 
outside  of  the  artesian  area  of 
the  valley.    Culebra  Creek  cuts 
through  the  lava-capped  San  Pe- 
dro Mesa  and  east  of  the  mesa, 
together  with  the  Rito  Seco,  it 
has  cut  out  of  the  Sfmta  Fe  forma- 
tion  a  parklike  valley  3   miles 
wide   and    several    miles    long. 
Situated  on  the  Rito  Seco,  just 
above  the  point  where  it  joins 
Culebra  Creek  at  the  gap  in  the 
mesa,  is  the  village  of  San  Luis, 
a  plat   of   the  older  portion  of 
which   is   shown   in   figure    13. 
Within  the   town  limits  in  the 
last  few  years  a  number  of  wells 
have  been  bored  which  yield  flow- 
ing water.    In  a  few  other  wells 
the  water  comes  almost  to  the 
surface.     In   two   wells  of   this 
sort,  where  the  water  rises  within 
6  or  S  inches  of  the  surface,  a  hole 
3  or  4  feet  deep  has  been  dug 
about  the  mouth  of  the  well  and   the  casing  cut  off  low  enough 
to  ^ive  a  flow  of  a  gallon  or  so  per  minute.    The  waste  water  escapes 
into  the  gravel  and  causes  no  inconvenience.    The  distribution  of 
the  wells  and  their  depth  are  shown  in  figure  13.    The  flowing 
wells  are  bunched  about  the  court-house  square  but  extend  a  little 
farther  to  the  south;  outside  of  this  area  the  wells  either  do  not  strike 
water  or  yield  water  that  does  not  rise  to  the  surface.     In  this  area 
of  flowing  wells  there  seem  to  be  two  flows,  one  at  a  depth  of  about  20 


Figure  13.  — Plat  of  San  Luis,  showing  location  of 
A'ells. 
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feet  and  another  at  50  to  60  feet.  Most  of  the  wells  draw  from  the 
upper  flow.  Of  those  deep  enough  to  reach  the  lower  flow  one  at  least 
draws  from  the  upper  flow.  Judging  from  the  small  size  of  the  arte- 
sian area,  its  shallowness,  and  the  irregularity  of  the  formations,  as 
seen  in  the  well  sections,  the  flow  is  probably  due  to  underflow  of  the 
Rito  Seco,  and  its  localization  to  irregularity  of  deposits  in  some  pre- 
historic channel  of  that  stream.  The  temperature  (in  December) 
ranges  from  45°  to  47°  but  bears  no  relation  to  the  depth  of  the  well, 
depending  rather  on  the  rate  of  flow  of  the  well;  the  weaker  wells 
have  the  lower  temperature  because  the  water  in  its  slow  rise  through 
the  ground  has  opportunity  to  cool  to  surface-soil  temperatures. 

The  court-house  well,  bored  in  1892,  i^  3  inches  in  diameter  and  58 
feet  deep,  cased  all  the  way.  The  flow  was  struck  at  25  feet,  imder  a 
few  inches  of  clay;  and  the  well  was  continued  in  gravel  to  the  bottom 
without  increasing  the  flow.     The  temperature  is  46°. 

Doctor  Smith  made  two  unsuccessful  attempts  to  find  water  just 
west  of  the  court-house,  across  Main  street.  The  deepest  hole  gives 
the  following  section  : 

Section  of  Smith  well. 


AUavial  clay 

Sand 

Hard  clay 

Red  sand  with  streaks  of  blue  sand  (no  flow). 


Thick- 
ness. 


Fed. 
15 
5 

1 
179 


Depth. 


Fed. 

16 

20 

21 

200 


The  water  sank  as  fast  as  it  was  pumped  into  the  well  in  drilling. 
Another  well  near  by,  70  feet  deep,  also  failed  to  get  water.  A 
thu-d  well  was  sunk  in  the  court-house  yard  and  struck  a  small  flow 
at  20  feet  and  a  better  one,  yielding  5  gallons  a  minute,  at  59  feet. 
This  is  the  same  flow  that  the  court-house  well  strikes. 

W.  S.  Parrish  bored  a  third  well  in  the  court-house  yard,  south  of  the 
other  two.  This  is  only  30  feet  deep,  but  it  evidently  reaches  the 
same  flow  as  the  others;  for  when  it  is  allowed  to  flow  freely,  its  orifice 
being  lower  than  those  of  the  other  two,  their  flow  is  completely 
stopped.  This  difficulty  is  remedied  by  reducing  the  discharge  pipe 
of  the  Parrish  well  to  one-half  inch;  then  the  others  are  affected  but 
little.  The  water  is  piped  to  Mr.  Parrish^s  house,  near  the  southwest 
comer  of  the  town. 

Five  wells  in  a  row  along  Main  street  south  of  the  court-house  yard 
are  22  to  32  feet  deep  and  have  flows  varying  from  1  to  5  gallons  a 
minute.  The  temperature  of  the  shallow  ones  is  47°.  In  the 
blocks  inmiediately  east  and  southeast  of  the  court-house  three  wells 
are  30  to  36  feet  deep,  the  flow  ranging  from  1  to  2  gallons  a  minute 
and  the  temperature  from  45°  to  47°. 
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East  and  west  of  the  schoolhouse  and  church  the  wells  do  not  flow, 
the  water  lacking  from  6  inches  to  5  feet  of  reaching  the  surface. 

South  of  the  village,  in  the  neighborhood  of  the  mill,  Mr.  Parrish 
made  several  attempts  to  strike  flowing  water  but  failed  in  each 
attempt,  though  the  elevation  is  about  20  feet  less  than  that  of 
the  court-house  yard.  The  deepest  well,  197  feet  deep,  furnishes 
this  section: 

Log  of  Parrith^B  mill  well. 


Sou 

Gravel 

Quicksand  and  streaks  of  clay 

Hard  sand 

The  water  rose  within  3  feet  of  the  surface.  Another  well  was 
sunk  to  a  depth  of  80  feet  at  a  point  300  yards  northeast  of  the  mill, 
in  the  vicinity  of  several  springs.  This  showed  a  section  similar 
to  that  just  given.  Above  a  depth  of  40  feet  the  water  rose  within  2 
feet  of  the  surface,  but  as  boring  progressed  below  that  depth  the 
water  sank  instead  of  rising. 

A  well  in  the  bottom,  1  mile  southeast  of  the  village,  went  60  feet 
in  bowlders,  and  one  in  the  gap  one-half  mile  west  of  the  village 
went  25  feet  in  bowlders  with  no  water. 

NONFLOWING  WELLS. 
AKTONITO. 

Plate  III,  A,  shows  a  view  looking  west  from  the  vicinity  of 
Antonito  at  the  eastward-sloping  lava-capped  mesa  about  Los 
Mogotes  Peak.  The  lava  sheet  can  be  seen  to  approach  the  level  of 
the  valley  bottom  and  merge  with  it.  This  lava  sheet  is  reached  in 
various  wells  near  Antonito.  The  town  well  reaches  a  depth  of  400 
feet.  The  first  235  feet  is  a  cribbed  shaft  measuring  3  by  5  feet.  In 
the  bottom  of  this  shaft  a  hole  was  bored  165  feet  farther.  A  geo- 
logic section  of  the  well,  as  reported  by  Mr.  E.  L.  Myers,  is  as  follows: 

Section  of  Antonito  city  well. 


Material. 


Recent:  Loose  gravel  and  soli 

Santa  Fe  formation: 

Solid  lava *^. . 

Lava  ash 

Gravel 

Coarse  bowlders 

Gravel  and  sand  becoming  finer 

Conglomerate  cement 

Gravel  and  sand 

Gravel  and  sand  ( bored ) 


Thick- 
ness. 

Depth. 

Feet. 

FtiL 

35 

35^ 

22 

57 

10 

67 

25 

n 

35 

127 

96 

223 

3 
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9 

235 

165 

100 
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From  this  well  there  is  .pumped  weekly  70,000  gallons  of  water, 
being  the  whole  supply  of  the  town  for  domestic  purposes.  A 
gasoline  engine  lifts  the  water  250  feet  into  a  35,000-gallon  tank. 
The  water  is  cold,  tasteless,  and  hard. 

The  Denver  and  Rio  Grande  Railroad  well  is  about  350  feet  from 
the  town  well.     The  log  of  this  well  is  as  follows: 

Log  of  Denver  and  Rio  Grande  Railroad  well  at  Anionito, 


Recent:  Oravel  and  bowlders 
SeoU  Fe  formation: 

Solid  lava 

Lime  cement 

Clay  and  bowlders 

Mari...: 

Cem«ited  gravel 

Marl 

Cemented  gravel 

Marl 

Cemented  gravel  (water) . 

Loose  gravel 

Cemented  gravel 

Loose  gravel 


Thick, 
ness. 


Feet, 

38i 

35 

a* 

18 
13 
17 
20 

8 
20 

1 
13 

2 


Depth. 


Feet, 


73J 

75 
130 
148 
161 
178 
198 
206 
226 
227 
240 
242 


The  water  rises  in  this  well  16  feet.  With  two  hours'  hard  pump- 
ing the  water  is  lowered  to  2  feet,  after  which  4,000  gallons  per  hour 
can  be  taken  out  without  aflfecting  the  water  level.  The  analysis  of 
this  water  is  given  in  the  table  of  analyses,  page  112.  The  high  per- 
centage of  this  water  in  CaCOj  (whence  its  hardness)  is  noticeable, 
being  exceeded  in  this  respect  only  by  the  water  from  the  Valley  View 
Hot  Springs,  so  far  as  the  waters  of  the  valley  have  been  analyzed. 

MAKASSA  AHD  VICIKITT. 

Manassa  Ues  just  south  of  the  southernmost  limit  of  flowing  wells. 
Sharp  little  lava  hills  rise  out  of  the  valley  half  a  mile  south  and 
2  miles  east  of  the  town.  Several  attempts  to  obtain  flowing  water 
have  been  made  within  the  limits  of  the  town  and  in  the  vicinity.  A 
well  125  feet  deep  in  the  northeast  portion  of  the  town  went  through 
bowlders.  The  water  is  reported  to  rise  within  3  feet  of  the  surface. 
A  well  in  the  schoolhouse  yard,  said  to  be  74  feet  deep,  struck  water, 
which  rises  within  12  feet  of  the  top. 
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During  the  winter  of  1903-4  the  State  bored  an  experimentat 
well  in  the  schoolhouse  yard.  The  log  of  this  well,  as  furnished  by 
the  state  engineer  of  Colorado,  is  as  follows: 

Record  of  state  well  at  Manasm. 


Thick- 


Recent:  Sand  and  bowlders 

Alamosa  formation: 

Clay 

Clay  and  sand 

Blue  clay 

Sand 

Fine  sand 

Coarse  sand 

Coarse  sand  and  fine  gravel . 

Fine  light  sand 

Coarse  sand 

Santa  Fe  formation  (7): 

Lava  bowlders 

Dark  sand  and  clay 

Fine  clay  sand 

Coarse  sand 

Coarse  sand  and  bowlders. . . 

Fine  clay  sand 

Red  lava  sand 

Lava  cobblestones 

Clay  and  sand 

Fine  black  sand;  some  clay . 

Volcanic  ash  (sand) 


I    FeH. 


Depth. 


F€tt. 


91 
154 
168 
VHd 
200 
210 


5  1 

285 

11 

296 

»l 

7f& 

29 

334 

5 

339 

3 

342 

IR 

360 

30 

3« 

55 

435 

15 

450 

«j 

512 

It  is  evident  from  the  preponderance  of  sand  and  gravel  in  this  well 
that  Manassa  lies  at  the  extreme  edge  of  the  alternating  series  of 
clays  and  sands  which  hold  the  artesian  water  under  pressure,  and 
that  southwest  of  the  town  the  clays  will  be  found  to  be  replaced 
altogether  by  sands  and  gravels.  In  that  region  water  can  not  be 
found  under  sufficient  pressure  to  reach  the  surface  but  will  rise  in 
the  wells  simply  to  the  lieight  of  the  general  water  level  of  the  region 
or  the  underground  water  table. 

Water  was  found  through  the  entire  depth  of  the  well  below  the 
first  6  feet,  except  in  strata  of  clay.  The  water  rises  within  26  feet 
of  the  surface  of  the  ground.  The  well  is  10  inches  in  diameter  for 
the  first  342  feet,  and  below  that  8  inches  in  diameter. 

A  well  on  the  Braiden  ranch,  in  the  SW.  \  sec.  20,T.34  N.,  R.  10  E., 
is  133  feet  deep  with  a  rock  bottom.  The  water  rises  within  3  feet  of 
the  surface. 

The  McDaniell  place,  in  the  northwest  comer  of  sec.  33,  T.  34  N., 
R.  10  E.,  has  a  well  33  feet  deep,  in  which  the  water  rises  within  7 
feet  of  the  surface.     The  section  of  the  well  is  as  follows: 

Record  of  McDaniell  tvell. 


Recent: 

Soil,  gravel,  and  clay 
Ciravel 

Lava  l)elow. 


Thlck- 


Feet. 
31  i 
2  I 


Depth. 


Fett. 
31 
33 
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Two  miles  northwest  of  Manassa,  in  the  NW.  ^  sec.  10,  T.  34  N., 
R.  9  E.,  a  prospect  well  was  sunk  by  the  Conejos  County  Oil  Com- 
pany to  a  depth  of  318  feet.  This  well  is  about  1^  miles  from  the 
edge  of  the  flowing-well  area  and  about  30  feet  higher.     The  record 

of  the  well,  kindly  furnished  by  Mr.  W.  O.  Meier,  is  as  follows: 

» 

Record  of  Conejos  County  Oil  Company^ 8  well. 


Recent:  Gravel  and  sand 

Alamosa  formation: 

Blue  clay 

Black  sand  (first  flow,  rose  to  - 

Gravel,  sand,  and  clay 

Santa  Fe  formation: 

Lava. 


Ifoot). 


Very  red  granular  rock 

White  sand  (probably  pumice) 

Black  sand  (water  rose  to  -20  feet) . 


Thick- ! 


Feet. 
70 

12 

8 
165 


Depth. 


Feet. 
70 

82 
90 
245 

275 
295 
300 
304 


CAPITLnf  AND  VICIinTY. 


The  wells  in  the  vicinity  of  Capulin  are  dug  wells.  The  usual  depth 
is  30  feet,  at  which  point  they  strike  lava.  A  basin  is  made  in  the 
lava,  into  which  the  water  percolates  from  the  gravel. 

North  of  Capulin  the  Knapp  well  is  reported  to  show  this  section: 

Section  of  Knapp  well. 


Recent: 

Gravel  and  bowlders 

Hard  stratum,  not  rock . . 
Sand  (drill  rods  dropped) 
Bowklers 


Thlck- 


Feet. 

200 

2 

32 
16 


Depth. 


Feet. 
200 
202 
234 
250 


The  water  rose  in  the  well  about  100  feet,  that  is,  within  150  feet 
of  the  surface.  This  well  is  far  up  on  the  alluvial  slope,  as  indicated 
by  the  great  excess  of  gravel  and  bowlders. 

East  of  Capulin  and  between  that  place  and  the  Harvey  ranch  there 
are  several  (deep  wells.  A  mile  and  a  half  east  of  the  village,  500 
yards  south  of  the  center  of  sec.  10,  T.  35  N.,  R.  8  E.,  several  wells  on 
the  Palmer  ranch  reach  lava  at  64  and  66  feet,  and  afford  a  more 
permanent  supply  of  water  than  the  surface  wells,  25  feet  deep,  which 
go  dry  in  winter. 
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On  the  George  S.  Lovett  place,  in  the  SW.  \  NE.  \  sec.  11,  a  mile 
east  of  the  well  last  described,  a  well  gave  this  section: 

Section  of  Lovett  weU. 


Recent:  Bowlders. 
Alamosa  fonnatlon 

Sand 

Blue  clay 


Thick- 


Feci. 
55 


90  , 
60 


Dttpth. 


Feet, 


55 


115 
175 


Water  was  struck  at  65  feet  and  rose  within  5  feet  of  the  surface. 
At  L.  D.  Eskridge's  place,  in  the  northwest  comer  of  sec.  18,  T.  35 
N.,  R.  9  E.,  a  well  shows  this  section: 

Section  of  Eskridge  well. 


'  Thlck- 


I 


Depth. 


Recent  and  Alamosa  formation:  Sand  and  clay. 
Santa  Fe  formation:  Lava 


Fert.       Feet 
150  150 

101)        251) 


The  water  rises  within  26  feet  of  the  surface. 

At  S.  E.  Newcombe^s,  half  a  mile  due  east  of  the  Eskridge  well,  two 
wells  struck  lava  at  180  feet,  and  one  of  them  penetrated  it  a  depth 
of  20  feet.  In  the  house  well  the  water  stands  10  feet  from  the 
surface,  and  in  the  barn  well  it  rises  within  3  feet  of  the  surface. 

At  the  schoolhouse,  a  quarter  of  a  mile  northeast  of  Newcombe's, 
the  rock  was  struck  at  185  feet  and  the  water  rises  within  8  feet  of 
the  surface. 

Joe  Fred's  well,  in  the  SE.  i  sec.  31,  T.  36  N.,  R.  9  E.,  gives  this 
section: 

Section  of  Fred  veil. 


Recent:  Gravel 

Alamosa  formation:  Clay  . 
Rock  lielow. 


Thick- 


Depth. 


Feet. 

Feet. 

45 

45 

315 

3fiO 

The  water  rose  within  8  feet  of  the  surface. 

On  the  Harvey  ranch  a  well  in  the  SW.  i  sec.  5,  T.  35  N.,  R.  9  E., 
is  265  feet  deep,  with  a  flow  between  10  and  12  gallons  a  minute. 
There  was  a  small  flow  just  over  the  rock,  but  the  present  supply 
comes  from  crevices  in  the  rock,  into  which  the  well  is  cased  for 
som^  distance.    T)^ei*e  is  some  uncertainty  as  to  the  depth  at  which 
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rock  was  reached,  but  apparently  it  was  about  232  feet,  at  which 
point,  accorduig  to  the  state  engineer's  report,  the  first  flow  was 
obtained.**  From  the  same  source  it  is  learned  that  the  original  flow 
was  reported  to  be  100  gallons  a  minute.  On  the  same  ranch  there 
are  two  other  wells  which  reach  rock,  one  at  the  house  and  another 
at  the  bam.  The  former  is  6  inches  in  diameter  to  rock,  which  was 
reached  at  about  195  feet.  There  was  a  small  flow  here,  but  the  bore, 
reduced  to  4  inches,  was  continued  to  a  depth  of  229  feet.  This  well 
has  a  flow  of  several  gallons  a  minute.  The  well  at  the  barn,  north- 
east of  the  house,  is  265  feet  deep,  reaching  the  rock  at  about  220 
feet.  This  well  also  has  a  flow  of  several  gallons  a  minute,  and 
originally  the  water  rose  from  it  8  feet  above  the  surface. 

These  wells  on  the  Harvey  ranch,  though  flowing  wells,  are  described 
here  because  they  form  a  continuous  series  with  the  other  wells  just 
described,  which  struck  rock  but  did  not  get  flowing  water.  It  is 
apparent  from  the  difference  in  depth  at  which  rock  is  reached  in  the 
Joe  Fred  well  and  in  the  others  that  irregularities  exist  in  the  surface 
of  the  bed-rock  lava.  Possibly  the  northeastward  limit  of  the  upper 
lava  flow  hes  between  the  Harvey  wells  and  the  Fred  well.  So  far 
as  is  known  to  the  writer,  bed  rock  has  not  been  struck  in  any  well 
north  and  east  of  that  point,  except  at  the  Lambert  well,  1  mile  north- 
west of  La  Jara,  described  on  page  65. 

The  Eskridge  and  Newcombe  wells  are  artesian,  though  nonflowing, 
but  the  Knapp,  Palmer,  and  Lovett  wells  merely  penetrate  the  under- 
ground water  table,  which  is  probably  higher  near  La  Jara  and 
Alamosa  creeks  than  it  is  at  a  distance  from  them.    " 

BOWEJr  SCHOOL  AWD  VICIKITY. 

Two  miles  southwest  of  Bowen  school,  in  the  northwest  cerner  ef 
the  SW.  i  sec.  33,  T.  37  N.,  R.  8  E.,  a  well  240  feet  deep  gives  this 

section: 

Section  of  well  in  sbc.  S3,  T,  37  N.,  R.  8  E. 


ThJck- 
I   Bess. 


I  Feet. 

Recent:  Gravel  and  bowlders i  eo 

Ahunosa  formation: 

Hard  clay SO 

Sand  (water) ,  1 

Clay 99 

Gravel  below. 


Depth. 


Feet. 
60 

140 
141 
MO 


This  well  is  nearly  2  miles  outside  of  the  limits  of  flowing  wells, 
and  the  water  lacks  40  feet  of  rising  to  the  top  of  the  well. 


a  Rept.  State  Engineer  of  Colorado  for  1889-90,  p.  339. 
42120°— W8P  240—10 7 
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Two  miles  east  of  north  of  Bowen,  in  the  northeast  comer  of  the 
NW.  i  sec.  11,  T.  36  N.,  R.  8  E.,  a  well  passed  through  60  feet  of 
gravel  and  160  feet  of  clay,  striking  water  in  gravel.  The  water  rises 
within  14  feet  of  the  surface. 

Four  miles  west  of  Bowen,  on  the  Gunbarrel  road,  in  the  northwest 
comer  of  sec.  31,  T.  37  N.,  R.  8  E.,  the  Strauss  dug  well  is  70  feet 
deep  in  sand  and  gravel.  It  is  well  up  toward  the  apex  of  the  Cat 
Creek  alluvial  cone,  and  in  the  wet  season  (about  June)  it  fills  to  the 
top.  In  the  fall  and  winter  it  goes  nearly  dry,  demonstrating  an 
annual  variation  of  about  70  feet  in  the  ground-water  level  in  this 
part  of  the  alluvial  slope.  The  well  is  about  150  feet  higher  than  the 
rim  of  the  flowing-well  area. 

M OHTS  VISTA  AVD  VXCIVITY. 

From  Monte  Vista  to  Alamosa  Creek  the  Monte  Vista  canal  is 
approximately  parallel  with  the  margin  of  the  flowing-well  area, 
and  about  a  mile  from  it. .  As  the  Monte  Vista  canal  is  practically  the 
upper  limit  of  settlement  in  the  valley,  except  along  inflowing  streams, 
there  are  few  wells  outside  of  the  canal,  but  between  the  canal  and 
the  flowing-well  margin  there  are  many  nonflowing  wells  that  pene- 
trate the  artesian  water-bearing  beds. 

Two  miles  west  of  Monte  Vista,  in  the  NE.  i  NE.  i  sec.  34,  T.  39 
N.,  R.  7  E.,  on  the  second  terrace  of  the  Rio  Grande,  the  water  Jacks 
18  feet  of  rising  to  the  surface.  One  mile  south,  in  the  NE.  i  sec.  3, 
T.  38  N.,  R.  7  E.,  a  well  125  feet' deep  failed  to  get  any  water  what- 
ever. In  the  southeast  quarter  of  the  same  section  two  bore  holes, 
66  and  76  feet  deep,  struck  water  which  failed  to  rise.  They  are 
reported  to  strike *rock,  but  more  probably  they  struck  bowlders. 

DEL  HORTE. 

The  municipal  water  supply  of  Del  Norte  is  pumped  from  the  Rio 
Grande  into  a  small  reservoir  in  the  side  of  a  small  hill  just  south  of 
the  town,  from  which  it  is  distributed.  Wells  in  town  strike  the 
underflow  of  the  Rio  Grande  at  short  distances,  furnishing  a  plentiful 
supply  of  wholesome  water. 

In  1 890  an  artesian  well  was  bored  at  the  intersection  of  two  of  the 
main  streets  of  the  town,  reaching  a  depth  of  450  feet.  A  very  small 
flow  of  water  was  obtained,  at  first  a  stream  not  larger  than  a  lead 
pencil,  which  afterward  strengthened  to  a  flow  of  2  gallons  a  minute. 
The  water  is  reported  to  rise  from  beneath  a  sheet  of  lava,  though 
details  of  the  geologic  record  of  the  well  are  not  available.  The  water 
has  a  temperature  of  54^  and  a  decided  taste  of  soda.  No  analysis  is 
available. 
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LA  GABITA  AVD  VXCnOTT. 

Wells  east  and  south  of  La  Garita  strike  water  in  the  gravel  of  the 
alluvial  slope.  A  well  at  the  Dunn  ranch,  near  the  center  of  sec.  16, 
T.  41  N.,  R.  7  E.,  at  180  feet  in  depth,  struck  quicksand  and  water, 
which  rose  within  10  feet  of  the  surface.  This  well  is  about  2  miles 
from  the  limit  of  flowing  wells.  To  the  south  is  the  great  triangular 
alluvial  fan  of  the  Rio  Grande.  The  lower  portion  of  the  fan,  adja- 
cent to  the  flowing-well  area  of  the  valley,  affords  wells  in  which  the 
water  rises  imder  artesian  pressure  to  a.greater  or  less  height,  accord- 
ing to  the  distance  from  the  flowing-well  limit.  But  in  the  upper 
part,  toward  the  apex  of  the  fan,  the  clay  strata  of  the  valley  thin  out 
and  give  place  to  sand  and  gravel  beds.  Wells  in  this  area  will  be 
bored  in  gravel  and  sand  and  will  yield  water  whose  level,  depending 
on  the  general  water  level  in  that  region,  will  be  higher  near  the  Rio 
Grande  and  lower  at  a  distance  from  the  river. 

SAGUACHE  AVD  VICINITT. 

The  limiting  line  of  the  flowing-well  area  crosses  Saguache  Creek 
3  miles  below  Saguache,  which  lies  in  the  creek  valley  somewhat  within 
the  margin  of  the  foothills  and  is  surrounded  by  isolated  lava  hills. 
The  chances  of  striking  any  water  but  the  underflow  of  the  creek 
depend  upon  striking  gravel  beds  beneath  the  lava  containing  water 
under  pressure.  Several  attempts  to  strike  deep  water  have  been 
made,  one  by  the  State,  one  by  the  town,  and  others  by  private  citi- 
zens, but  none  have  struck  flowing  water.  The  information  recorded 
below  has  been  kindly  communicated  by  the  Hon.  J.  H.  Williams, 
county  judge  of  Saguache  County. 

The  state  well,  1  mile  northwest  of  town,  reported  to  be  1,100 
feet  deep,  struck  water  at  about  75  feet,  which  rose  within  12  or  14 
feet  of  the  surface.  No  record  is  available  as  to  geologic  formations 
penetrated.  The  well  did  not  succeed  in  getting  a  better  flow  of 
water  with  greater  depth. 

The  park  well,  in  the  public  park  within  the  town  limits,  is  reported 
to  be  665  feet  deep.  Water  was  struck  at  65  feet  in  gravel  and  rose 
within  12  feet  of  the  surface. 

The  Jordan  well,  just  south  of  the  town,  is  180  feet  deep,  with  the 
water  level  8  feet  from  the  surface;  the  Curtis  well,  in  the  eastern 
part  of  town,  is  100  feet  deep  and  has  water  at  the  same  level.  Sev- 
eral other  wells  in  the  town  get  water  at  about  65  feet,  which  rises 
to  a  level  8  or  12  feet  from  the  surface. 

VILLA  GROVE  AND  VICUflTY. 

The  village  of  Villa  Grove  is  situated  in  the  northern  arm  of  the 
valley,  which  extends  up  the  valley  of  San  Luis  Creek  and  the  upper 
portion  of  which  is  known  as  Homans  Park.    The  village  lies  about 
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9  miles  above  the  upper  limit  of  flowing  wells  and  in  all  probability 
some  distance  also  beyond  the  extreme  limits  of  the  sand  and  clay 
series  in  which  the  artesian  water  of  the  valley  is  fomid.  Owing  to 
the  proximity  of  mountain  highland  on  eitlier  side  of  this  narrow 
tongue  of  the  valley,  the  sediments  consisted  largely  of  sand,  gravel, 
and  bowlders  without  the  clay  strata  necessary  to  confine  the  water. 
The  domestic  water  supply  is  derived  from  shallow  wells  which  reach 
the  imderflow  of  Kerber  Creek. 

The  Denver  and  Rio  Grande  Railroad  in  1891  sunk  a  well  at  Villa 
Grove  to  a  depth  of  960  feet  in  gravel  and  sand  with  no  clay.  The 
water  rose  within  100  feet  of  the  top.  In  1899  the  well  was  acci- 
dentally clogged,  and  since  then  it  has  not  been  in  use. 

On  the  Pitzer  ranch,  about  6  miles  southeast  of  Villa  Grove  and 
2  miles  east  of  Chamberlain  Hot  Springs,  in  the  NE.  \  SE.  {  sec.  8, 
T.  45  N.,  R.  10  E.,  a  well  between  300  and  400  feet  deep  struck  water, 
which  rose  witliin  12  feet  of  the  surface.  This  well  probably  strikes 
the  artesian  water  of  the  valley,  as  flowing  wells  are  obtained  3  miles 
to  the  south. 

CBSSTOHE  AVD  VICUIITT. 

Tlie  water  supply  of  Crestone  is  derived  from  shallow  wells,  in  the 
gravel  of  the  alluvial  slope.  These  wells  reach  the  underflow  of  Cres- 
tone Creek,  which  meanders  through  the  village,  and  they  furnish 
an  abundance  of  water,  which,  from  the  situation  of  the  town  just 
at  the  base  of  the  mountains,  is  pure  and  cold.  The  danger  of  con- 
tamination is  wholly  local. 

On  the  Baca  grant,  a  mile  and  a  quarter  southwest  of  the  village, 
in  the  fork  of  North  and  South  Crestone  creeks,  a  bore  went  410  feet 
in  bowlders,  with  no  water.  A  half  mile  farther  west,  at  the  ranch 
house,  in  a  well  496  feet  deep,  the  water  rose  to  a  level  6  feet  below 
the  surface.  On  Dead  Man  Creek  a  bore  1,100  feet  deep  was  all  in 
sand  with  no  water.  A  mile  and  a  half  east  of  Antelope  Springs  a 
1,000-foot  bore  yielded  no  water.  These  wells  on  the  grant  are  in 
the  alluvial  slope  of  the  Sangre  de  Cristo  Range;  and  as  the  clay 
members  of  the  valley  formation  do  not  reach  that  far  there  is  no 
confining  layer  to  retain  the  water  under  the  pressure  necessary  to 
yield  a  flow. 

BALDY  STATION  AlTD  VICINITY. 

At  the  Willie  Hansen  ranch,  2  miles  northwest  of  Baldy  station,  on 
the  Denver  and  Rio  Grande  Railroad,  a  number  of  wells  have  been 
bored  just  about  at  the  margin  of  the  flowing-well  area.  One  in  the 
NE.  i  sec.  17,  T.  37  N.,  R.  12  E.,  is  500  feet  deep,  reported  all  in  sand. 
The  water  rises  within  3  fe^.t  of  the  surface.  A  half  mile  due  east  is 
another  in  which  the  water  rises  within  10  feet  of  the  top.  Two 
miles  due  north  of  Baldy  station,  near  the  middle  of  the  north  side  of 
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sec.  10,  T.  37  N.,  R.  12  E.,  a  well  is  reported  300  feet  deep,  all  in  sand, 
in  which  the  water  lacks  8  feet  of  rising  to  the  surface.  Near  the 
middle  of  the  west  side  of  sec.  36,  T.  88  N.,  R,  12  E.,  a  well  300  feet 
deep  in  sand  and  gravel  is  reported  to  have  struck  no  water  what- 
ever. Another  well  in  the  NE.  {  sec.  24,  in  the  same  township,  well 
up  on  the  alluvial  slope  of  the  Sierra  Blanca,  struck  no  water. 
Though  it  is  evident  that  the  clay  beds  of  the  water-bearing  series  are 
replaced  at  about  this  point  by  sand  and  gravel,  it  is  not  likely 
that  they  terminate  so  abruptly.  It  is  probable  that  small  clay  beds 
have  been  overlooked  in  the  wells  near  the  edge  of  the  flowing-well 
area. 

FORT  QABLAXm  AVD  VIOIHITT. 

The  surface  wells  which  furnish  the  domestic  water  supply  of  Fort 
Garland  strike  the  underflow  of  Ute  Creek.  The  principal  danger  of 
pollution  lies  in  the  pastures  along  the  valley  of  the  creek  above  the 
town. 

On  the  south  bank  of  Trinchera  Creek,  in  the  SW.  J  sec.  31 ,  T.  30  S., 
R.  72  W.,  4  miles  southwest  of  Fort  Garland,  a  well  on  W.  H.  Myers's 
ranch,  108  feet  deep,  struck  water  which  rose  within  18  inches  of  the 
surface.  At  Frank  Beckwith's,  in  the  southwest  comer  of  the  SE.  J 
sec.  26,  T.  30  S.,  R.  73  W.,  a  well  in  Trinchera  Valley  gave  this  section: 

Section  of  Bectwitk  well. 


Thick- 


Depth. 


Recent:  Feet,   i  Feet. 

Soil I  4  4 

Small  bowlders I  31  36 

Alamosa  formation:  Clay  and  sand I  118  163 


The  water  rises  within  6  feet  of  the  top  of  the  well. 

SPBINGS. 

The  valley  affords  numerous  springs,  both  large  and  small.  These, 
with  a  few  exceptions,  emerge  near  the  junction  of  the  foothills  and 
the  valley  bottom.  They  have  mostly  the  normal  temperatures  of 
the  shallow  artesian  waters  of  the  valley,  but  two  springs  in  the  north 
end  of  the  valley  and  one  near  the  south  end  have  rather  warm 
temperatures. 

Mclntire  Springs. — The  largest  group  of  springs  in  the  valley  is 
that  formerly  kno>\Ti  as  Los  Ojos,  or  commonly  as  Mclntire^s  Springs, 
on  the  south  side  of  Conejos  River  in  the  northeast  comer  of  sec.  13, 
T.  35  N.,  R.  10  E.  These  springs  rise  in  the  bottom  just  at  the  foot 
of  one  of  the  San  Luis  Hills,  and  some  of  the  springs  appear  to  come 
up  through  crevices  in  the  lava.  The  group  is  limited  to  an  area  not 
more  than  300  feet  in  diameter,  and  they  all  merge  into  one  stream. 
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The  flow  from  these  springs,  which  is  practically  constant  and  does 
not  vary  with  rainfall,  has  been  measured  many  times  and  is  found 
to  be  about  21  second-feet.  The  temperature  of  the  stream  com- 
prising the  united  flow  of  the  springs  is  60^.  Some  of  the  smaller 
springs  have  a  temperature  of  54^,  but  most  of  the  individual  springs 
are  either  just  over  or  just  under  60®.  As  these  springs  rise  against 
or  even  through  comparatively  recent  lava  rocks,  their  temperature 
is  not  a  reUable  clue  to  the  depth  from  which  they  come.  A  view  of 
these  springs  looking  toward  the  west,  up  the  valley  of  Conejos  River, 
is  shown  in  Plate  XIII,  B.  An  analysis  of  the  water  is  given  in  the 
table  on  page  112. 

The  flow  of  these  springs  was  filed  upon  at  an  early  date  by  the 
inhabitants  of  the  Mexican  village  of  Los  Sauces  for  irrigation  pur- 
poses, for  which  its  temperature  makes  it  peculiarly  valuable  in  the 
early  season. 

Dexter  Spring. — Dexter  Spring  is  on  the  Austin  ranch  (formerly 
the  Dexter  tract),  in  the  NE.  \  sec.  9,  T.  35  N.,  R.  11  E.,  2  miles 
northeast  of  Mclntire  Springs,  and  like  those  springs  rises  along  the 
edge  of  the  lava  bench,  which  extends  from  the  base  of  Cerro  de  los 
Ojitos,  the  northernmost  of  the  San  Luis  Hills,  west  of  the  Rio 
Grande.  An  analysis  of  water  from  this  spring  is  given  in  the  table 
of  analyses,  page  112.    The  temperature  is  reported  to  be  71®. 

Other  springs  along  Conejos  River, — Other  smaller  springs  emerge 
near  the  base  of  the  San  Luis  Hills  along  Conejos  River  from  a  point 
near  its  mouth  up  to  the  vicinity  of  Manassa,  as  was  noted  on  pages  17 
and  38,  where  the  supposition  was  advanced  that  the  water  of  these 
springs  rises  from  the  water-bearing  beds  of  the  Alamosa  formation, 
where  they  abut  against  the  lava  of  the  Santa  Fe  formation  of  the 
San  Luis  Hills. 

Spring  Creek. — Spring  Creek  has  its  head  in  sec.  12,  T.  37  N.,  R.  7 
E.,  half  a  mile  west  of  the  Gunbarrel  road  and  just  under  the  rise  of 
the  steeper  alluvial  slope.  Water  rises  over  an  area  15  by  40  feet, 
flowing  more  than  a  cubic  foot  a  second.  It  is  augmented  by  seepage 
until  at  the  point  where  it  crosses  the  Gunbarrel  road  it  has  a  volume 
of  several  second-feet.  The  flow  is  affected  by  melting  snows  in  the 
mountains.     It  has  a  temperature  of  57°. 

RusseU  Springs. — Russell  Springs  are  situated  in  the  NE.  \  sec.  24, 
T.  43  N.,  R.  7  E.  These  springs  rise  in  a  grassy  area  40  acres  or  so  in  * 
extent,  underlain  by  a  F>caty  black  mud.  In  this  area  about  twenty- 
five  springs  display  temperatures  ranging  from  44°  to  56°.  The 
temperature  where  the  water  crosses  the  Gunbarrel  road  is  about  52°. 
The  water  has  no  taste.  The  water  from  these  springs  drains  east- 
ward 2  miles  into  Russell  Lakes. 

Hunt  Springs. — Hunt  Springs  are  in  the  NE.  }  sec.  3,  T.  44  N., 
R.  8  E.,  at  the  foot  of  the  small  lava  hill  4  miles  east  of  Saguache. 
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The  group  comprises  about  a  dozen  springs  which  range  in  tempera- 
ture from  43®  to  52*^.  They  emerge  over  an  area  about  1  acre  in 
extent  and  nearly  on  a  level  with  the  valley  bottom  to  the  east,  in 
which  the  overflow  from  the  springs  forms  .large  marshy  ponds,  as 
shown  in  Plate  XII,  B.    The  water  has  no  taste  and  forms  no  deposit. 

Antelope  Springs. — Antelope  Springs  are  situated  near  the  middle 
of  the  south  side  of  the  Luis  Maria  Baca  Spanish  grant.  They  were 
not  visited  by  the  writer. 

Medano  Springs. — There  are  two  springs  on  the  Medano  ranch. 
The  Big  Spring  is  in  the  NW.  J  sec.  2,  T.  40  N.,  R.  12  E.  This  spring 
emerges  in  a  circular  bed  of  quicksand  100  feet  in  diameter,  lying  at 
the  head  of  a  gully  15  feet  deep,  which  reaches  back  into  the  edge  of 
the  great  dune  area.  The  stream  where  it  first  emerges  is  not  large, 
but  it  is  much  increased  below  by  seepage.  The  temperature  of  the 
stream  100  feet  below  the  spring  is  51®.  The  Little  Spring  lies  2 
miles  southeast  of  the  Big  Spring,  in  the  SW.  J  sec.  12  of  the  same 
township,  and  is  similar  to  it  except  in  size.  These  springs,  heading 
in  the  edge  of  the  great  dune  area,  are  popularly  and  no  doubt  cor- 
rectly believed  to  be  the  reappearing  waters  of  Mosca  and  Medano 
creeks,  which  disappear  beneath  the  sand  several  miles  to  the  east. 

Washington  Springs. — Washington  Springs  are  just  north  of  the 
Denver  and  Rio  Grande  Railroad,  in  the  northeast  comer  of  sec.  14, 
T.  37  N.,  R.  11  E.  They  emerge  from  the  base  and  even  from  the  top 
of  a  small  sand  dune  on  the  edge  of  the  terrace  which  is  the  northern 
continuation  of  Hansen  Bluff.  Those  at  the  base  of  the  mound  on 
the  north  side  flow  about  10  gallons  a  minute.  Another  forms  a  pool 
at  the  very  top  of  the  mound.  The  temperature  of  the  water  is  52®. 
The  dune  is  covered  with  grass  and  is  quite  the  highest  point  in  the 
vicinity.  Presumably  the  vegetation  growing  around  this  spring 
caught  and  held  the  drifting  sand,  gradually  building  up  the  mound, 
and  carrying  the  spring  up  with  it.  On  the  lower  ground,  south  of 
the  railroad,  in  the  northwest  quarter  of  the  same  section,  a  mound 
50  yards  in  diameter  has  been  similarly  built  up  to  a  height  of  20  feet 
or  so.  Several  small  springs  emerge  from  the  top  and  slopes  of  the 
mound. 

Chamberlain  Hot  Springs. — The  Chamberlain  Hot  Springs  are  in 
the  southeast  comer  of  sec.  12,  T.  45  N.,  R.  9  E.,  and  in  the  SW.  J 
sec.  7,  T.  45  N.,  R.  10  E.,  near  the  station  on  the  Denver  and  Rio 
Grande  Railroad.  East  of  the  railroad  and  just  south  of  the  station, 
in  sec.  12,  a  number  of  springs  bubble  up  in  a  large  pool  about  50  feet 
in  diameter.  The  temi>erature  is  90®  at  the  edge  but  is  probably 
higher  near  the  center,  where  the  springs  rise.  Two  other  small 
springs,  25  and  50  yards  southeast,  have  temperatures  of  114°  and 
112*^,  respectively.  The  water  of  the  large  pool  has  no  taste  and 
shows  no  tufaceous  deposit.     Several  species  of  water  bugs  and  an 


Digitized  by  VjOOQ IC 


1*04  THE  SAN  LUIS  VALLEY,  COLORADO. 

abundance  of  the  plant  (Tiara  thrive  in  the  water.  The  spring  was 
fonneriy  used  as  a  swimming  pool,  and  .the  water  was  also  piped  to  a, 
bathing  house  farther  east.  The, pool,  somewhat  obscured  by  rising 
steam,  is  shown  in  Plate  XIII,  A. 

The  springs  in  sec.  7  emerge  from  three  small  mounds  about  50 
yards  each  in  diameter  and  ranging  from  20  to  35  feet  in  height, 
built  up  of  laminated  tufaceous  sinter  deposited  by  the  springs.  No 
commercial  use  has  been  made  of  these  springs  for  a  number  of  years 
and  no  analysis  of  the  water  is  available. 

The  springs  of  the  south  mound  are  the  most  active.  The  spring 
by  the  bath  house  has  a  temperature  of  127®.  A  slight  but  pro- 
nounced taste  of  both  soda  and  iron  is  evident.  There  is  a  yellowish 
precipitate  in  the  stream  flowing  away  from  the  spring,  and  green 
algae  grow  in  the  spring  and  along  the  stream.  A  pool  20  feet  in 
diameter  on  the  summit  of  the  mound  has  a  temperature  of  72°. 
Other  springs  nearby  have  temperatures  ranging  from  128®  to  131°. 

The  east  mound  has  springs  on  the  east  and  north  sides  with  tem- 
peratures ranging  from  112®  to  124®.  The  spring  on  the  summit  of 
the  mound  is  extinct. 

The  north  mound  is  the  largest  and  highest  of  the  three,  being 
about  40  feet  high.  The  springs  upon  this  mound  are  now  extinct, 
extept  a  group  upon  a  bench  on  the  southeast  edge  of  the  mound. 
These  range  in  temperature  from  120®  to  130®. 

VaUey  View  Hot  Springs. — Valley  View  Hot  Springs  are  in  the 
SW.  i  sec.  31,  T.  46  N.,  R.  10  E.  They  emerge  from  the  mountain 
side  a  short  distance  above  the  upper  limit  of  the  alluvial  slope. 
The  country  rock  consists  of  quartzite.  The  springs  are  five  in  num- 
ber, three  being  situated  on  the  north  branch  of  the  stream,  one  on 
the  middle  branch,  and  one,  several  hundred  feet  higher  up  the 
mountain  side,  on  the  south  branch.  The  north  spring  has  a  tem- 
perature of  72®.  The  next  spring  to  the  south  and  the  largest  one 
of  the  group,  over  which  there  has  been  built  a  bath  house,  has  a 
temperature  of  95®.  The  third  spring  to  the  south  has  a  tempera- 
ture of  87®.  The  fourth  spring,  the  one  on  the  middle  branch,  has  a 
temperature  of  96®  and  the  one  on  the  south  branch  a  temperature 
of  99°.  The  analysis  of  the  largest  spring  is  shown  in  the  table  of 
analyses,  page  112.  The  springs  have  been  improved  by  the  erection 
of  a  hotel,  a  bath  house,  and  several  cottages  and  afl'ord  a  modest 
business  as  a  resort. 

Hot  Credc  Simngs, — A  small  stream  emptying  into  La  Jara  Creek, 
near  Capulin,  is  known  as  Agua  Caliente,  or  Hot  Creek.  The  higher 
temperature  of  the  water  in  this  creek,  which  renders  it  so  desirable 
for  purposes  of  irrigation  in  the  early  season,  is  due  to  hot  springs 
which  occur  in  its  upper  course. 
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0HABACTEBI8TICS  OF  THE  ABTESIAN  BASIN. 
GROUPING   OF    WELLS. 

A  glance  at  the  map  will  show  that  by  far  the  greater  number  of 
wells  in  the  San  Luis  basin  are  along  its  western  slope.  Various  fac- 
tors have  contributed  to  this  segregation.  The  principal  one,  per- 
haps, has  been  the  presence  of  greater  irrigation  systems  on  that  side 
of  the  valley  and  consequent  greater  population;  but  another  im- 
portant cause  is  the  fact  that  the  slighter  inclination  of  the  stirata 
on  that  side  of  the  valley  has  made  the  matter  of  obtaining  an  artesian 
flow  much  simpler,  involving  less  chances  of  failure  and  less  expense. 

VARIATIONS   IN   FLOW. 

Seasonal  variations, — Near  the  margin  of  the  area  of  flowing  wells 
there  is  a  decided  periodical  variation  in  pressure  or  head.  Just  on 
the  limiting  line  there  are  a  number  of  wells  that  flow  during  a  certain 
portion  of  the  year  and  have  to  be  pumped  during  the  remainder  of 
it.  The  variation  in  head  in  these  wells  is  not  accurately  determined 
but  is  about  4  feet.  The  same  variation  affects  wells  within  the 
limits  of  the  flowing-well  area,  but  it  there  shows  itself  as  a  slightly 
mcreased  or  decreased  flow  and  is  not  so  manifest  as  in  wells  along ' 
the  critical  line.  These  wells,  with  the  seasonal  intermissions,  flow 
during  the  summer  and  fall  and  do  not  flow  for  the  rest  of  the  year. 
As  this  is  the  season  of  irrigation  the  flow  of  the  wells  is  popularly 
said  to  **come  up  with  the  sub."  (that  is,  with  the  rise  of  the  water 
table  due  to  subirrigation);  and  this  is  probably  true,  though  of 
course  there  is  no  direct  connection  of  the  ditch  water  with  the 
aquifer.  The  water  in  the  water-carrying  stratum  is  under  constant 
hydrostatic  pressure,  tending  to  rise  to  the  surface  and  pressing 
upward  always  against  the  confining  clay  bed  above.  Any  increase 
of  weight  upon  this  clay  bed  is  transmitted  downward  to  the  aquifer, 
which,  being  thus  under  greater  pressure,  yields  greater  flows  than 
before.  The  water  which  is  put  upon  the  ground  in  irrigation  adds 
a  vety  definite  increment  to  the  pressure  upon  the  aquifer  and  it  is 
therefore  true  that  the  flow  rises  with  the  ditch  water.  Likewise, 
the  rainfall  during  the  showery  season  adds  to  the  general  pressure 
and  helps  to  increase  the  head.  The  seasonal  fluctuation  due  to 
irrigation  is  hence  closely  allied  in  principle  to  the  tidal  fluctuations 
in  artesian  wells  at  the  seashore.^ 

Gradual  failure  of  wells. — Several  factors  contribute  to  cause  the 
gradual  failure  of  wells.  Ajnong  these  one  of  the  most  obvious  is  the 
growth  of  a  green  alga.  This  lines  the  inside  of  a  vertical  pipe 
down  for  a  foot  or  so,  probably  as  far  as  light  is  efficacious,  and  by 

•  For  a  summary  of  the  literature  relating  to  tidai  fluctuations  in  artesian  wells  near  the  seacoast  see 
WateB>Supply  Paper  U.  8.  Geol.  Survey  No.  155, 1906,  pp.65-69. 
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its  continued  growth  often  constricts  the  opening  so  that  the  water 
is  forced  to  a  height ;  and  the  considerable  pressure  thus  exerted  on 
the  well  doubtless  to  an  appreciable  extent  reduces  its  flow. 

Another  possible  cause  of  the  gradual  failure  of  wells  is  a  reduction 
of  the  porosity  of  the  sand  bed  through  which  the  water  comes  to  the 
bottom  of  the  well.  This  has  been  popularly  expressed  as  a  "silting 
up  of  the  water  bed.'^  It  seems  more  reasonable  to  suppose  that  the 
free  silica,  in  which  the  analyses  show  the  water  to  be  especially 
high,  is  by  the  reduction  of  pressure  at  the  bottom  of  the  well  in  part 
precipitated  about  the  grains  of  sand  in  the  aquifer  adjacent  to  the 
bottom  of  the  well,  which  tends  to  seal  the  interstices  and  to  reduce 
the  porosity  of  the  bed.  For  most  of  their  long  journey  through  the 
beds  of  granitic  and  volcanic  sand  the  artesian  waters  are  undoubt- 
edly augmenting  their  silica  content,  as  shown  by  the  fact  that  the 
silicic  acid  in  water  from  the  Rio  Grande  at  Del  Norte  is  24  parts  per 
million,  whereas  that  of  various  wells  in  the  San  Luis  Valley  ranges 
from  38  to  106  parts  per  million.  But  this  fact  is  not  in  any  way 
inconsistent  with  the  theory  that  some  precipitation  of  silica  may 
take  place  as  the  waters  pass  from  the  sands  and  gravels  of  the 
aquifer  to  the  opening  at  the  bottom  of  the  well  tube.  Decisive 
proof  of  this  deposition  of  silica  would  be  had  if  secondarily  enlarged 
grains  of  sand  should  be  brought  up  in  cleaning  out  some  old  well 
that  had  slowly  failed.  The  writer,  though  repeatedly  trying,  has 
as  yet  failed  to  obtain  such  material  with  which  to  test  the  theory. 

But  presumably  the  greater  number  of  cases  of  gradual  failure  of 
wells  are  due  to  the  increase  in  number  beyond  the  capacity  of  the 
aquifer  to  furnish  the  full  flow  for  each.  The  minimum  distance 
from  one  another  at  which  wells  may  be  put  down  without  afl'ecting 
the  conunon  flow  is  difficult  to  determine  and  depends  on  the  size  of 
the  bore,  the  capacity  of  the  aquifer,  and  the  artesian  pressure.  It 
has  been  shown  that  the  weUs  in  the  town  of  Monte  Vista  so  seriously 
affect  one  another  that  they  have  ordinarily  a  uniform  flow.  The 
distance  there  between  the  wells  is  from  50  to  200  feet:  A  mile  north- 
west of  La  Jara,  on  William  Lambert's  place,  of  two  wells  150  feet 
apart  the  newer  well  seriously  affected  the  flow  of  the  old  well.  It  is 
noticed  in  all  the  towns  of  the  valley  that  the  flows  now  obtained 
are  not  so  strong  as  the  flows  formerly  obtained  at  the  same  depth, 
though  the  adjacent  wells  may  not  seem  to  be  affected  by  the  sinking 
of  a  new  well.  The  normal  flow  of  wells  in  towns  is  often  so  con- 
cealed by  the  piping  or  restricted  by  partial  use  only  that  it  might  be 
seriously  impaired  without  the  fact  becoming  apparent.  Such  a 
failure,  of  course,  may  be  due  in  part  to  other  causes,  but  it  is 
undoubtedly  due  mainly  to  the  increase  of  wells.  It  seems  certain 
that  the  large  wells  may  be  placed  as  close  as  440  yards,  and  reason- 
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ably  sure  that  they  may  be  as  close  as  220  yards,  without  aflfecting 
one  another.  Smaller  wells  can  of  course  be  placed  still  closer  with- 
out mutual  injury.  If  it  is  desired  to  have  two  or  more  large  wells 
close  together,  in  order  that  the  combined  flow  may  be  used  for  irri- 
gation or  stored  in  a  reservoir,  they  may  be  so  placed  if  they  are  bored 
to  different  flows  and  all  but  the  lower  flow  is  cased  off  from  the 
deeper  well.  In  this  way  there  will  be  no  interference.  Instead  of 
sinking  two  separate  wells  of  different  depths,  the  same  effect  may  be 
gained  by  reducing  the  bore  of  a  large  well  and  continuing  it  to  lower 
flows,  the  water  from  the  deeper  flows  coming  up  through  the  smaller 
inside  casing.  However,  separate  wells  will  in  general  be  preferable, 
owing  to  the  difficulty  of  cleaning  and  repairing  multiple  wells. 

By  far  the  greater  number  of  wells,  as  will  be  seen  later,  are  cased 
only  to  the  first  soUd  clay,  a  depth  varying  ordinarily  from  10  to  40 
or  50  feet.  The  bore  is  continued  through  the  various  water-bearing 
beds  until  a  suitable  flow  is  reached.  As  long  as  this  deeper  flow  of 
higher  pressure  continues  the  water  from  the  upper  water  beds  will 
not  come  into  the  bore  and  there  will  be  no  mingling  of  the  different 
flows;  but  if  the  well  is  plugged  or  is  choked  near  the  top,  the  lower 
flows,  which  are  under  greater  pressure,  will  spread  out  in  the  upper 
beds  that  are  under  less  pressure,  so  that  the  pressure  tends  to  be 
equalized  in  the  upper  and  lower  flows,  and  as  a  result  the  pressure 
and  consequently  the  yield  of  the  lower  flows  are  weakened.  This 
process  has  taken  place  to  such  an  extent  toward  the  center  of  the 
town  of  Monte  Vista  that  the  yield  from  the  various  flows  is  identical, 
and  likewise  the  temperature. 

Sudden  failure  of  wells. — In  almost  all  cases  sudden  failure  is  due 
to  the  caving  away  of  the  clay  waUs  of  the  well.  In  a  well  that  is  not 
cajsed  the  caving  in  of  the  clay  anywhere  along  the  bore  may  shut  off 
the  water  from  below  the  caved  place.  In  a  well  that  is  cased  to  the 
sand  bed  furnishing  the  flow  ordinarily  there  is  a  rather  large  cavity 
in  the  sand  at  the  bottom  of  the  casing,  resulting  from  the  sand  being 
carried  up  and  thrown  out  of  the  well.  Occasionally  large  pieces  of 
the  clay  bed  above  may  tumble  into  this  cavity  and  clog  the  bottom 
of  the  casing.  In  the  vicinity  of  Hooper,  and  northward  on  the  Kin- 
ney ranch,  the  practice  is  to  let  the  1-inch  pipe  that  serves  as  a  driU 
rod  remain  in  the  well  after  completion.  This  rod,  projecting  down- 
ward below  the  casing  and  into  the  cavity  at  the  base  of  the  well, 
ordinarily  prevents  the  complete  closure  of  the  well  by  any  falling 
chunk  of  clay. 

Irregularities  in  flows  from  the  same  aquifer. — ^Adjacent  wells  that 
strike  the  same  water  bed  may  have  very  different  flows.  These 
irregularities  are  probably  to  be  explained  by  the  irregularities  in 
thickness  or  porosity  of  the  water-bearing  bed.     The  rate  at  which 
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water  passes  through  sand  varies  with  the  size  of  the  sand  particles, 
being  greater  for  the  coarser  varieties.  For  this  reason  the  gravel 
flow  obtaiaed  in  certain  parts  of  the  valley  is  a  very  free,  strong  flow. 
Local  variations  in  the  same  bed  of  sand  therefore  exert  a  very  definite 
effect  upon  the  quantity  of  flow. 

As  the  rate  of  flow  through  sand  of  a  given  size  is  fixed,  the  volume 
of  flow  from  any  bed  of  sand  of  that  size  depends  on  the  thickness  of 
the  bed.  It  is  not  to  be  presumed  that  the  beds  of  sand  in  the  valley^ 
though  known  to  be  of  great  extent  and  persistence,  are  of  the  same 
thickness  throughout.  Any  formation  built  up  more  or  less  in  delta 
form,  as  are  the  deposits  of  the  Rio  Grande  alluvial  fan,  must  of 
necessity  differ  in  thickness  from  place  to  place,  and  such  differences 
are  undoubtedly  ample  to  account  for  any  variations  in  flow  from 
the  same  bed. 

VARIATION    IN   TEMPERATURE. 
VERTICAL  VARIATION. 

The  vertical  range  in  temperature  observed  in  the  wells  of  the 
valley  is  from  a  minimum  of  45®  in  shallow  wells  to  a  maximum  of  75** 
for  the  Bucher  well  at  Alamosa.  The  increase  of  temperature  with 
depth  is  very  regular;  estimated  from  the  deep  cased  wells  near 
Alamosa  it  is  1®  for  28 J  feet. 

The  minimum  temperature  is  found  in  wells  on  the  low  ground 
near  the  Rio  Grande  north  of  Monte  Vista.  Southward  along  the 
Gunbarrel  road  and  southeastward  along  the  flowing-well  limit  to  the 
vicinity  of  La  Jara  the  shallowest  wells  have  temperatures  of  about 
46®.  Southeast  of  La  Jara  along  Conejos  River  the  shallowest  wells 
have  temperatures  of  50®  to  52®.  North  of  Monte  Vista  along  the 
Gunbarrel  road  the  temperature  of  the  first  flow  Ukewise  increases 
and  in  the  vicinity  of  Center  it  is  about  51®  or  52®.  Farther  north, 
in  the  Veteran  neighborhood,  the  temperature  is  lower  again,  46® 
and  47®  in  wells  reaching  the  first  flows.  These  temperatures  continue 
to  the  vicinity  of  Russell  Springs,  but  from  there  to  Swede  Comers, 
2i  miles  north,  there  is  an  increase  in  temperature  of  10®  in  wells  of 
practically  the  same  depth.  The  area  of  excessive  temperature 
about  Swede  Comers  has  already  been  described  (p.  75).  On  the 
east  side  of  the  basin  the  temperatures  are  very  regular  and  such  as 
would  normally  be  expected,  that  is  to  say,  46®  and  47®  for  the  first 
flow. 

It  is  noticeable  that  the  wells  of  lowest  temperature  on  the  west  side 
of  the  valley  are  near  the  courses  of  the  larger  streams  and  that  the 
higher  temperatures  are  found  in  the  interstream  areas.  The  waters 
of  these  streams,  derived  from  melting  snow  for  a  large  part  of  the 
year,  are  notably  cold.     Daily  observations  at  Del  Norte  give  the 
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following  mean  temperatures  of  the  Rio  Grande  from  July  1,  1905, 
to  November  30,  1906,  excluding  January,  February,  and  March, 
during  which  no  gage  readings  are  made: 

Monthly  mea^fi  temperature^  in  degrees  FahreTiheit,  of  the  Rio  Grande  at  Del  Norte. 

[Richard  D.  Adams,  United  States  Geological  Survey,  observer.)  , 


1905. 


1906. 


June 

July 

August 

September. 
October. . . . 
November. 
December.. 


67.2 
56.6 
51.0 
40.6 
35.4 
35.8 


37.6 
44.0 
47.5 
53.5 
56.0 
50.0 
40.5 
34.7 


ICoDthly  mean 

ICean  of  all  observations.. 


46.1  I 
45.8 


45.5 


It  will  be  noted  that  the  mean  for  the  period  of  the  observations 
^tfresponds  closely  to  the  temperature  of  the  coldest  wells,  namely, 
4§t^.  If  the  observations  covered  the  remaining  portion  of  the  year, 
liie  winter  months  would  doubtless  lower  the  mean  to  a  point  below 
Aat  of  the  coldest  wells.  Water  of  this  mean  temperature  entering 
the  artesian  system  is  warmed  in  its  passage  through  the  aquifer  and, 
rising  rapidly  to  the  surface  through  the  wells,  emerges  at  practically 
the  temperature  of  the  aquifer  in  the  region  of  the  well;  but  in 
acquiring  this  temperature  it  has  abstracted  heat  from  the  aquifer. 
The  general  loss  of  heat  by  radiation  from  the  surface  of  the  earth  is 
counterbalanced  by  an  equivalent  upward  flow  of  heat  from  the  inter- 
nal supply;  but  in  beds  as  nearly  homogeneous  as  those  of  the  arte- 
sian system  this  increment  of  heat  will  be  uniform  and  evenly  supplied 
over  the  whole  area,  and  thus  those  areas  from  which  most  heat  has 
been  abstracted  will  still  remain  below  the  normal  temperature.  The 
different  beds  of  the  system  tend  then  to  become  colder  and  colder, 
and  the  first  portions  to  reach  the  ultimate  limit  (the  mean  tempera- 
ture of  the  river  water)  will  be  those  nearer  the  intake — that  is,  along 
the  lai^er  streams.  That  this  Umit  has  been  practically  reached 
north  of  Monte  Vista  has  been  pointed  out  above. 

This  local  excessive  cooUng  of  the  upper  strata  of  the  earth  is 
apparently  the  explanation  of  the  high  temperature  gradient  of  1^  for 
28^  feet  as  compared  with  1®  for  50  or  60  feet,  the  average  increase 
as  found  in  deep  dry  wells,  shafts,  and  mines. 

The  wells  with  higher  temperatures  about  Swede  Comers  and  along 
the  lower  course  of  the  Conejos,  with  adjacent  areas  of  lava,  in  all 
probability  derive  their  excess  of  heat  from  subterranean  bodies  of 
uncooled  igneous  rocks.  The  hot  springs  which  have  been  described 
seem  likewise  to  owe  their  temperature  to  such  a  source. 
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8XA80HAL  VARIATIONS. 

The  impression  obtains  to  some  extent  that  the  wells  of  the  valley 
are  warmer  in  winter  than  in  summer.  At  first  thought  this  would 
seem  to  be  a  delusion,  due  to  the  difference  in  air  temperatures  in  the 
different  seasons  affecting  the  personal  standard  of  comparison. 
However,  in  view  of  the  fact  that  water  from  the  streams  enters  the 
aquifers  at  all  seasons  of  the  year  with  varying  temperatures,  and 
that  the  draft  on  the  wells,  and  consequently  the  rate  of  transmission 
of  the  water  through  the  sand,  is  much  greater  in  the  irrigating  season, 
it  seems  not  impossible  that  there  may  be  seasonal  variations.  A 
series  of  temperature  readings  was  taken  of  a  well  in  the  vicinity  of 
Monte  Vista  and  of  two  near  La  Jara. 

Vctnalion  in  temperature  of  artesian  welU, 


Date  (1906). 


Julylfi 

AUKlMt  !..<.. 
AufUSt  lA. . . 
Beptember  1 . 
HrpU'inbw  10, 

Oclolwr  1 

OcUilKTlO... 
Novi»inbor  I. 
Nov»»iiib<T  17. 
|)«H<i«inber  L. 
l)ciH*inber  10. 


1 

o 

48.8 

47.2 

47.5 

48.7 

47.4 

48.7 

47.4 

48.8 

47.3 

48.8 

47.2 

48.9 

47.3 

48.6 

47.3 

48.C 

47.2 

48.4 

47.2 

48.3 

47.2 

48.2 

45.6 
45.8 
45.7 
45.7 

45.8 
45.8 


45.8 


1.  La  Jara,  Eskiidge  well;  SE.  k  sec.  15,  T.  35  N.,  R.  35  E.;  L.  A.  Norland,  observer. 

2.  La  Jara,  Mill  well;  L.  A.  Norland,  observer. 

3.  Monte  Vista,  SW.  i  sec.  19,  T.  39  N.,  R.  8  £.;  G.  M.  Whitead,  observer. 

These  readings  show  that  such  variation  as  exists  is  measured  in 
tenths  of  a  degree.  Well  1  (excluding  the  first  reading,  which  is 
probably  in  error)  shows  a  definite  and  regular  decrease  in  tem|>era- 
ture  in  the  winter.  This  is  a  6-inch  well  with  a  small  flow.  The 
column  of  water  therefore  moves  rather  slowly  up  the  casing,  and 
there  is  opportunity  for  winter  ground  temperatures  to  affect  the 
temperature  of  the  water,  which  they  undoubtedly  do.  In  well  2, 
until  after  October  1,  there  was  a  large  flow,  and  up  to  that  date  the 
readings  are  valuable.  After  that  date  the  flow  was  so  reduced  that 
the  slow-moving  column  of  water  in  the  well  was  affected  by  the 
ground  temperature.  Up  to  the  time  mentioned  the  readings  indi- 
cate a  slight  rise  in  temperature.  Readings  taken  at  short  intervals 
during  a  warm  day  at  each  of  these  wells  showed  no  measurable  diur- 
nal variation.  Well  3,  near  the  limit  of  flowing  wells  and  the  artesian 
intake  from  the  Rio  Grande,  is  more  favorably  situated  to  show  such 
a  variation  than  either  of  the  other  two  wells.  The  readings  seem 
to  indicate  a  rise  of  two-tenths  of  a  degree.  It  is  regrettable  that 
the  observations  on  this  well  are  not  extensive  enough  to  be  more 
decisive. 
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QUALITT  OF  THE  WATER. 

In  the  table  on  page  112  there  have  been  brought  together  all  avail- 
able analyses  of  the  well  and  spring  waters  of  the  San  Luis  Valley. 
They  were  variously  expressed  as  grains  per  United  States  gallon, 
grains  per  imperial  gallon,  or  parts  per  hundred  thousand,  but  have 
been  uniformly  reduced  to  parts  per  million  and  put  in  terms  of  ions. 

The  following  determinations  of  total  salts  were  furnished  by  the 
United  States  Department  of  Agriculture : 

Total  salts  determined  by  electrolysis,  in  well  waters  of  San  Luis  Valley. 

[Bailey  E.  Brown,  analyst.) 

Parts 
per  million. 

Well,  northwest  comer  of  the  NE.  J  sec.  5,  T.  40  N.,  R.  9  E 87 

Center,  town  well 87 

Center,  hotel  well 90 

Elliott  well,  NE.  i  NE.  J  sec.  13,  T.  40  N.,  R.  7  E 90 

Monte  Vista,  Elliott  well 89 

The  acciuracy  of  the  conductivity  method  is  proportional  to  the 
degree  of  dissociation  of  the  salts  in  solution.  Since  these  waters  are 
among  the  best  waters  of  the  valley  and  are  in  all  respects  similar  to 
the  waters  at  La  Jara  and  Monte  Vista,  which  yield  by  gravimetric 
methods  152  and  156  parts  per  million  of  solid  matter,  respectively,  it 
follows  that  the  dissociation  of  solutes  in  the  valley  water  is  far  from 
complete.  The  discrepancy  is  probably  to  be  ascribed  largely  to  the 
notable  quantity  of  free  silica  in  these  waters.  Though  not  to  be 
relied  upon,  therefore,  to  give  a  correct  notion  of  the  total  solids,  the 
determinations  nevertheless  show  the  relative  salinity  of  the  waters 
included  and  demonstrate  the  uniformity  of  quality  over  the  area 
covered  by  the  samples. 

The  analyses  in  the  table  (p.  112)  with  few  exceptions,  have  been 
made  for  commercial  purposes,  mostly  with  a  view  to  determining 
the  fitness  of  the  waters  for  boiler  use.  In  certain  of  the  analyses 
credited  to  W.  P.  Headden,  however,  the  process  was  carried  fur- 
ther and  supplementary  sanitary  determinations  were  made.  The 
amoimts  of  free  ammonia  and  albuminoid  ammonia  present  in  two 
deep  artesian  wells  and  two  springs  are  given  in  the  following  table : 

Ammonia  in  San  Luis  Valley  waters. 
[Parts  per  million.] 
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Except  in  the  Mosca-Hooper  district,  the  waters  of  the  valley  are 
of  a  very  good  quality,  having  a  maximum  total  solids  of  240  and  a 
minimum  of  152  parts  per  million,  as  determined  by  complete  analysis. 
These  amounts  are  two  to  three  times  as  great  as  those  for  the  water 
of  the  Rio  Grande  at  Del  Norte,  which  contains  88.5  parts  per  million 
of  total  solids.  The  additional  material  in  solution  in  the  well  waters 
is  taken  up  by  the  water  in  its  slow  passage  through  the  beds  of  sand 
and  clay  making  up  the  water-bearing  series. 

W.  P.  Headden  *  has  called  attention  to  the  imusually  high  per- 
centage of  silicic  acid  in  the  mountain  waters  of  Colorado  and  of  the 
San  Luis  Valley  in  particular.  The  following  statement,  showing  the 
percentage  of  silicic  acid  in  the  total  solids  of  several  waters,  is  taken 
from  his  article: 

Percentage  of  silicic  acid  in  total  solids  of  San  Luis  Valley  waters. 

Alamoea,  Bucher  well 46. 9 

AlamoBa,  Sprieeterbach  well 27. 0 

Alamosa,  McNieland  well 36. 0 

Del  Norte,  Rio  Grande  water 27. 15 

Mclntire  Springs 29.  64 

After  confirmatory  experimental  treatment  of  powdered  feldspar 
with  distilled  carbonated  water,  Ileadden  concludes  that  the  high 
percentage  of  silicic  acid,  combined  and  free,  is  normal  for  mountain 
waters  in  a  region  in  which  feldspar  is  an  essential  constituent  of  the 
rocks. 

Perhaps  the  most  noticeable  constituent  of  the  colorless  waters, 
and  to  a  lesser  extent  of  the  tinted  waters  as  well,  is  sulphur.  In 
the  form  of  sulphates,  as  shown  by  the  analyses,  the  greatest  amount 
of  sulphiu*  is  contained  in  the  mill  well  at  La  Jara  and  in  the  Mclntire 
Springs.  Lesser  amounts  are  shown  by  wells  at  Alamosa  and  Monte 
Vista  and  least  of  all  by  the  tinted  waters  from  the  Mosca-Hooper 
district. 

Sulphur  is  also  present  in  the  form  of  sulphureted  hydrogen,  which 
may  be  faintly  or  decidedly  perceptible  in  most  of  the  well  waters 
of  the  valley,  from  both  great  and  small  deptlis.  Upon  oxidation, 
as  the  water  is  discharged  from  the  well,  the  free  sulphur  is  de- 
posited in  the  stream  flowing  from  the  well  as  a  gelatinous  white 
precipitate  upon  vegetation  or  other  objects,  which  are  sometimes 
turned  quite  black.  Occasionally  the  precipitate  shows  the  long, 
delicate  waving  filaments  of  some  form  of  sulphiu'-secreting  bacteria, 
possibly  Thiothrix. 

In  a  single  artesian  well  there  was  noticed  a  decided  chalybeate 
taste  and  a  reddish  flocculent  ferruginous  precipitate  in  the  stream 
flowing  away  from  the  well.  Tliis  was  in  lot  1  of  sec.  6,  T.  43  N., 
R.  8E. 

a  Am.  Jour.  Sci.,  4th  ser.,  vol.  16,  1903,  pp.  16»-184. 
42120*— W8P  240—10 8 
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In  the  Mosca-IIooper  district  the  waters  are  of  a  yellowish  to  dull- 
brown  tint  and  have,  for  the  valley,  high  contents  of  the  alkalies  and 
organic  matter.  These  wells  often  give  off  gas  more  or  less  freely, 
some  of  them  yielding  enough  to  supply  a  cooking  stove.  The  gas 
and  the  color  are  probably  due  to  the  decomposition  of  peaty  moss 
which  apparently  grew  in  the  swampy  lake  at  a  low  stage.  Some  of 
the  wells  which  have  the  deepest  tinted  waters  do  not  3'ield  gas. 
The  water  in  wells  yielding  gas  is  always  tinted,  but  usually  only 
slightly  so.  The  gas  burns  brightly  with  a  yellow  flame.  It  has  a 
benzine-like  odor,  differing  in  this  respect  from  natural  gas  elsewhere, 
which  has  an  odor  of  sulphureted  hydrogen.  The  amoimt  of  organic 
matter  in  the  tinted  waters,  varying  from  42  to  134  parts  per  million, 
is  shown  in  the  table  of  analyses  on  page  112. 

The  artesian  water  of  this  area  is  one  of  its  most  valuable  assets. 
Cold,  palatable,  and  free  from  probability  of  contamination,  it  must 
continue  to  be  one  of  the  chief  factors  in  the  salubrity  of  the  valley. 
The  tinted  waters  of  the  Mosca-IIooper  district  have  a  disagreeable 
taste  to  one  not  accustomed  to  them.  The  app>earance  of  the  water 
resembles  that  of  rain  that  has  collected  in  a  hollow  stump,  and  the 
taste  is  much  what  one  imagines  stump  water  to  have.  The  slight 
odor  of  sulphureted  hydrogen  and  the  browTiish  color,  together  with 
the  effect  of  imagination,  are  sufllcient  to  explain  this  likeness,  how- 
ever. No  case  is  known  of  injury  from  the  use  of  the  tinted  waters, 
though  it  seems  not  unreasonable  to  suppose  that  the  long-continued 
use  of  waters  charged  as  highly  witli  alkalies  as  these  would  entail 
some  bad  effect. 

The  colorless  waters,  containing  a  large  percentage  of  silica  (SiO,), 
when  used  in  boilers  form  considerable  scale,  which  is  uniformly 
hard  and  tough;  the  tinted  waters  of  the  Mosca-Hooper  district,  con- 
taining less  silica  but  high  percentages  of  the  alkaline  carbonates, 
when  so  used  are  entirely  free  from  scale  but  foam  badly  and  also 
corrode  and  pit  the  boiler  tubes.  This  damage  is  so  great  that  the 
Denver  and  Rio  Grande  Railroad  well  at  Hooper  was  abandoned  for 
boiler  use. 

Though  containing  two  to  three  times  as  much  matter  in  solution 
as  the  dit<»h  water,  the  clear  artesian  water  along  the  west  side  of  the 
valley  is  used,  and  has  been  for  years,  without  injurious  effect  for 
irrigation  of  all  crops.  The  tinted  water,  however,  has  a  different 
effect.  Along  the  margin  of  the  streams  flowing  away  from  these 
wells  there  is  always  more  or  less  alkali  incrustation,  and  along 
one  such  stream,  from  a  well  in  the  NE.  }  sec.  27,  T.  39  N.,  R.  10  E., 
a  strip  10  to  15  feet  wide  was  entirely  bare  of  vegetation  and  there 
was  much  alkali  along  the  margins.  Reports  as  to  the  deleterious 
effects  of  the  use  of  these  waters  for  irrigation  vary  widely,  as  is  to 
be  expected  in  view  of  the  fact  that  the  degree  to  which  the  water  is 
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tinted  is  not  a  conclusive  guide  to  its  alkalinity,  inasmuch  as  it 
depends  largely  on  peaty  infusion.  Thus  some  very  dark  waters  may 
not  show  such  injurious  effects  as  a  lighter-colored  water  that  has  a 
higher  content  of  matter  in  solution.  It  seems  to  be  pretty  generally 
agreed,  however,  as  the  result  of  experience,  that  the  dark  water  is 
nowhere  as  good  as  the  ditch  water  and  that  in  many  places  it  is 
positively  harmful  and  should  always,  if  possible,  be  used  in  conjunc- 
tion with  ditch  water.  Its  moderate  use  is  likely  to  cause  a  ''case- 
hardening*'  or  the  formation  of  a  hard  crust  on  the  soil  surface.  In 
any  event,  even  if  one  application  is  not  injurious  its  continued  use 
in  subirrigation  will  surely  impregnate  the  soil  with  alkali. 

USES  OF  THE  WATER. 

The  principal  use  of  the  artesian  water  is  for  household  purposes, 
and  most  of  the  houses,  even  on  many  of  the  remote  ranches, 
have  running  water  piped  into  the  kitchen  and  bathroom.  Some 
wells,  particularly  in  Monte  Vista,  which  have  not  sufficient  head  to 
force  water  into  the  houses,  yet  flow  freely  at  the  ground  level,  are 
used  to  operate  hydraulic  rams,  which  throw  a  smaller  stream  to  the 
desired  height. 

The  artesian  water  is  also  especially  desirable  for  stock  purposes 
because  of  its  moderate  and  constant  temperature,  which  is  high 
enough  so  that  the  wells  remain  open  in  winter;  because  of  its  con- 
tinuity of  supply  without  pumping  or  other  care;  and  because  of  its 
freeilom  from  contamination.  Wells  are  bored  here  and  there  over 
the  stock  ranges  in  the  valley  by  private  persons  or  by  neighborhood 
associations. 

The  waste  flow  from  the  household  wells  is  either  run  into  irrigating 
ditches  or  is  used  for  the  irrigation  of  gardens  and  truck  patches. 
In  the  towns  lawns,  gardens,  and  shade  trees  are  irrigated  from  the 
overflow  of  the  wells.  The  surplus  not  so  used  runs  into  the  gutters 
and  is  ordinarily  collected  into  a  ditch  outside  the  town  and  used  for 
field  irrigation. 

In  certain  sections  of  the  valley  the  artesian  water  is  an  essential 
factor  in  irrigation.  These  regions  can  be  recognized  on  the  map  by 
the  close  grouping  of  the  wells  and  by  their  alignment  in  rows,  ordi- 
narily on  the  west  side  of  the  tracts  of  land,  for  this  practice  is  largely 
confined  to  the  west  side  of  the  valley,  where  the  west  side  of  any  tract 
is  the  higher.  Areas  where  many  wells  have  been  sunk  for  this  purpose 
are  (1)  the  region  between  Henry  station  and  Bowen  schoolhouse; 
(2)  along  Rock  Creek;  (3)  in  the  neighborhood  of  Veteran  school- 
house;  and  (4)  in  the  Warner  neighborhood.  In  the  first  of  these 
localities  the  wells  were  sunk  for  the  purpose  of  irrigating  grain,  but 
in  the  last  three  chiefly  for  the  purpose  of  irrigating  native  hay. 
Native  meadows,  since  they  are  not  cultivated  from  year  to  year, 
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have  many  little  irre^larities  and  hummocks  which  can  not  be  irri- 
gated from  ditches.  It  is  customary  to  irrigate  such  places,  if  of 
sufficient  area,  by  a  well  sunk  on  the  highest  point. 

In  the  Veteran  and  Warner  neighborhoods  the  wells  are  used  to 
irrigate  both  grain  and  hay,  and  their  development  was  largely  the 
result  of  the  failure  of  ditch  water.  For  the  same  reason  many  wells 
have  been  sunk  toward  the  center  of  the  valley  in  the  Hooper  and 
Mosca  districts,  where  the  supply  of  ditch  water  has  been  very  inade- 
quate in  recent  years.  A  recent  development  of  the  use  of  weUs  for 
irrigation  is  the  construction  of  about  fifty  6-inch  wells  in  the  vicinity 
of  Henry  station  and  westward  as  far  as  the  Fountain  neighbor- 
hood.    These  have  in  general  been  very  successful. 

The  average  well,  if  allowed  to  flow  continuously,  undisturbed,  will 
wet  an  area  of  not  more  than  one-half  acre  around  the  mouth  of  the 
well.  The  greater  number  of  wells  are  used  simply  to  supplement 
the  flow  in  the  ditches.  The  supply  of  ditch  water  early  in  the  season 
is  always  sufliciont  to  raise  the  '*sub.'^  Then,  later  in  the  season, 
when  the  ditch  water  fails,  the  ground  being  already  wet,  the  steady 
flow  of  the  artesian  wells  is  of  great  value.  Wliere  wells  are  not  to  be 
used  in  connection  with  the  ditch  water  a  reservoir  is  a  necessity, 
unless  they  are  very  large.  In  many  parts  of  the  valley,  owing  to  the 
loose  texture  of  the  soil,  reservoirs  will  absorb  the  entire  flow  of  a  well 
for  a  year  before  holding  water.  It  is  suggested  that  it  would  be  a 
good  plan  to  construct  reservoirs  in  the  fall  and  turn  in  the  muddy 
flood  water  from  the  ditch  until  the  bottom  of  the  reservoir  is  thor- 
oughly wetted  and  silted  up. 

It  is  hard  to  make  a  just  estimate  of  the  extent  of  the  use  of  artesian 
water  in  irrigation,  first,  because  of  the  fact,  before  stated,  that  the 
water  is  in  many  places  turned  into  the  ditches  to  supplement  the 
ditch  flow,  and,  second,  because  there  is  a  tendency  in  the  valley  to 
underrate  the  extent  of  such  use,  lest  an  optimistic  estimate  should 
unfavorably  affect  desired  legislation  for  storage  reservoirs  in  the 
mountains.  It  is  realized  locally  that  further  agricultural  expansion 
depends  on  the  construction  of  reservoirs  to  conserve  the  flood  waters, 
and  there  is  a  concerted  movement  in  that  direction. 

WELLH. 
WELL  DRILLING. 

With  a  few  exceptions  the  wells  of  the  valley  have  been  sunk  by 
the  hydraulic  jet  process.  The  exceptions  are  those  which  have  been 
drilled  through  lava,  mostly  nonflowing  wells.  The  deepest  well  in 
the  valley,  the  No.  1  well  of  the  San  Luis  Oil  Company,  1,283  feet 
deep,  was  sunk  by  the  hydraulic  process,  as  were  many  others  that 
reach  1 ,000  feet  or  more  in  depth.  The  individual  drillers  have  their 
favorite  forms  of  bits,  and  their  own  methods  of  *' rotating"  or 
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"driving?  the  casing,  but  the  general  method  of  sinking  is  the  same 
here  as  elsewhere. 

When  the  well  has  been  sunk  into  the  desired  aquifer  and  the  flow 
is  reached,  the  pump  is  kept  going  for  some  time,  a  day  or  more  in 
deep  wells,  with  the  object  of  stirring  up  the  sand  and  carrying  it  up 
the  well  bore  until  a  considerable  cavity  is  made  at  the  bottom  of  the 
well.  Water  can  be  delivered  to  the  well  only  so  fast  as  it  can  come 
through  the  sand  walls  of  the  cavity  at  the  bottom  of  the  well.  The 
larger  this  cavity,  the  greater  the  contributing  area  of  sand  wall 
and  the  greater  the  volume  of  water.  A  new  well  naturally  excavates 
for  itself  such  a  cavity  and  "throws  sand"  for  several  days,  often 
with  a  pronounced  increase  of  flow.  But  in  the  process  large  lumps 
may  cave  away  from  the  clay  above  and  entirely  shut  off  the  flow. 
It  is  the  better  plan,  therefore,  to  pump  out  the  cavity  while  the  drill 
rig  is  set  up  over  the  well,  so  as  to  clear  away  the  obstruction  if  the 
well  chokes  up.  It  is  customary  in  the  valley  to  case  only  to  the  first 
clay  bed,  through  the  superficial  soil  and  gravel.  This  distance 
varies  from  10  to  50  or  rarely  to  100  feet.  Though  inevitable,  this 
practice  of  partial  casing  is  much  to  be  deplored. 

Owing  to  the  high  freight  rates,  the  item  of  casing  in  an  average 
well  costs  more  than  the  drilling.  As  long  as  a  new  well  can  be  put 
down  for  the  cost  of  casing  the  first  one,  most  people  of  moderate 
means,  at  least  in  districts  where  the  clay  resists  the  caving  fairly  well, 
will  prefer  to  take  chances  on  the  caving  of  the  uncased  well,  espe- 
cially where  the  wells  are  drilled  for  irrigation  purposes  as  a  last  resort 
after  successive  failures  of  the  ditch  water  and  when  immediate  results 
are  needed.  Many  wells,  however,  are  cased  down  to  the  main  flow 
that  is  used.  The  flow  of  such  a  well  is  affected  only  by  increase  in  the 
number  of  weUs,  and  can  be  shut  off  in  winter  time  with  impunity, 
whereas  the  uncased  well  is  quite  Ukely  to  cave  within  a  year  or  so, 
particularly  if  plugged  in  winter.  A  large  percentage  of  the  wells  in 
the  valley  have  fallen  off  one-half  or  more  in  flow,  principaUy  through 
caving  in.  If  caving  takes  place  as  a  result  of  plugging  the  well,  it 
usually  happens  when  the  plug  is  removed.  While  the  well  is  open 
the  rapid  ascent  of  the  water  tends  to  carry  to  the  surface  and  clear 
the  well  of  any  caved  material  as  fast  as  it  faUs.  When  the  well  is 
plugged,  however,  the  water  in  the  bore  and  to  a  certain  extent  in  the 
different  aquifers  assumes  a  uniform  pressure.  This  uniformity  of 
pressure  has  a  tendency  to  favor  the  disintegration  of  the  walls  of  the 
bore.  The  material  breaking  away  settles  downward  through  the 
still  water  in  the  bore  and  packs  itself  in  the  bottom.  When  the  well 
is  turned  on  again  the  amount  of  material  packed  in  the  bottom  may 
be  sufficient  to  cut  off  the  lower  flow.  Again,  the  sudden  shock  of 
decrease  of  pressure  when  the  well  is  suddenly  opened  by  knocking 
out  the  plug  has  likewise  a  tendency  to  jar  off  pieces  of  the  clay  wall. 
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The  cost  of  boring  wells,  owing  to  the  similarity  of  the  formations, 
is  nearly  uniform  for  similar  size.s  over  the  valley.  The  price  of  the 
completed  well  varies  of  course  with  the  diameter  and  depth  of  the 
bore  hole  and  the  size  and  length  of  the  casing.  The  price  of  CAsin^ 
also  varies  materially  from  time  to  time.  The  following  statement 
gives  the  cost  of  a  few  typical  wells  in  Alamosa,  and  the  cost  of  others 
has  been  given  in  preceding  pages. 

Cost  of  typical  vfUs  in  AlamoM. 

Two-inch  wells: 

230  fiH?t  deep,  caf«ed  about  50  feet $55 

460  feet  deep,  ca^ed  about  50  feet 101 

600  feet  deep,  cased  about  50  feet 135 

735  feet  deep,  cased  to  the  bottom 351 

Three-inch  wells: 

650  feet  deep,  cased  about  50  fe^^t 145 

730  feet  deep,  cai^tni  about  50  feet 161 

Town  well,  5|  inches  in  diameter: 

865  feet  deep,  cased  tr)  H52  feet 1 ,  865 

APPROXIMATE  KEASXJBEICEKT  OF  FLOWING  WELUS. 

Tables  for  determining  the  discliarge  of  water  from  completely 
filled  vertical  and  horizontal  pipes  were  prepared  a  number  of  years 
ago  by  Prof.  J.  E.  Todd,  state  geologist  of  Soutli  Dakota,  w^ho  issued 
a  private  bulletin  describing  simple  methods  of  determining  quickly, 
with  fair  accuracy  and  with  little  trouble,  the  yield  of  artesian  wells. 
The  following  tables  and  explanaticms  relating  to  vertical  and  hori- 
zontal pipes  are  taken  from  this  bulletin,  witli  extensions  by  the 
present  writer.  The  explanations  and  tables  relating  to  the  meas- 
urement in  the  partly  fdled  liorizontal  and  inclined  pipes  are  from  a 
paper  by  Cliarles  S.  Slichter.** 

FLOWS    FROM    FILLED   PIPES. 

In  determining  the  flow  of  water  discharged  through  a  pipe  of 
uniform  diameter  all  that  is  necessary  is  a  foot  rule,  still  air,  and  care 
in  taking  measurements.  Two  methods  are  proposed,  one  for  pipes 
discharging  vertically,  which  is  particularly  applicable  before  the 
well  is  permanently  finished,  and  one  for  horizontal  dischai^e,  which 
is  the  most  usual  way  of  finishing  a  well. 

The  table  on  page  121  is  adapted  to  wells  of  moderate  size  as  well 
as  to  large  wells.  If  the  well  is  of  a  diameter  not  given  in  the  table 
its  discharge  can  without  much  difficulty  be  obtained  from  the  table 
by  remembering  that,  other  thin^^s  being  equal,  the  discharge  varies 
as  the  square  of  tlie  diameter  of  tlie  pipe.     If,  for  example,  the  pipe 

o In  Contributions  to  tlif  liydrolopy  of  the  pastfm  rnitoM  Stales.  1904:  Water-Supply  Paper  U.  8. 
OeoL  Survey  No.  110,  190."..  pp.  37-42. 
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is  one-half  inch  in  diameter  its  discharge  will  be  one-fourth  of  that 
of  a  pipe  1  inch  in  diameter  for  a  stream  of  the  same  height.  In  a 
similar  manner  the  discharge  of  a  pipe  8  inches  in  diameter  can  be 
obtained  by  multiplying  the  discliarge  of  the  4-inch  pipe  by  4. 

In  the  first  method  the  inside  diameter  of  the  pipe  should  first  be 
measured,  then  the  distance  from  the  end  of  the  pipe  to  the  highest 
point  of  the  dome  of  the  water  above,  in  a  strictly  vertical  direction — 
a  to  b  in  the  diagram  (fig.  14).  Find  tliese  distances  in  Table  1;  the 
corresponding  figure 'gives  the  number  of  gallons  discharged  each 
minute.  Wind  would  not  interfere  in  this  case,  if  only  the  measure- 
ments are  taken  vertically. 

The  method  for  determining  the  discharge  of  horizontal  pipes 
requires  a  little  more  care.  First  measure  the  diameter  of  the  pipe 
as  before;  then  from  a  point  (6,  fig.  14)  6  inches  vertically  below  the 
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Figure  14.— Diagram  illustrating  flow  from  vertical  and  horizontal  pipes. 

center  of  the  opening  of  the  pipe,  or  some  convenient  point  corre- 
sponding to  it  on  the  side  of  the  pipe  (a),  measure  strictly  horizontally 
to  the  center  of  the  stream  (6  to  e).  With  these  data  the  flow  in 
gallons  per  minute  can  be  obtained  froni  Table  2.  It  will  readily  be 
seen  that  a  slight  error  may  make  much  difference  in  the  result. 
Care  must  be  taken  to  measure  horizontally  and  also  to  the  center 
of  the  stream.  Because  of  this  difficulty  it  is  desirable  to  check  the 
first  determination  by  a  second.  For  this  purpose  columns  are  given 
in  the  tables  for  corresponding  measurements  from  a  point  12  inches 
below  the  center  of  the  pipe.  Of  couise  the  same  result  should  be 
obtained  in  the  two  nieasureinents  of  tlie  same  stieani.  Wind  blow- 
ing either  with  or  against  th(»  water  may  vitiate  results  to  an  indefi- 
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nite  amount;  therefore  measurements  should  be  taken  while  the  air 
is  still. 

Whenever  fractions  occur  in  the  height  or  horizontal  distance  of  the 
stream  the  number  of  gallons  can  be  obtained  by  apportioning  the  dif- 
ference between  the  readings  in  the  table  for  the  nearest  whole  num- 
bers, according  to  the  size  of  the  fraction.  For  example,  if  the  distance 
from  the  top  of  the  pipe  to  the  top  of  the  stream  in  the  first  case  is 
9 1  inches,  one-third  of  the  difference  between  the  reading  in  the  table 
for  9  and  10  inches  must  be  added  to  the  former  to  give  the  correct 
result.  * 

One  might  suppose  that  when  the  flow  of  a  well  is  measured  by 
both  methods  the  results  should  agree,  but  that  is  not  the  fact.  In 
the  vertical  discharge  there  is  less  friction,  and  the  flow  is  larger;  so 
also  in  the  second  method  differences  will  be  found  according  to  the 
length  of  the  horizontal  pipe  used. 

As  pipes  are  occasionally  set  at  an  angle,  it  is  well  to  know  that  the 
second  method  can  be  applied  to  them  if  the  first  measurement  is 
taken  strictly  vertically  from  the  center  of  the  opening,  and  the  sec- 
ond measurement  from  that  point  parallel  with  the  axis  of  the  pipe  to 
the  center  of  the  stream,  as  before.  The  rates  of  flow  in  Table  2  are 
then  Applicable. 

These  tables  are  based  upon  a  well-known  formula  of  hydraulics. 
Experiment  has  shown  that  a  margin  of  error  is  involved  in  the 
estimates  when  the  height  of  the  jet  is  less  than  2  feet — that  in  such 
results  there  is  5  to  20  per  cent  or  more  of  excess,  which  is  greater 
the  smaller  the  pipes  and  the  lower  the  jets.  But  these  are  just  the 
flows  that  can  be  most  easily  measured  in  a  vessel  of  known  size,  and 
this  method  should  always  be  resorted  to  when  possible.  The  greater 
number  of  the  larger  wells  flow  from  vertical  pipes.  Such  a  pipe  may 
be  so  close  to  the  ground  that  the  water  can  not  be  caught  in  a 
receptacle;  and  not  uncommonly  it  is  surrounded  by  a  reservoir, 
designedly  or  otherwise,  so  that  it  is  inconvenient  to  measure  by 
means  of  a  vessel.  For  measuring  the  flow  of  such  wells  the  tables 
will  be  found  very  convenient. 

To  convert  gallons  into  cubic  feet,  divide  by  7.5,  or,  more  accu- 
rately, by  7.48. 

A  second-foot  equals  a  flow  of  448.8  gallons  a  minute,  or  38.4  Colo- 
rado miner's  inches.  A  flow  of  100  Colorado  miner's  inches  equals 
2.6  second-feet.  A  flow  of  100  Colorado  miner's  inches  equals  1,170 
gallons  a  minute;  1  Colorado  miner's  inch  equals  1 1.7  gallons  a  minute. 
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Table  1. — For  determining  yield  of  artesian  wells  flowing  from  vertical  pipes. 
IQalloos  per  mionte.] 


Height 
of Jet. 

linoh. 

2  inches. 

3  inches. 

4faiohea. 

6ill0lMHL 

Oinehes. 

In. 

1.90 

6.7 

16.2 

29.4 

47.2 

60.8 

2.80 

10.7 

24.0 

43.0 

00.2 

96.0 

3.43 

13.6 

30.4 

64.0 

86.5 

121.6* 

8.90 

15.8 

35.6 

63.2 

98.8 

142.4 

4.42 

17.8 

40.2 

71.0 

Iia8 

160.8 

4.85 

19.5 

44.3 

78.0 

121.6 

m.2 

5.24 

21.1 

48.0 

84.1 

130.5 

192.0 

1 

5.60 

22.4 

61.4 

89.6 

140.0 

205.6 

IJ 

6.29 

25.2 

67.4 

ioa5 

156.8 

229.6 

1} 

6.90 

27.6 

62.6 

iia2 

171.6 

250.4 

7.45 

29.9 

67.5 

119.4 

186.3 

270.0 

2 

7.99 

32.0 

71.9 

128.0 

200.0 

287.6 

3 

9.81 

39.2 

88.3 

146.8 

245.0 

353.2 

4 

11.33 

45.3 

102.0 

181.2 

283.1 

406.0 

6 

1X68 

60.7 

113.8 

202.8 

316.9 

455.2 

0 

13.88 

55.5 

124.9 

222.0 

346.9 

499.6 

7 

14.96 

59.8 

134.9 

230.2 

37^8 

639.6 

8 

16.00 

64.0 

144.1 

256.0 

400.0 

676.4 

9 

17.01 

68.0 

153.1 

272.0 

425.0 

612.4 

10 

17.93 

71.6 

161.3 

286.4 

447.5 

645.2 

11 

18.80 

75.2 

169.3 

300.8 

470.0 

677.2 

12 

19.65 

78.6 

176.9 

314.4 

491.3 

707.6 

13 

20.46 

81.8 

184.1 

327.2 

611.3 

736.4 

14 

21.22 

84.9 

190.9 

339.6 

630.6 

763.6 

16 

21.95 

87.8 

197.5 

361.2 

648.8 

790.0 

16 

22.67 

90.7 

203.9 

362.8 

666.9 

815.6 

17 

23.37 

93.5 

210.3 

374.0 

584.4 

841.2 

18 

24.06 

96.2 

216.5 

384.8 

601.3 

866.0 

19 

24.72 

98.9 

222.5 

305.6 

618.1 

890.0 

30 

25.37 

101.6 

228.5 

406.4 

635.0 

914.0 

21 

26.02 

104.2 

234.3 

416.8 

651.3 

937.2 

22 

26.66 

106.7 

240.0 

426.8 

666.9 

960.0 

23 

27.28 

109.2 

245.6 

436.8 

682.5 

482.4 

24 

27.90 

111.6 

251.1 

446.4 

697.5 

1,004.4 

25 

28.49 

114.0 

256.4 

456.0 

715.5 

1.02.5.6 

20 

29.05 

116.2 

261.4 

464.8 

726.3 

1.045.6 

27 

29.50 

118.2 

266.1 

472.8 

738.8 

1,064.4 

28 

30.08 

120.3 

270.4 

481.2 

751.9 

1,061.6 

29 

30.55 

121.9 

274.1 

487.6 

761.9 

1.096.4 

30 

30.94 

123.4 

277.6 

493.6 

ni.3 

1,110.4 

36 

34.1 

136.3 

306.6 

645.2 

851.9 

1,226.4 

48 

39.1 

156.5 

352.1 

626.0 

978.1 

1,406.4 

60 

43.8 

175.2 

394.3 

700.8 

1.095.0 

1.577.2 

72 

48.2 

192.9 

434.0 

ni.6 

1,205.6 

1,736.0 

84 

51.9 

207.6 

467.0 

830.4 

1,297.5 

1,868.0 

96 

55.6 

222.2 

500.0 

888.8 

1.388.8 

2,000.0 

106 

58.9 

235.9 

530.8 

943.6 

1.474.4 

2, 123. 2 

120 

62.2 

248.7 

659.5 

984.8 

1,554.4 

2,238.0 

132 

65.1 

260.4 

585.9 

1.041.6 

1.627.5 

2,343.6 

144 

68.0 

272.2 

612.5 

1,088.8 

1,701.3 

2,450.0 
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Table  2. — For  determining  yield  of  artesian  welU  flowing  fnmi  horitontal  pipes, 

[Qallons  per  minute.] 


u 

o  o 

1-Inch  pipe. 

2-inch  pipe. 

3-Ineh  pipe. 

6-Inch 

12-Inch 

6-inch 

12-inch 

6-Inch 

12-Inch 

tef 

level. 

level. 

level. 

level. 

level. 

level. 

In. 

6 

7.01 

4.95 

27.71 

19.63 

62.35 

44.17 

7 

8.18 

5.77 

32.33 

22.90 

72.74 

51.53 

8 

9.35 

6.60 

36.94 

26.18 

83.12 

58.91 

9 

10.51 

7.42 

41.56 

29.45 

93.51 

66.26 

10 

11.68 

8.26 

46.18 

32.72 

103.91 

73.62 

11 

12.85 

9.08 

saso 

35.99 

114.30 

80.98 

12 

14.02 

9.91 

55.42 

39.26 

124.70 

88.34 

13 

15.19 

10.73 

60.03 

42.54 

135.07 

95.72 

14 

16.36 

11.56 

64.65 

45.81 

145.46 

103.07 

15 

17.53 

12.38 

69.27 

49.08 

155.86 

110.43 

16 

18.70 

13.21 

73.89 

52.35 

166.25 

117.79 

17 

19.87 

14.04 

78.51 

55.62 

176.65 

126.15 

18 

21.04 

14.86 

83.12 

58.90 

187.02 

132.53 

19 

22.21 

15.69 

87.74 

62.17 

197. 42 

139.88 

20 

23.37 

16.51 

92.36 

65.44 

207.81 

147.24 

21 

24.54 

17.34 

96.98 

68.71 

218. 21 

154.60 

22 

25.71 

18.17 

101.60 

71.98 

228.60 

161.96 

23 

26.88 

18.99 

106.21 

75.26 

238.97 

169.34 

24 

28.04 

19.82 

110.83 

78.53 

249. 37 

176.69 

25 

29.11 

20.64 

115.45 

81.80 

259.76 

184.05 

26 

30.38 

21.47 

120.07 

85.07 

270.16 

191. 41 

27 

31.55 

22.29 

124.69 

88.34 

280.65 

198.77 

28 

32.72 

•23.12 

129.30 

.  91. 62 

290.93 

206.15 

29 

33.8*» 

23.95 

133.92 

94.89 

301.32 

213.50 

30 

35.06 

24.77 

138.  W 

98.16 

311.72 

220.86 

31 

36.23 

'25.59 

143. 16 

101.43 

322.11 

228.22 

32 

37.40 

26.42 

147.  78 

104.70 

332.51 

236.58    ' 

33 

38.57 

•27.25 

152.39 

107.98 

342.88 

242.96 

34 

39.64 

28.08 

157. 01 

111.25 

353.27 

250.31 

35 

40.45 

28.64 

161.63 

114.52 

363.67 

257.67 

36 

41.60 

29.46 

166.25 

117.79 

374.06 

266.03 

Conlir 

lie  liy  atU\ 

Ing  foreac 

hlnch- 

1.15 

0.82 

4.62 

3.27 

10.39 

7.36 

The  flow  in  pipes  of  diameters  not  given  in  the  table  can  easily  be 
obtained  in  the  following  manner: 

For  J-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0.  25 

For  f -inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0.  56 

For  IJ-inch  pipe,  multiply  discharge  of  1-inch  pipe  by L  56 

For  li-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 2.  25 

For  3-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 2.  25 

For  4-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 4.  00 

For  4i-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 5.  06 

For  5-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 6.  25 

For  6-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 9.  00 

For  8-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 16.  00 

MEASUREMENT   OF    FLOWS    FROM    PARTLY   FILLED   PIPES. 

From  Table  3  below  it  should  be  possible,' if  the  wind  is  not  blowing 
too  hard,  to  determine  the  flow  from  a  partly  fiUed  pipe  with  an  error 
probably  not  exceeding  1 0  per  cent.  This  error  is  no  greater  than  the 
fluctuation  of  the  flow  due  to  the  daily  variations  of  the  barometric 
pressure  in  most  wells.      The    results   in   extreme  cases,  such  as  a 
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J-inch  stream  in  a  6-inch  pipe  are,  of  course,  still  less  accurate,  and 
actual  measurement  by  collecting  the  water  in  a  vessel  of  definite 
capacity  should  be  resorted  to  if  possible. 

Table  3. — For  estimating  the  discharge  from  partly  filled  horizontal  or  sloping  pipes. 


Fractional  part 

Fractional  part 

of  diameter  of 

Discharge  ex- 

of diameter  of 

Discharge  ex- 

pipe not  occu- 

pressed as  per- 
centage of  dis- 
charge from 
fullpipe, 
same  size. 

pipe  not  occu- 

pressed as  per- 
centage of  dis- 
charge from 
full  pipe, 
same  size. 

pied  by  water. 

rObtalned  by 

dividing  A  D 

by  A  B  in 

pied  by  water. 

(Obtained  by 

dividing  A  D 

by  A  Bin 

fl«.l.] 

0.55 

ao5 

0.98    ' 

0.44 

.10 

.05 

.60 

.37 

.16 

.91    , 

.65 

.31 

.20 

.86 

.70 

.25 

.26 

.80 

.75 

.20 

.30 

.75    ' 

.80 

.14 

.35 

.60 

.85 

.092 

.40 

.63 

.90 

.054 

.45 

.65 

.95 

.015 

.50 

.50 

1.00 

.000 

To  estimate  the  discharge  from  a  partly  filled  horizontal  or  sloping 
pipe,  first  estimate  the  discharge  from  full  pipe  of  the  same  size  by 
means  of  Table  2. 


FioimE  15.— Method  of  measuring  partly  filled  pipes. 

Next  measure  with  a  foot  rule  the  dimensiim  A  D  (fig.  15)  of  the 
empty  portion  of  the  cross  sectiim  of  the  pipe.     Divide  this  by  the 
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inside  diameter  of  the  pipe,  which  will  give  the  fractional  part  of  the 
diameter  that  is  occupied  by  the  empty  part  of  the  pipe.  In  Table  3  find 
in  the  first  column  the  number  nearest  to  the  above  quotient.  Oppo- 
site this  number  will  be  found  the  percentage  of  the  discharge  of  the 
full  pipe  that  the  partly  filled  pipe  is  yielding.  It  is  sufficient  to 
measure  the  distance  A  D  to  the  nearest  eighth  of  an  inch,  or  at  most 
to  the  nearest  sixteenth  of  an  inch. 

Suppose  that  a  2-inch  horizontal  pipe  has  a  length  of  jet  of  13  inches 
at  6-inch  level.  From  Table  2  this  would  represent  a  discharge  of  60 
gallons  per  minute  from  the  full  pipe.  Suppose  that  the  distance 
A  D  is  five-eighths  of  an  inch  and  A  B  is  2  inches,  or  sixteen-eighths 
of  an  inch.  Dividing  5  by  1 6  gives  0.3 1 .  In  the  first  colunm  of  Table 
3  we  find  0.30,  the  nearest  to  0.31,  and  opposite  0.30  in  the  second 
column  of  the  table  appears  0.75.  The  discharge  from  the  partly 
filled  pipe  is  therefore  60  X  0.75  =  45  gallons  per  minute. 


Digitized  by  VjOOQIC 


INDEX. 


A.  rage. 

Acknowledgroents  to  those  aiding 7-8 

Adams  ranch  well,  description  of 61-62 

record  of 61 

Agriculture,  conditions  of 2&-29 

Alamosa,  wells  at  and  near 55,57-60 

wells  at  and  near,  location  of,  map  show- 
ing        58 

records  of. 58-60 

water  of,  analyses  of 112, 113 

Alamosa  Creek,  fan  of 10 

glaciation  on 33 

reservoir  on 18 

valley  of,  geology  of 30-31 

section  of 31 

view  on 30 

Alamosa  formation,  age  of .  t 46 

deposition  of 52-53 

Ibssilsof 47 

occurrence  and  character  of 40-47 

sections  of 40-43 

view  of 40 

Alamosa  Milling  and   Elevator  Co.'s  well, 

description  of 69 

water  of,  analysis  of 112 

Alkali,  injury  from 26, 27-28 

kxiation  of,  map  showing,  character  of . . .       28 
Alkali-lake  deposits,  occurrence  and  character 

of 50 

Allavial  fans.    See  Fans,  alluvial. 

Alhivium,  oocorrenoe  and  character  of 49 

AWtades,  table  of 11-12 

Ammonia,  amount  of,  in  well  waters 11 1 

Andersen  well,  description  of 83-84 

water  of,  analysis  of 112 

Antetope  Springs,  description  of 103 

Antonito,  view  near 30 

wells  near 92-93 

records  of. 92  93 

water  of,  analysis  ol 112 

Artesian  basin  (San  Luis),  capacity  of 56-57 

characteristics  of 105  110 

description  of. 54-55 

water  of,  source  of 55-56 

supply  of 56 

Artesian  system,  general  requisites  of 54 

Atkinson  ranch  well,  description  of 68 

Austin  ranch  well,  description  of 68 

B. 

Bsca  grant,  welb  on 79, 100 

BaWy,  weUs  near lOO^lOl 

Baldy  Peak,  rocks  of  and  near 35-36 

Bear  Creek,  glaciation  on 38 

Becker  well,  description  of 67 

record  of 67 


Page. 

Beckwith  well,  description  of 101 

record  of 101 

Bibliography  of  region 8-9 

Black  Canyon,  glaciation  on 38 

Blanca  farm  well,  description  of 60 

water  of,  anal3rsis  of 112 

Blanca  Peak,  fans  near 10 

glaciation  on 38 

rocks  of 35-36 

section  from,  figure  showing 45 

view  of 10 

Blufib,  occurrence  of 11 

Bowen,  wells  near 97-98, 115 

wells  near,  record  of 97 

Braiden  well,  description  of 94 

Bucher  well,  description  of 55,57 

water  of,  analysis  of 111.112,113 

view  of '    40 

Building  stone,  occurrence  and  character  of. .       30 

C. 

Calkins  wells,  description  of 80 

records  of 80 

Capulin,  wells  near 95-97 

wells  near,  records  of 95.96 

Camero,  wells  near 74 

Carpenter,  L.  Q.,  cited 49,56,57-58 

Cat  Creek,  fan  of 10 

glaciation  on 33 

valley  of,  geotogy  of 31 

view  on 32 

Centennial  ditch,  flow  of 19 

Center,  wells  near 71-73 

wells  near,  location  of,  map  showing 72 

record  of 73 

water  of,  salts  In Ill 

Chamberlain  Hot  Springs,  description  of...  103-104 

pumping  near 21 

view  at 102 

Chauvenet,  R.,  analysis  by 112 

Chicago  and  San  Luis  Oil  Co.'s  well,  descrip- 
tion of. : 82 

record  of 43 

Chltton  well,  record  of 84 

Clark  well,  description  of 87-88 

gas  In 87 

record  of 88 

view  at 88 

Climate,  description  of 22  25 

Colorado,  index  map  of 9 

Conejos,  rainfall  and  temperature  at 22-24 

Conejos  County  Oil  Co.'s  well,  description  of.       95 

record  of W 

Conejos  Range,  geology  of 29-34 

section  fhioa,  figure  showing 45 

125 


Digitized  by  VjOOQIC 


126 


OTDEX. 


iinra-  'jo 

fwtjoC 


I* 
:r* 

> 


D. 


D»IL  W.  H..  to-  i:*  I^c*:".*.!  hy 

iMl  Nor>.  'li^  fcArjTP  ^ -  l- 

w*-^!  n^-rf 

wai.^  o(  a&:^:.u^of 

l>d  Vor^  '^^naJ.  Ouw  c4 .  -     

Dco\cr  *iyl  Rio  Orar.4^  w»-'l«.  'V^-ri;  'km  <>(. 


47 

Hi 

in  I  4 


nfxfed  (A 

»aU!T  M.  anaJ>  I*  o( 

mAler  fA.  nt^'r   i  *A 

lyndntgt'.  <kw-np*bin  *ff 

IhJOXi  rax¥h  weii.  *irvrip*UtD  of. 


.>  *»,  'i: 


I'ii 
11-' 
lirj 
.112 

\: 


11 

l.» 

lit 

Iti-  Is 

?^j 

1"^ 

♦41 

til 

*4 

»i) 

49 

.  -v? 

19 

9»-. 

74 

71 

E. 

Kaflt  ran jr*^,  J? bciatWn  of 

«(lr<»iipniph>  ami  ^triMiure  of 

Kk%aUoa-,  t-*t»t**  of 

KHWiH  »«*I1,  »Ht<T'>f, -all.-*  in 

Kml/ij'!'>.  fll-^har(;e  at II, 

Eififdofi-.  fl.  F.,  <itH 

Kmpir*' f-aniil,  flow  of 

Knifiir*'  f *rm  we\l-,  fjes/iiption  of 

r«-*iT'U  of 

vJfw  of 

Kn^lirh,  F.  M.,dl*»<l .Vt  rC.-P)  40,48, 

Kr.(rU»,  N-  M*^x.,  re^^^^rvoir  at 

K  krM?e  w**!!,  rwoni  of 

Eiiplrw-a  wpII,  dew-riptlon  of 

vkw  of 


Fans,  allmiiil,  o<-<iirTpmp  of lo.  4H49 

relarion  of,  to  ir'orainrs U> 

li^rure  ,how  ifijr i*> 

rplallon  of,  to  wat^r  U''N 4.'>  4«> 

FHrrrirT-.' Inlon '-itnal,  flow  of 10.19 

F«'llowi,  A.  L.,rlU-d 17 

Fii-I'l  work. 'laU' of 7 

Flrfk,  li«Tnian,  ciU'd -V) 

Flow,  variations  in I(i5  lOK 

Flowing  well  ,  •lotail«»<l  <les<ription.s  of 57  92 

FhlifX"!,  mnva..,  u>^  of 21   22 

Fort  (inrlan<J,  riilnfull  and  tenii)eraturp  at...  22  'i.") 

rwks  n<*ar .'W 

wcU^  n<*ar HM 

rcy-ord  of 101 

F*orl  Mav.a^husett-H,  rainlall  at 25 

Fountain,  wolls  near 02  «;j 

wf'lk  nnar,  rp<'or<J.s  of 02  r>.'i 

Fow Ut,  Ja^ob,  rltp'l 52 

Frazi-**  ranrh  well,  description  of 77 

Fffxl  woll,  rword  of W 

Fritz  Kinj*cri»is  well,  description  of .W 


<rf IM3 

tpcrstarvat 72  U 

•  >tfTiKB  ml;  sad  ElrrMor  Co/s  ««■.  <iunip» 

tfoooC S3 

nesrdof 85 

vittr  oC  aaulras  «f 112 

0>a-  on  ^igmeof „..  Sl-82 

Cr*ocTv:T.  dorripfJoo  of »-» 

'Hwjoo  ti^'orr.  oc'fiae  of 50-M 

'>oiorT.  desmpuoo  of »-54 

< '^'iA'iocL  ocLtzmarc  and  i  hwlu  of: 

nn.'JoooLtotKT» 46 

SiTztT  «auwir,s 46 

f  >ooiUl]  vp::.  <tK9crip;ioa  oC S» 

record  of SB 

H. 

IiAn*4>n  Bhiff.  dnrrlptiua  uf.  11 

•**  'ion  St 40-41 

\ir«  of 40 

Hansen  nnrfa  wrtL  desrrfptioii  of 67 

HarvpT  rarfc*b  wrlh  desrriptkm  of 9fi-97 

Hiyden,  F.  V.  dt«1 32-33.»,39.4S 

Head  Jen,  W.  P.,  •iialy>is  by 112 

rt'ed 50.111.113 

Heruy.  welb  near 60-62.115 

wells  near,  records  of Gl-62 

Hes^  well,  •V-sc-riptioo  oL 73 

rw-ori  of 73 

Hinton.  K.  J..rtte«l 49 

H Irvt  well.  «lestTiption  of 59 

Hooper,  welk  near. location  of,  map  showing.  S5  KS 

re<-or'i<  ot R>  »t;,Ss 

water  of.  anaJv-ses  of 112 

Hot  (reek  Sprinjcs.  description  of. IW 

Hubbard  well,  description  of 63 

record  of 63 

Hunt  Sprinjcs.  description  of 102-103 

view  of 88 

Hydrojfraphy,  description  of 12-22 

I. 

Irrigation,  extent  of 19-22 

inetho«U  of 27-29 

prop^F'>^  of 25-2f» 

re!  ition  of.  to  Rio  (trande 15-18 

u>e  of  welLs  for 56-67,115-110 

Sff  Sublrrigatlon. 

J. 

Jac-ol*s  ranch,  description  of 89-90 

pas  on 90 

Johansen  ranch  well,  description  of 69 

Johnston  well,  description  of 74 

record  of 74 

'  Jordan  well,  description  of W 

K. 

'   Kennicott  Water  Softener  Co.,  analysis  by . . .  112 

Kiruh  well,  description  of 62 

!          record  of 62 

'          viewof «) 

Kinney  nuuh,  wells  on KS  89 

Knapp  well,  description  of 95 

record  of 96 


Digitized  by  VjOOQIC 


INDEX. 


127 


L.  Page. 

La  Garlta,  wells  near 99 

La  Jara,  rainfall  and  temperature  at 22-24 

wclb  near,  description  of 63-65 

location  of,  maps  showing 64,65 

records  of 63 ,  65 

water  of,  analysis  of 112 

La  Jara  Creek,  Ian  of 10 

La  Jara  Milling  and  Elevator  Co.'s  well,  de- 
scription of 64 

water  of,  analysis  of 112 

Lambert  well,  description  of 64-65 

record  of 65 

Lax'as,  effusioa  of 61,53-54 

Lee.  W.T.,  cited 34,37,53 

Literature,  list  of 8-9 

Location  of  San  Luis  Valley 9 

map  showing 9 

Lockett,  wells  of 73-74 

wells  of,  records  of 73,74 

Los  Mogotes,  discharge  near 15 

Los  Sauces,  springs  at,  water  of,  analyses  of . .      112 

wells  near 67-68 

records  of 67 

Lovett  well,  record  of 96 

M. 

If  cDaniel  well,  description  of 94 

record  of 94 

Mclntire  Springs,  description  of 101-102 

flow  of 17 

view  at 102 

water  of,  analysis  of 111,112.113 

McNieland  well,  water  of,  ammonia  in Ill 

water  of,  silicic  add  In 113 

Manassa,  wells  near 93  95 

wells  near,  records  of 94,95 

Map,  index,  of  Colorado 9 

Map  of  San  Luis  Valley Pocket 

description  of 10 

Medano  ranch,  dunes  on,  view  of 48 

wells  on,  description  of 80 

Medano  Springs,  description  of 103 

Mirage,  wells  near 78 

Mitchell  ranch  well,  description  of 61 

Moffat,  wells  near 76-77 

wells  near,  location  of,  map  showing 77 

records  of 77 

water  of,  analysis  of 112 

Monte  Vista,  rainfall  and  temperature  at 22-24 

rocks  near 32 

wells  near 69-71,98 

location  of,  map  showing 70 

record  of 09,71 

water  of,  analysis  of 111,112 

Monte  Vista  canal,  flow  of 19 

Monte  Vista  Milling  Co.'s  well,  description  of.       69 

record  of 69 

water  of,  analysis  of 112 

Mosca,  wells  near 82  85 

wells  near,  location  of,  map  showing 83 

record  of 84 

water  of,  analyses  of 112 

Mosca-Hooper  region,  oil  and  gas  In 81-82 

water  of,  character  of 81-82,114 

effects  of 114-115 

ireUsof 81-90 


Page. 
Mosca  Milling  and  Elevator  Co.'s  well,  de- 
scription of 83 

water  of,  analysis  of 112 

Mosca  Pass,  sand  dunes  near 40 

Myers  well,  description  of 67 

record  of 67 

N. 

Nash  well,  description  of 79 

record  of 79 

Navin  ranch  well,  description  of 74 

view  of 74 

Newcomb  ranch  well,  record  of 41-42 

Newcombe  well,  description  of 96 

Newsom  ranch  wells,  description  of 60 

record  of 60 

Norland  well,  description  of 64 

O. 

Oil,  occurrence  of. 82 

Orient,  springs  at,  water  of,  analysis  of 112 

Ottaway  well,  description  of 62 

record  of 62 

Outcault  well,  description  of 69 

r. 

Painted  Rock  Bluff,  description  of 31 

view  of 32 

Palmer  ranch  wells,  description  of 95 

Parma,  wells  near 08  69 

wells  near,  record  of 68 

Parrlsh  wells,  desirlptlon  of 91  92 

record  of 92 

Pipes,  flow  from 1 18  124 

PI  tier  ranch  well,  description  of 100 

Powell,  J.  W.,  on  Colorado  Irrigation 15  16 

Population,  character  of 25-20 

Prairie  ditch,  flow  of 10, 19 

Precipitation,  records  of 22-25 

Pumping  plants,  plan  of,  figure  showing 21 

use  of 20-21 

Q- 

Quallty  of  water,  records  of 111-115 

Quaternary  deposits,  occurrence  and  char- 
acter of 47-50 

R. 

Rainfall,  records  of 22-25 

Recent  deposits,  occurrence  and  character  of. .  47-50 

Relief,  description  of 10-12 

Reservoirs,  natural,  occurrence  of 18 

Reservoir  sites,  occurrence  of 18-19 

Richfield,  wells  near,locatlon  of,  map  showing.       65 

Rio  Grande,  course  of 49 

discharge  of.  at  Del  Norte 13, 16,20 

atEmbudo 14,16-18 

at  State  Bridge 14.16-17 

near  Los  Mogotes 15 

effect  of  San  Luis  irrigation  on 15  18 

fan  of 10,45-46 

Irrigation  from 20 

loss  of  water  in  sands  of 15,56 

reservoirs  on 18-19 

water  of,  silicic  add  In 113 

temperature  of 100 


Digitized  by  VjOOQIC 


128 


INDEX. 


Rock  Creek,  drque  OD,  view  of 10 

gladation  on 33 

valley  of,  geology  of 31-32 

wells  In 71,115 

Russell  Springs,  descripUoo  of UB 

S. 

Salts,  total  of ,  in  well  waten lU 

Sand  dunes,  occurrence  of 40,47-48 

view  of 48 

Sanlbrd,  welb  near 66-67 

wells  near,  location  of,  map  showing 66 

record  of 67 

Sangre  de  Cristo  Range,  age  of 63-54 

rocks  of 34-37 

San  Isabel,  wells  near 78-79 

wells  near,  record  of 79 

San  Luis,  rainfall  and  temperature  at 22-24 

rocks  near 37 

wells  near 90-92 

kxration  of,  map  showing 90 

San  Luis  canal,  flow  of 19 

San  Luis  Creek,  drainage  of 12 

fanof 11 

valley  of,  section  of 44-46 

section  of,  figure  showing 46 

San  Luis  Hills,  locaUon  of 9 

rocks  of 38-39 

San  Luis  Oil  C>o.,  well  of 116 

San  Pedro  Mesa,  rocks  of 32,38.39 

Santa  Fe  formation,  deposition  of 51-52 

occurrence  and  character  of  ...-•.. .  32-33, 39-40 

view  of 30 

Saguache,  rainfall  and  temperature  at 22-24 

rocks  near 32 

wells  near 99 

Saguache  Creek,  fan  of 11 

Sa watch  Range,  geology  of 29-34 

Schwartz  ranch  well,  description  of 60 

Seasons,  variation  of  flow  with 106 

variation  of  temperature  with 110 

Settlement,  order  of 25-26 

Shellabarger  well,  description  of 77 

Silicic  acid,  percentage  of,  in  well  waters 113 

SUchter,  C.  S.,  cited 118 

Smith  well,  description  of 91 

record  of 91 

Soda  Lake,  view  of 32 

Sodium  carbonate,  deposits  of 50 

Soil,  exhaustion  of 25-26 

Spriestcrbach  well,  description  of 59 

record  of 41 

water  of,  silicic  acid  In 113 

Spring  Creek,  description  of 102 

Springs,  occurrence  of 38, 101-104 

supply  from 17-18 

Star  ranch  well,  description  of 88 

State  bridge,  discharge  near 14, 16, 17 

Stevenson,  J.  J.,  cited 62  53 

Stewart  ranch  well,  description  of 68 

Stock  raising,  progress  of 27 

Strauss  well,  description  of 98 

Steam  gagings,  results  of 12-16 

"Sub."    See  Sublrrigatlon. 

Sublnigation,  injurious  ellects  of 27-29 


Sublrrigatlon,  methods  of 27 

pumping  lor 20 

relation  of,  to  well  flow 105 

Sulphur,  occurrence  of ,  in  well  water 113 

Swede  Corners,  wells  near 75-76 

wells  near,  records  of 75 

T. 

Tempecatore  of  air,  records  of 22-23 

Temperature  of  well  water,  variations  In  . .  lOfr-llO 
Tinted  water.    See  Mosca-Hoop^  rt|;ioo. 

Tobler  well,  description  of 78 

Todd.,  J.  E.,  on  flow  of  wells 118 

Topography,  description  of 10-12 

U. 

Underflow,  pumping  of 20-21 

Underground  waters,  account  of 54r-116 

Ute  Creek,  Ian  on 39 

rockson 36 

V. 

Valley,  rocks  of »r50 

Valley  View  Hot  Springs,  descriptioo  of. 104 

water  of,  analysis  of 112 

VanDiest,  E.  C.  and  P.  U.,  dted 37 

Vegetation,  character  of 26 

Veteran,  wells  near 74,115-116 

Villa  Grove,  rocks  near 34 

wells  near 99-100 

Von  Schultz  &  Low,  analyses  by 112 

W. 

Wagon  Wheel  Oap,  rainfall  and  temperature 

at 22-25 

Warner,  wells  near 76, 115-116 

welb  near,  section  of 76 

Washington  Springs,  description  of 103 

Waters,  underground,  account  of 54-116 

Watson  well,  description  of 85 

record  of 85 

Wells,  casing  of 117 

drllUngof 116-118 

cost  of 118 

failure  of 105-107 

flow  of 105-108 

measurement  of 118-124 

grouping  of 105 

interference  of 106-107 

irrigation  from 56-57. 115-116 

wat«r  of,  quality  of 111-115 

temperature  of 108- 110 

uses  of 115-116 

Su  aho  particuiar  weU*:  Flowing  wdb; 
Nonflowlng  wells. 

Western  ranges,  gladation  In 31-34 

rocks  of 29-32 

age  of 32-33 

See  aUo  Conejos  Range;  Sawatch  Rango. 

Wilkins  well,  description  of 60 

Willow  Creek,  park  on,  view  of 34 

rocks  on 35 

view  on 36 

Worcester  ranch  well,  descrlptkm  of 60 

Woodhouse  well,  description  of 74 


o 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ  IC 


128 


INDEX. 


Digitized  by  VjOOQIC 


3t 
00 


Digitized  by  VjOOQ  IC 


Digitized  by  VjOOQ  IC 


DEPARTMENT  OF  THE  INTERIOR 
UNITED  STATES  GEOLOGICAL  SURVEY 

GBORGB  OTIS  SMITH,  DiRlCTOR 


WATBB-SUPPL.Y  PAPBB  241 


SURFACE  WATER  SUPPLY  OF  THE 
UNITED  STATES 

1907-8 

Part  I.  NORTH  ATLANTIC  COAST 


PREPARED  UNDER  THE  DIRECTION  OF  M.  0.  LEIGHTON 

BT 

H.  K.  BARROWS  and  R.  H.  BOLSTER 


WASHINGTON 

eOTBBNHENT    PBINTINO    OFFIOB 
1910 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ  IC 


CONTENTS. 


Page. 

Introduction i.. 7 

Authority  for  investigations 7 

Scope  of  investigations 8 

Porpoeesof  thework 9 

Publicat  ions 10 

Definition  of  terms - 13 

Convenient  equivalents 14 

Explanation  of  tables 15 

Field  methods  of  measuring  stream  flow 16 

Office  methods  of  computing  and  studying  discharge  and  run-off 21 

Accuracy  and  reliability  of  field  data  and  comparative  results 25 

Useof  thedata 26 

Cooperation  and  acknowledgments 27 

Division  of  work 28 

North  Atlantic  coast  drainage 29 

St.  John  River  drainage  basin. . .  - 29 

Description 29 

St.  John  River  at  Fort  Kent,  Me 30 

Fish  River  at  Wallagrass,  Me 33 

Aroostook  River  at  Fort  Fairfield,  Me 36 

St.  Croix  River  drainage  basin 40 

Description 40 

St  Croix  River  near  Woodland,  Me 41 

Machias  River  drainage  basin 44 

Description 44 

Machias  River  at  Whitneyville,  Me 44 

Penobscot  River  drainage  basin 49 

Description 49 

River  surveys  in  Penobscot  drainage  basin 51 

West  Branch  of  Penobscot  River  at  Millinocket,  Me 52 

Penobscot  River  at  West  Enfield,  Me 56 

East  Branch  of  Penobscot  River  at  Grindstone,  Me 59 

Mattawamkeag  River  at  Mattawamkeag,  Me 62 

Piscataquis  River  near  Foxcroft,  Me 65 

Kenduskeag  Stream  near  Bangor,  Me 67 

Phillips  Lake  and  outlets  in  Holden  and  Dedham,  Me 68 

Miscellaneous  measurements 73 

Kennebec  River  drainage  basin 74 

Description 74 

River  surveys  in  Kennebec  drainage  basin 77 

Moose  River  near  Rockwood,  Me 77 

Moosehead  Lake  at  east  outlet.  Me 80 

Kennebec  River  at  The  Forks,  Me 82 

Kennebec  River  at  Bingham,  Me 85 

Kennebec  River  near  North  Anson,  Me 87 

Kennebec  River  at  Madison,  Me ; 89 

Kennebec  River  at  Waterville,  Me 90 

Roach  River  at  Roach  River,  Me 93 

Dead  River  near  The  Forks,  Me 95 

Carrabassett  River  near  North  Anson,  Me 97 

Sandy  River  near  Madison,  Me 99 

SebastioookRiverftt  Pittsfield,  Me., , X02 

3 


Digitized  by  VjOOQIC 


4  OONTENT8. 

North  Atlantic  coaat  drainage — ContinoecL  I%fe. 

Kennebec  River  drainage  basin — Continued. 

Cobboflseeoontee  Stream  at  Gardiner,  Me 10S 

Miaoellaneous  measurements 106 

Androscoggin  Riyer  drainage  basin 107 

Description 107 

River  sorveys  in  Androscoggin  drainage  basin 108 

Androscoggin  River  at  Shelbume,  N.  H 108 

Androacoggin  River  at  Romford  Falls,  Me 110 

Androacoggin  River  at  Dixfield,  Me 1 12 

Miscellaneoos  measurements 115 

Presumpscot  River  drainage  basin 115 

Description 115 

Presumpscot  River  at  outlet  of  Sebago  Lake,  Me 116 

Saco  River  drainage  basin 118 

Description 118 

8aco  River  near  Center  Conway,  N.  H 119 

Saco  River  at  West  Buxton,  Me 122 

Merrimac  River  drainage  basin.. 124 

Description 124 

Peraigewaflset  River  at  Plymouth,  N.  H 126 

Merrimac  River  at  Franklin  Junction,  N.  H 129 

Merrimac  River  at  (iarvins  Falls,  N.  H 131 

Merrimac  River  at  Lawrence,  Mass 134 

Contoocook  River  at  West  liopkinton,  N.  H 139 

South  Branch  of  Nashua  River  at  Clinton,  Mass 140 

Sudbury  River  at  Framiugbam  and  Lake  Cochituate  at  Cochitoate, 

Masi 142 

Connecticut  River  drainage  basin 1 44 

Description 144 

Connecticut  River  atOriord,  N.  H 146 

Connecticut  River  at  Sunderland,  Mass 148 

Connecticut  River  at  Hartford,  Conn 151 

Israel  River  (below  South  Branch)  near  Jefferson  Highlands,  N.  H.  153 

Ammonoosuc  River  at  Bretton  Woods,  N.  H 154 

Zealand  River  near  Twin  Mountain,  N.  H 155 

Ashuelot  River  at  Hinsdale,  N.  H 1  156 

Millers  River  near  Farley  Station,  Mass 160 

Ware  River  near  Ware,  Mass 160 

Quaboag  River  at  West  Warren,  Mass 162 

Westfield  Little  River  near  Blandford,  Masn 163 

Housatonic  River  drainage  basin i 169 

Description 160 

Housatonic  River  at  (iaylordsville,  Conn 169 

Hudson  River  drainage  basin 172 

Description 172 

Stations  on  main  stream 175 

Hudson  River  at  Northcreek,  N.  Y 175 

Hudson  River  at  Thurman,  N.  Y 178 

Hudson  River  at  Fort  Edward,  N.  Y 180 

Hudson  River  at  Mechanicville,  N.  Y 183 

Champlain  Canal  and  Glens  Falls  Feeder,  N.  Y 185 

Indian  Lake  Reservoir  at  Indian  Lake,  N.  Y 189 

Schroon  Kiver  l)a8in 191 

Description 191 

Schroon  Lake  near  Pottersville,  N,  Y 192 

Schroon  River  at  Riverbank,  N.  Y 192 


Digitized  by  VjOOQIC 


CONTENTS.  5 

North  ^t^isntic  coast  drainage — Continued.  Page, 
liuilfion  River  drainage  basin — Continueti. 

bacandaga  River  basin 195 

Description 195 

Sacandaga  River  at  Wells,  N.  Y 196 

'    Sacandaga  River  at  North ville,  N.  Y 198 

Sacandaga  River  near  Hadley,  N.  Y 201 

Battenkill  River  at  Battenville,  N.  Y 204 

Fish  Creek  atBurgoyne,  N.  Y 205 

Hoosic  River  basin 206 

Description 206 

Hoosic  River  at  Buskirk,  N.  Y 207 

Mohawk  River  basin 210 

Description 210 

Mohawk  Riverat  Little  Falls,  N.  Y 211 

Mohawk  River  at  Dunsbach  Ferry,  N.  Y 212 

West  Canada  Creek  at  Twin  Rock  Bridge,  N.  Y 214 

West  Canada  Creek  at  Kast  Bridge,  N.  Y 216 

East  Canada  Creek  at  Dolgeville,  N.  Y 218 

Schoharie  Creek  at  Prattsville,  N.  Y 220 

Kinderhook  Creek  at  Rossman,  N.  Y 223 

Catskill  Creek  at  South  Cairo,  N.  Y 226 

Esopns  Creek  basin 227 

Description .* 227 

Esopos  Creek  near  Olivebridge,  N.  Y 227 

Esopns  Creek  at  Kingston,  N.  Y 230 

Rondout  Creek  at  Rosendale,  N.  Y 233 

Miscellaneous  measurements 236 

Plassaic  River  drainage  basin 237 

Description 237 

Passaic  River  near  Chatham,  N.  J 237 

Ramapo  River  near  Mahwah,  N.  J 240 

Baritan  River  drainage  basin 241 

Description 241 

Raritan  River  at  Findeme,  N.  J 241 

Raritan  Riverat  Boundbrook,  N.  J 243 

Delaware  River  drainage  basin  .  ^ 246 

Description 246 

East  Branch  of  Delaware  River  at  Hancock,  N.  Y 247 

Delaware  River  at  Port  Jervis,  N.  Y 250 

Delaware  River  at  Ri^elsville,  N.  J 256 

Delaware  River  at  Lambertville,  N.  J 260 

West  Branch  of  Delaware  River  at  Hancock,  N.  Y 261 

Paulins  Kill  at  Columbia,  N.  J 265 

Musconetcong  River  near  Bloomsbury,  N.  J 267 

Tohickon  Creek  at  Point  Pleasant,  Pa 268 

Neshaminy  Creek  below  the  forks,  Pennsylvania 270 

Schuylkill  River  near  Philadelphia,  Pa 272 

Perkiomen  Creek  near  Frederick,  Pa 274 

Miscellaneous  measurements 277 

Susquehanna  River  drainage  b&sin 278 

Description 278 

Stations  on  main  stream 279 

Susquehanna  River  at  Colliersville,  N.  Y 279 

Susquehanna  River  at  Binghamton,  N.  Y 282 

Susquehanna  River  at  Wysox,  Pa 284 


Digitized  by  VjOOQIC 


6  CONTENTS. 

North  Atlantic  coast  drainage— Continued.  Pige. 
Susquehanna  River  drainage  basin — Continued. 
Stations  on  main  stream — Continued. 

Susquehanna  River  at  Wilkes-Barre,  Pa 286 

Susquehanna  River  at  Danville,  Pa 289 

Susquehanna  River  at  Harrisburg,  Pa ^...  292 

Susquehanna  River  near  McCall  Ferry,  Pa 295 

Chenango  River  basin 297 

Description 297 

Chenango  River  near  Greene,  N.  Y 298 

Chenango  River  at  Binghamton,  N.  Y 298 

Chemung  River  basin 302 

Description 302 

Chemung  River  at  Chemung,  N.  Y 302 

West  Branch:  Susquehanna  basin 306 

Description 306 

West  Branch  of  Susquehanna  River  at  Williamsport,  Pa 307 

Juniata  River  basin 310 

Description 310 

Juniata  River  at  Newport,  Pa 311 

Broad  Creek  at  Mill  Green,  Md 314 

Deer  Creek  near  Churchville,  Md 316 

Miscellaneous  measurements 319 

Gunpowder  River  drainage  basin 319 

Description 319 

Gunpowder  Falls  at  Glencoe,  Md 319 

Little  Gunpowder  Falls  near  Belair,  Md 322 

Patapsco  River  drainage  basin 325 

Description 325 

Patapsco  River  at  Woodstock,  Md 325 

Potomac  River  drainage  basin 328 

Description 328 

Potomac  River  at  Point  of  Rocks,  Md 329 

Shenandoah  River  at  Millville,  W.  Va 333 

Monocacy  River  near  Frederick,  Md 336 

Rappahannock  River  drainage  basin 339 

Rappahannock  River  near  Fredericksburg,  Vr 339 

Summaries  of  discharge  per  square  mile 341 

Index ; 345 


ILLUSTRATIONS. 


Plate  I.  A^  Current-meter  rating  station  at  Los  Angeles,  Cal.;  /?,  bridge  sta- 
tion and  croMS  section  of  stream  illustrative  of  0.2  and  0.8  depth 
nieth(Kl ,.         18 

II.  Price  penta-recording  current  meters : 20 

ill.  Dincharge,  area,  and  mean-velocity  curves  for  Aroostook  River  at 

Fort  Fairfield,  Me '. 22 

IV.  Profile  Falls  near  the  mouth  of  Smiths  River,  Bristol,  N.  H 126 

V.  Af  Log  jam  at  gaging  station  on  Sacandaga  River  at  Hadley,  N.  Y; 
Bf  Hydro -electric  power  development  on  White  River  near 
Sharon,  Vt 146 

VI.  Power  development  on  Rappahanno<*k  River  near  Fre<lericksburg, 

Va 340 


Digitized  by  VjOOQIC 


SURFACE  WATER  SUPPLY  OF  THE  NORTH  ATLANTIC 

COAST,  1907-8. 


By  H.  K.  Barrows  and  R.  H.  Bolster. 


INTRODUCTION. 

AUTHORITY   FOR   INVESTIGATIONS. 

This  volume  contains  results  of  flow  measurements  made  on  cer- 
tain streams  in  the  United  States.  The  work  was  performed  by 
the  water-resources  branch  of  the  United  States  Geological  Survey, 
either  independently  or  in  cooperation  with  organizations  mentioned 
herein.  These  investigations  are  authorized  by  the  organic  law  of 
the  Geological  Survey  (Stat.  L.,  vol.  20,  p.  394),  which  provides, 
among  other  things,  as  follows: 

Provided  that  this  officer  [the  director]  shall  have  the  direction  of  the  Geological 
Survey  and  the  classification  of  public  lands  and  examination  of  the  geological  struc- 
ture, mineral  resources,  and  products  of  the  national  domain. 

Inasmuch  as  water  is  the  most  abundant  and  most  valuable 
mineral  in  nature,  the  investigation  of  water  resources  is  included 
imder  the  above  provision  for  investigating  mineral  resources.  The 
work  has  been  supported  since  the  fiscal  year  ending  June  30,  1895, 
by  appropriations  in  successive  sundry  civil  bills  passed  by  Congress 
under  the  following  item: 

For  gaging  the  streams  and  determining  the  water  supply  of  the  United  States,  and 
for  the  investigation  of  underground  currents  and  artesian  wells,  and  for  the  prepara- 
tion of  reports  upon  the  beet  methods  of  utilizing  the  water  resources. 

The  various  appropriations  that  have  been  made  for  this  purpose 
are  as  follows: 

Annual  appropriations  for  the  fiscal  year  ending  June  30 — 

1895 $12,500 

1896 20,000 

1897  to  1900,  inclusive 50, 000 

1901  to  1902,  inclusive 100, 000 

1903  to  1906,  inclusive 200, 000 

1907 150,000 

1908  to  1910,  inclusive 100,000 
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8  SUBTACE  WATEB  SUPPLY,  1907-6. 

SCOPE  OP  INVESTIGATIONS. 

These  investigations  are  not  complete  nor  do  they  include  all  the 
river  systems  or  parts  thereof  that  might  purposefully  be  studied. 
The  scope  of  the  work  is  limited  to  that  which  can  be  provided  with 
the  appropriations  available.  The  field  covered  and  the  character 
of  the  work  are  believed  to  be  the  best  that  could  be  accomplished 
under  the  controlling  conditions.  It  would  undoubtedly  be  of  more 
scientific  importance  and  ultimately  of  more  practical  value  if  the 
money  now  applied  to  wide  areas  were  concentrated  on  a  few  smaU 
basins.  Such  a  course  is  impossible  because  general  appropriations 
made  by  Congress  are  applicable  to  all  parts  of  the  country.  Each 
part  demands  its  proportionate  share  of  the  benefits. 

It  is  essential  that  records  of  stream  flow  shall  be  maintained  dur- 
ing a  period  of  years  sufficient  to  cover  all  stages,  in  order  that  within 
reasonable  limits  the  entire  range  of  flow  from  the  absolute  maximum 
to  the  absolute  minimum  may  be  determined.  The  length  of  such  a 
period  manifestly  varies  for  different  streams  and  can  not  be  abso- 
lutely determined.  Experience  has  shown  that  the  records,  should 
cover  from  five  to  ten  years,  or  for  some  streams  twenty  years  or 
more,  the  limit  being  determined  by  the  relative  importance  of  the 
stream  and  the  interdependence  of  the  results  and  other  long-time 
records  on  adjacent  streams. 

In  the  performance  of  this  work  the  Geological  Survey  endeavors 
to  approach  as  nearly  as  possible  the  highest  d^ree  of  precision 
which  a  rational  expenditure  of  time  and  a  judicious  expenditure  of 
a  small  amount  of  money  will  allow.  In  all  engineering  work  there 
is  a  point  of  refinement  beyond  which  it  is  needless  and  wasteful  to 
proceed,  and  this  principle  applies  with  especial  force  to  stream-flow 
measurements.  It  is  confidently  believed  that  with  some  imavoid- 
able  exceptions  the  stream-flow  data  presented  in  the  publications  of 
the  Survey  are  suflSciently  accurate  for  all  practical  purposes.  Many 
of  the  records  are,  however,  of  insuflBcient  length,  owing  to  the  unfore- 
seen reduction  of  appropriations  and  consequent  abandonment  of 
many  stations.  All  persons  are  cautioned  to  exercise  the  greatest 
care  in  the  utilization  of  such  incomplete  records. 

Records  of  varying  lengths  have  been  obtained  at  about  1,400  dif- 
ferent points  in  the  United  States,  and  in  addition  the  surface  water 
supply  of  small  areas  in  Seward  Peninsula  and  the  Yukon-Tanana 
region,  Alaska,  has  been  investigated.  During  1907  and  1908  regular 
gaging  stations  were  maintained  by  the  Survey  and  cooperating 
organizations  at  about  740  points  in  the  United  States,  and  in  addi- 
tion numerous  miscellaneous  measurements  were  made.  Data  were 
also  obtained  in  regard  to  precipitation,  evaporation,  storage  reser- 
voirs, river  profiles,  and  water  power  in  many  sections  of  the  country. 
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These  data  will  be  made  available  in  the  regular  surface  water-supply 
papers  and  in  special  papers  from  time  to  time. 

PURPOSES  OP  THE   WORK. 

Among  the  purposes  for  which  the  results  contained  in  this  volume 
are  requisite  are  navigation,  irrigation,  domestic  water  supply,  water 
power,  swamp  and  overflow  land  drainage,  and  flood  prevention. 
The  demands  of  all  these  interests  are  immediate. 

Navigation. — ^The  Federal  Government  has  expended  more  than 
$250,000,000  for  the  improvement  of  inland  navigation,  and  pros- 
pective expenditures  will  approximate  several  times  this  amount. 
It  is  obvious  that  the  determination  of  stream  flow  is  necessary  to 
the  intelligent  solution  of  the  many  problems  involved. 

Irrigaiion. — ^The  United  States  is  now  expending  $42,000,000  on 
federal  irrigation  systems,  and  this  amount  is  far  exceeded  by  the 
private  expenditures  of  this  nature  in  the  arid  West.  The  integrity 
of  any  irrigation  system  is  based  absolutely  on  the  amount  of  water 
available.  Therefore  investigations  of  stream  flow  in  that  portion 
of  the  country  are  of  first  importance  in  the  redemption  of  the  lands, 
as  well  as  constituting  an  insurance  of  federal  and  private  investments. 

Domestic  water  supply, — ^The  highest  use  of  water  is  that  of  domestic 
supply,  and  while  the  federal  interest  in  this  aspect  of  the  matter 
is  less  direct  than  in  the  aspects  already  named  this  use  of  water 
nevertheless  has  so  broad  a  significance  with  respect  to  the  general 
welfare  that  the  Federal  Government  is  ultimately  and  intimately 
concerned. 

Water  power. — ^The  time  is  rapidly  approaching  when  the  develop- 
ment of  the  water  power  of  the  country  will  be  an  economic  necessity. 
Our  ^tock  of  coal  is  being  rapidly  depleted  and  the  cost  of  steam 
power  is  increasing  accordingly.  Industry  Will  cease  its  growth  if 
cheap  power  is  not  available,  and  iQ  that  event  the  United  States  as  a 
nation  will  cease  to  progress.  Water  power  is  the  only  avenue  now 
open.  When  the  electric  transmission  of  power  was  accomplished,  the 
relation  of  our  water  powers  to  national  economy  changed  entirely. 
Previous  to  the  day  of  electric  transmission  the  importance  of  a  water 
power  was  largely  confined  to  the  locality  at  which  it  was  generated, 
but  it  has  now  become  a  public  utility  in  which  the  individual  citizen 
is  vitally  interested.  Inasmuch  as  the  amount  of  water  power  that 
may  be  made  available  is  dependent  on  the  flow  of  rivers,  the  investi- 
gation of  flow  becomes  a  prerequisite  in  the  judicious  management  of 
this  source  of  energy. 

Drainage  of  swamp  and  overflowed  lands. — ^More  than  70,000,000 
acres  of  the  richest  land  in  this  country  are  now  practically  worth- 
less, or  of  precarious  value,^  by  reason  of  overflow  and  swamp  condi- 
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tions.  When  this  land  is  drained  it  becomes'  exceedingly  productive 
and  its  value  increases  many  fold.  Such  reclamation  would  add  to 
the  national  assets  at  least  $700,000,000.  The  study  of  nm-oflF  is  the 
first  consideration  in  connection  with  drainage  projects.  If  by  the 
drainage  of  a  large  area  into  any  particular  channel  that  channel 
becomes  so  gorged  with  water  which  it  had  not  hitherto  been  called 
upon  to  convey  that  overflow  conditions  are  created  in  places  where 
previously  the  land  was  not  subject  to  inundation,  then  drainage 
results  merely  in  an  exchange  of  land  values.  This  is  not  the  purpose 
of  drainage  improvement. 

Flood  prevention. — The  damage  from  floods  in  the  United  States 
exceeds  $100,000,000  annually  and  in  the  year  1908  the  aggregate 
damage,  based  on  reliable  data,  approximated  $250,000,000.  Such 
an  annual  tax  on  the  property  of  great  regions  should  be  reduced  in 
the  orderly  progress  of  government.  It  goes  without  saying  that  any 
consideration  of  flood  prevention  must  be  based  on  a  thorough  knowl- 
edge of  stream  flow,  both  in  the  contributing  areas  which  furnish  the 
water  and  along  the  great  lowland  rivers. 

^    PUBLICATIONS. 


The  data  on  stream  flow  collected  by  the  United  States  Greological 
Survey  since  its  inception  have  appeared  in  the  annual  reports, 
bulletins,  and  water-supply  papers.  Owing  to  natural  processes  of 
evolution  and  to  changes  in  governmental  requirements,  the  character 
of  the  work  and  the  territory  covered  by  these  different  pubUcations 
has  varied  greatly.  For  the  purpose  of  uniformity  in  the  presenta- 
tion of  reports  a  general  plan  has  been  agreed  upon  by  the  United 
States  Reclamation  Service,  the  United  States  Forest  Service,  the 
United  States  Weather  Bureau,  and  the  United  States  Geological 
Survey,  according  to  which  the  area  of  the  United  States  has  been 
divided  into  twelve  parts,  whose  boundaries  coincide  with  certain 
natural  drainage  lines.  The  areas  so  described  are  indicated  by  the 
following  list  of  papers  on  surface  water  supply  for  1907  and  1908. 
The  dividing  line  between  the  North  Atlantic  and  South  Atlantic 
drainage  areas  lies  between  York  and  James  rivers. 

Papers  on  surface  water  supply  of  the  United  States ^  1907-8. 


Part. 

No. 

I 

241 

II 

242 

III 

243 

IV 

244 

V 

245 

Title. 


North  Atlantic  coast. 

South    Atlantic  coast   and   eastern 

Gulf  of  Mexico. 
Ohio  River  Basin.  i 

St.  Lawrence  River  Basin.  | 

Upper  Mississippi  River  and  Hudson 

Ba    ' 


Bay  basins. 


Part. 

No. 

VI 

240 

VII 

247 

VIII 

248 

IX 

249 

X 

250 

XI 

251 

XII 

252 

TlUe. 


Missouri  River  Basin. 

Lower  Mississippi  River  Basin. 

Western  Gulf  of  Mexico. 

Colorado  River  Basin. 

Great  Basin. 

California. 

North  Pacific  coast. 
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The  following  table  gives  the  character  of  data  regarding  stream 
flow  at  regular  stations  to  be  found  in  the  various  publications  of  the 
United  States  Greological  Survey  exclusive  of  all  special  papers. 
Numbers  of  reports  are  inclusive,  and  dates  also  are  inclusive  so  far  as 
the  data  are  available. 

Stream-flow  data  in  reports  of  the  United  States  Geological  Survey. 
[Ann.— Annual  Report;  B.— Bulletin;  W.  8.— Water-Supply  Paper.) 


Report. 


10th  Ann.,  pt  2. 
nth  Ann.,  pt.  2. 

12th  Ann.,  pt.  2. 

13th  Ann.,  pt.  3., 

14th  Ann.,  pt.  2. 


B.131 

16th  Ann.,pt.  2. 
B.140 


W.  8. 11 

18th  Ann.,pt.4. 

W.S.  16 


W.  8. 16 

19th  Ann.,  pt.  4. 
W.S.  27 


W.S,  28 

20th  Ann.,  pt  4. 
W.S.  35  to  39... 
2l8t  Ann.,  pt.  4., 
W.S.  47  to  62... 
22d  Ann.,pt.4.. 

W.S.  65, 66 

W.S.  75 

W.S.  82  to  85... 
W.  8.  97  to  100. . 
W.  8. 124  to  135. 
W.S.  165  to  178. 
W.S.  201  to  214. 
W.  S.  241  to  262. 


Character  of  data. 


Descriptive  Information  only. . 
Monthly  discharge 


Year. 


.do. 


Mean  discharge  in  aecond-feet 

Monthly  discharge  (long-time  records,  1871  to  1893) 

Descriptions,  measurements,  gage  heights,  and  ratings 

Descriptive  information  only 

Descriptions,  measurements,  gage  heights,  ratings,  and 
monthly  discharge  (also  many  data  covering  earlier  years). 

Gage  heights  (also  gage  heights  for  earlier  years) 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  similar  data  for  some  earlier  years). 

Descriptions,  measurements,  and  gage  heights,  eastern  United 
States,  eastern  Mississippi  River,  and  Missouri  Ulver  above 
Junction  with  Kansas. 

Descriptions,  measurements,  and  gage  heigh  t^i,  western  Missis- 
sippi River  below  Junction  of  Missouri  and  Platte,  and  west- 
em  United  States. 

Descriptions,  measurements,  ratings,  and  monthly  discharge 
(also  some  long-time  records). 

Measurements,  ratings,  and  gage  heights,  eastern  United  States. 
eastern  MisslssipprKiver.  and  Missouri  River. 

Measurements,  ratings,  and  gage  heights,  Arkansas  River  and 
western  United  States. 

Monthly  discharge  (also  for  many  earlier  years) 

Descriptions,  measurements,  gage  heights,  and  ratings. 

Monthly  discharge , 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Descriptions,  measurements,  gage  heights,  and  ratings 

Monthly  discharge 

Complete  data 


.do. 
.do. 


Complete  data,  except  descriptions. , 
Complete  data 


1884    to    Sept., 

1890. 
1884  to  June  30, 

1891. 
1884  to  Dec.  31, 

1892. 
1888  to  Dec.  31, 

1893. 
1892  and  1894. 


1895  and  1806. 
1897. 

1897. 

1897. 

1808. 

1896. 

1898.' 

1899. 

1899. 

1900. 

1900. 

1901. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907-8. 


NoTE.~No  data  regarding  stream  flow  are  given  in  the  15th  and  17th  annual  reports. 

The  records  at  most  of  the  stations  discussed  in  these  reports 
extend  over  a  series  of  years.  An  index  of  the  reports  containing 
records  prior  to  1904  has  been  published  in  Water-Supply  Paper  119. 
The  first  table  which  follows  gives,  by  years  and  drainage  basins,  the 
numbers  of  the  papers  on  surface  water  supply  published  from  1899 
to  1908.  Wherever  the  data  for  a  drainage  basin  appear  in  two 
papers  the  number  of  one  is  placed  in  parentheses  and  the  portion  of 
the  basin  covered  by  that  paper  is  indicated  in  the  second  table.  For 
example,  in  1904  the  data  for  Missouri  River  were  published  in  Water- 
Supply  Papers  130  and  131,  and  the  portion  of  the  records  contained 
in  Water-Supply  Paper  131,  as  indicated  by  the  second  table,  is  that 
relating  to  Platte  and  Kansas  Rivers. 
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Numbers  of  imtfr-iupply  papers  containing  retulu  of  stream  meaturemtfUs,  1S99-190S, 


IKM.a     IQOaft       1901.        1902.    !    1903. 


I 


Atlantic  coast  and  eastern 
Qulf  of  Mexico: 

New  England  riven 

Hudson  River  to  Dela- 
ware River,  inclusive. . 
Susquehanna  River  to 
York  River,  inclusive . 
James  River  to  Yadkin 

River,  inclusive 

Santee  River  to  Pearl 

River,  inclusive 

St.  Lawrence  River 

Hudson  Bay 

IlisBissippi  River: 


Ohio  River. 

Upper  Mississippi  River. 


Missouri  River. 


Lower  MissisBippi  River. 

Western  Gulf  of  Mexico 

Paciflccoastand  Great  Basin: 

Colorado  River 


Great  Basin 

South  Pacific  coast  to 
Klamath  River,  inclu- 
sive  

North  F^ific  coast 


35 

35 

35 

(35),  3d 

36 
36 


47 

47, (4S) 

48 

48 

48 
40 


36 
36 

(36),  37 

37 
37 

(37),  38 
38,(39) 

(38),  39 


49 

49,  (SO) 

50 
50 

50 
51 

51 
51 


65,75 

65,75 

65,75 

65,75 

65,75 
65.76 
66,75 

65,75 
65,75 

66,75 

66,75 

66,76 
66,75 

06,75 
66,75 


82 ; 

82| 
82 
(82),  83 

83 

(82),  83 
85 


84 

}(83),84 
84 


83 


97 

97 

97 

(W),« 

98 
97  I 
100 


124 

125 

U6 

126 

127 
129 
130 


128 

128, 

(130) 


98 
08,(99) 

-!{(}3^5 

132 


99 


100 
100 


{  (1.^5 


100 ; 

100  ' 


134 


1905.        1906. 


166 

166 

167 

167 

168 
170 
171 

160 
171 

172 

174 

175. 
(177) 

(1^5 


135  |<»7-)j 


;\ 


901 
902 
303 


204 
206 
207 

205 
307 

306 
210  "^ 

(2135 
212, 
(213) 


'} 


213 
214 


1007-«. 


241 

241 

241 

242 

242 
244 
245 

243 
245 

246 

243 
2» 

(^ 
250, 
(251) 

251 


a  Rating  tables  and  index  to  Water-Supply  Papers  35  39  contained  in  Water-Supply  Paper  39. 
b  Rating  tables  and  index  to  Water-Supply  Papers  47-52  and  data  on  precipitation,  wells,  and  irrigation 
In  California  and  Utah  contained  in  Water-Supply  Paper  52. 

Numbers  of  water-supply  papers  containing  data  covering  portions  of  drainage  basins. 


No. 


River  basin. 


Tributaries  included. 


48 
49 
50 

65 
82 

83 
97 
9S 
99 
128 
130 
131 
134 


177 

205 
213 

251 


James 

Mifflouri 

Colorado 

Sacramento 

Great  Basin 

Delaware 

Ohio 

Missouri 

Lower  Mississippi. 

[James 

[St.  Lawrence 

Lower  Miaslssippl. . 

James 

Lower  Mississippi. , 

Upper  Mississippi. 

I^wer  Mississippi. 

Upper  Mississippi. 

Missouri 

/Colorado 

\Great  Basin 

Lower  Mississippi, 
f  Colorado. 


Gallatin. 

Green,  Gunnison,  Grand  above  Junction  with  Gunnison. 

Except  Kings  and  Kern. 

Mohave. 

Wissahiokon  and  Schuylkill. 

Scioto. 

Loup  and  Platte  near  Columbus,  Nebr.     All  tributaries  below 

junctton  with  Platte. 
Yazoo. 

Lake  Ontario,  tributaries  to  St.  Lawrence  River  proper. 
Yazoo. 


Do. 

Tributaries  from  the  west. 

Yaioo. 

Tributaries  from  the  west. 

Platte,  Kansas. 

Data  near  Yuma,  Arii.,  repeated. 

Susan,  Owens,  Mohave. 

Yazoo. 

Below  Junction  with  Gila. 

\  Great  Basin Susan  repeated,  Owens,  Mohave. 

[North  Pacific  coast i  Rogue,  Umpqua,  Slletz. 

Ivower  Mississippi !  Yazoo,  noraochltto. 

fC^lorado l  Data  at  Hardy ville  repeated;  at  Yuma,  Salton 

\Oreat  Basin I  Owens,  Mohave. 

/Colorado 1  All  stations  In  Colorado  and  Great  Basin  drainages  lying  in 


\Great  Basin /    California  repeated. 
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The  order  of  treatment  of  stations  in  any  basin  in  these  papers  is 
downstream.  The  main  stem  of  any  river  is  determined  on  the 
basis  of  drainage  area,  local  changes  in  name  and  lake  surface  being 
disr^arded.  After  all  stations  from  the  source  to  the  mouth  of  the 
main  stem  of  the  river  have  been  given,  the  tributaries  are  taken  up 
in  regular  order  from  source  to  mouth.  The  tributaries  are  treated 
the  same  as  the  main  stream,  all  stations  in  each  tributary  basin 
being  given  before  taking  up  the  next  one  below. 

The  exceptions  to  this  rule  occur  in  the  records  for  Mississippi 
River,  which  are  given  in  four  parts,  as  indicated  above,  and  in  the 
records  for  large  lakes,  where  it  is  often  clearer  to  take  up  the  streams 
in  regular  order  aroimd  the  rim  of  the  lake  than  to  cross  back  and 
forth  over  the  lake  surface. 

DEFINITION   OF   TERMS. 

The  volume  of  water  flowing  in  a  stream — the  ** run-off"  or  ''dis- 
charge"— is  expressed  in  various  terms,  each  of  which  has  become 
associated  with  a  certain  class  of  work.  These  terms  may  be  divided 
into  two  groups:  (1)  Those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner's  inches,  and  run-off  in  second-feet 
per  square  mile,  and  (2)  those  which  represent  the  actual  quantity 
of  water,  as  run-off  in  (depth  in  inches  and  acre-feet.  They  may  be 
defined  as  follows: 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second  and  is 
the  rate  of  discharge  of  water  flowing  in  a  stream  1  foot  wide,  1  foot 
deep,  at  a  rate  of  1  foot  per  second.  It  is  generally  used  as  a  funda- 
mental unit  from  which  others  are  computed  by  the  use  of  the  factors 
given  in  the  following  table  of  equivalents. 

"Qallons  per  minute"  is  generally  used  in  connection  with  pumping 
and  dty  water  supply. 

The  "miner's  inch"  is  the  rate  of  discharge  of  water  that  passes 
through  an  orifice  1  inch  square  imder  a  head  which  varies  locally. 
It  is  commonly  used  by  miners  and  irrigators  throughout  the  West 
and  is  defined  by  statute  in  each  State  in  which  it  is  used. 

"Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  s([uare  mile  of  area  drained, 
on  the  assumption  that  the  run-off  is  distributed  uniformly  both  as 
regards  time  and  area. 

"  Rim-off  in  inches  "  is  the  depth  to  which  the  drainage  area  would 
be  covered  if  all  the  water  flowing  from  it  in  a  given  period  were 
conserved  and  ULniformly  distributed  on  the  surface.  It  is  used  for 
comparing  run-off  with  rainfall,  which  is  usually  expressed  in  depth 
in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly 
used  in  connection  with  storage  for  irrigation  work. 
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CONVENIENT   EQUIVALENTS. 

The  following  is  a  list  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  second-foot  equals  40  California  miner^s  inches  (law  of  March  23, 1901). 
1  second-foot  equals  38.4  Colorado  miner's  inches. 
1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gaUons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 
1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  or  13.572  inches  deep. 
1  second-foot  for  one  year  equals  31,536,000  cubic  feet. 
1  second-foot  equals  about  1  acre-inch  per  hour. 
1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 
1  second-foot  for  one  28-day  month  covers  1  square  mile  1.041  inches  deep. 
1  second-foot  for  one  29-day  month  covers  1  square  mile  1.079  inches  deep. 
1  second-foot  for  one  30-day  month  covers  1  square  mile  1.116  inches  deep. 
1  second-foot  for  one  31-day  month  covers  1  square  mile  1.153  inches  deep. 
1  second-foot  for  one  day  equals  1.983  acre-feet. 
1  second-foot  for  one  28-day  month  equals  55.54  acre-feet. 
1  second-foot  for  one  29-day  month  equals  57.52  acre-feet. 
1  second-foot  for  one  30-day  month  equals  59.50  acre-feet. 
1  second-foot  for  one  31-day  month  equals  61.49  acre-feet. 
100  California  miner's  inches  equal  18.7  United  States  gallons  per  second. 
100  California  miner's  inches  equal  96.0  Colorado  miner's  inches. 
100  California  miner's  inches  for  one  day  equal  4.96  acre-feet. 
100  Colorado  miner's  inches  equal  2.60  second-feet. 
100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 
100  Colorado  miner's  inches  equal  104  California  miner's  inches. 
100  Colorado  miner's  inches  for  one  day  equal  5.17  acre-feet. 
100  United  States  gallons  per  minute  equal  0.223  second-foot. 
100  United  States  gallons  per  minute  for  one  day  equal  0.442  acre-foot. 
1,000,000  United  States  gallons  per  day  equal  1.55  second-feet. 
1,000,000  United  States  gallons  equal  3.07  acre-feet. 
1,000,000  cubic  feet  equal  22.95  acre-feet. 
1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  foot. 
1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 
1  foot  equals  0.3048  meter. 
1  mile  equals  1.60935  kilometers. 
1  mile  equals  5,280  feet. 
1  acre  equals  0.4047  hectare. 
1  acre  equals  43,560  square  feet. 
1  acre  equals  209  feet.Hquarc,  nearly. 
1  square  mile  equals  2.59  square  kilometers. 
1  cubic  foot  equals  0.0283  cubic  meter. 
1  cubic  foot  equals  7.48  gallons. 
1  cubic  foot  of  water  weighs  62.5  pounds. 
1  cubic  meter  per  minute  equals  0.5886  set'ond-foot. 
1  horsepower  equals  550  foot-pounds  jkt  second. 
1  horsepower  equals  76.0  kilogram- meters  per  second. 
I  horsepower  equals  746  watts, 
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1  horsepower  equals  1  second-foot  falling  8.80  feet. 
1^  horsepower  equal  about  I  kilowatt. 

To  calculate  water  power  quickly: ' — - — ^i =net  horsepower  on  water 

wheel  realizing  80  per  cent  of  theoretical  power. 

EXPLANATION   OF  TABLES. 

For  each  drainage  basin  there  is  given  a  brief  description  of 
general  conditions  covering  such  features  as  area,  source,  tributaries, 
topography,  geology,  conditions  of  forestation,  rainfall,  ice  conditions, 
irrigation,  storage,  power  possibiUties,  and  other  special  features  of 
importance  or  interest. 

For  each  regular  current-meter  gaging  station  are  given  in  general, 
and  so  far  as  available,  the  following  data:  Description  of  station, 
list  of  discharge  measurements,  table  of  daily  gage  heights,  rating 
table,  table  of  monthly  and  yearly  discharges  and  run-off.  For 
stations  located  at  weirs  or  dams  the  gage-height  and  rating  tables 
are  omitted  and  a  table  of  daily  discharges  is  substituted.  For 
stations  where  the  flow  is  computed  by  shifting-channel  methods,  a 
table  of  daily  discharges  is  given  in  place  of  rating  tables,  which  are 
not  used  in  these  methods  of  computation. 

In  addition  to  statements  regarding  the  location  and  installation 
of  current-meter  stations,  the  descriptions  give  information  in  regard 
to  any  conditions  which  may  affect  the  constancy  of  the  relation  of 
gage  height  to  discharge,  covering  such  points  as  ice,  logging,  shifting 
conditions  of  flow,  and  backwater;  also  full  information  regarding 
diversions  which  decrease  the  total  flow  at  the  measuring  section. 
Statements  are  also  made  regarding  the  accuracy  and  rehability  of 
the  data. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year,  including  the  date,  name  of 
hydrographer,  width  and  area  of  cross  section,  gage  height,  and 
discharge  in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fluctuations  of 
the  surface  of  the  river  as  found  from  the  mean  of  the  gage  readings 
taken  each  day.  At  most  stations  the  gage  is  read  in-  the  morning 
and  in  the  evening.  The  gage  height  given  in  the  table  represents 
the  elevation  of  the  surface  of  the  water  above  the  zero  of  the  gage. 
All  gage  heights  during  ice  conditions,  backwater  from  obstructions, 
etc.,  are  published  as  recorded,  with  suitable  footnotes.  The  rating 
is  not  applicable  for  such  periods  unless  the  proper  correction  to 
the  gage  heights  is  known  and  applied.  Attention  is  called  to  the 
fact  that  the  zero  of  the  gage  is  placed  at  an  arbitrary  datum  and  has 
no  relation  to  zero  flow  or  the  bottom  of  the  river.  In  general,  the 
zero  is  located  somewhat  below  the  lowest  known  flow,  so  that 
n^ative  readings  shall  not  occur. 
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The  discharge  measurements  and  gage  heights  are  the  base  data 
from  which  the  rating  tables  and  monthly-discharge  tables  are 
computed. 

The  rating  table  giyes,  either  directly  or  by  interpolation,  the 
discharge  in  second-feet  corresponding  to  eveiy  stage  of  the  river 
recorded  during  the  period  for  which  it  is  applicable.  It  is  published 
to  enable  engineers  to  determine  the  daily  discharge  by  its  appli- 
cation to  the  table  of  gage  heights  or  to  check  results  in  the  tMe 
of  monthly  discharge. 

In  the  table  of  monthly  discharge  the  column  headed  ''Maximum" 
gives  the  mean  flow,  as  determined  from  the  rating  table,  for  the  day 
when  the  mean  gage  height  was  highest.  As  the  gage  height  is  the 
mean  for  the  day,  it  does  not  indicate  correctly  the  period  when  the 
water  surface  was  at  crest  height  and  the  corresponding  dischai^ 
consequently  larger  than  given  in  this  column.  Likewise,  in  the 
column  of  ''Minimum"  the  quantity  given  is  the  mean  flow  for  the 
day  when  the  mean  gage  height  was  lowest.  The  column  headed 
"Mean"  is  the  average  flow  in  cubic  feet  for  each  second  during  the 
month.  On  this  the  computations  for  the  remaining  columns,  which 
are  defined  on  page  13,  are  based. 

FIELD  METHODS  OF  MEASUBINO   STREAM   FLOW. 

There  are  three  distinct  methods  of  determining  the  flow  of  open- 
channel  streams:  (1)  By  measurements  of  slope  and  cross  section 
and  the  use  of  Chezy's  and  Kutter's  formulas;  (2)  by  means  of  a 
weir  or  dam;  (3)  by  measurements  of  the  velocity  of  the  current  and 
of  the  area  of  the  cross  section.  The  method  chosen  depends  on  the 
local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds 
available,  and  the  length  of  time  that  the  record  is  to  be  continued. 

Slope  method. — ^Much  information  has  been  collected  relative  to  the 
coefficients  to  be  used  in  the  Chezy  formula,  v=cVR8.  This  has 
been  utilized  by  Kutter,  both  in  developing  his  formula  for  c  and  in 
determining  the  values  of  the  coefficient  n  which  appears  therein. 
The  results  obtained  by  the  slope  method  are  in  general  only  roughly 
approximate,  owing  to  the  difficulty  in  obtaining  accurate  data  and 
the  uncertainty  of  the  value  for  n  to  be  used  in  Kutter's  formula. 
The  most  common  use  of  this  method  is  in  estimating  the  flood  dis- 
charge of  a  stream  when  the  only  data  available  are  the  cross  section, 
the  slope  as  shown  by  marks  along  the  bank,  and  a  knowledge  of  the 
general  conditions.  It  is  seldom  used  by  the  United  States  Geo- 
logical Survey.  For  full  information  regarding  this  method  the 
reader  is  referred  to  the  various  text-books  on  hydraufics. 

Weir  method. — Relatively  few  stations  are  maintained  at  weirs  or 
dams  by  the  United  States  Geological  Survey.     Standard  types  of 
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sharp-crested  and  broad-crested  weirs  within  the  limits  for  which 
accurate  cofficients  have  been  experimentally  obtained  give  very 
accurate  records  of  dischaige  if  properly  maintained.  At  practically 
all  broad-crested  weirs,  however,  there  is  a  diversion  of  water  either 
through  or  around  the  dam,  usually  for  the  purpose  of  development 
of  water  power.  The  flow  is  often  complicated  and  the  records  are 
subject  to  errors  from  such  sources  as  leakage  through  the  dam, 
backwater  at  high  stages,  imcertainty  regarding  coeflicient,  crest 
which  is  not  level,  obstructions  from  logs  or  ice,  use  of  flashboards, 
old  turbines  with  imperfect  ratings,  and  many  others  depending  on 
the  type  of  development  and  the  uses  of  the  diverted  water. 

In  general,  records  of  discharge  at  dams  are  usually  accurate  enough 
for  practical  use  if  no  others  are  available.  It  has  been  the  general 
experience  of  the  United  States  Greological  Survey,  however,  that 
records  at  current-meter  gaging  stations  imder  unobstructed-channel 
conditions  are  more  accurate  than  those  collected  at  dams,  and  where 
the  conditions  are  reasonably  favorable  are  practically  as  good  as 
those  obtained  at  sharp-crested  weirs. 

The  determination  of  discharge  over  the  different  types  of  weirs 
and  dams  is  treated  fully  in  **Weir  experiments,  coeflBcients,  and 
formulas"  (Water-Supply  Paper  200®)  and  in  the  various  text- 
books on  hydraulics.  '* Turbine  water-wheel  tests  and  power  tables'* 
(Water-Supply  Paper  180)  treats  of  the  discharge  through  turbines 
when  used  as  meters.  The  editions  of  both  of  these  water-supply 
pa}>ers  are  practically  exhausted.  They  can,  however,  be  consulted 
at  most  of  the  larger  libraries  of  the  coimtry  or  they  can  be  obtained 
from  the  Superintendent  of  Documents,  Washington,  D.  C,  at  a  cost 
of  20  cents  for  No.  180  and  35  cents  for  No.  200.  Remittances  must 
be  made  by  postal  money  order,  express  order,  or  New  York  draft. 

Velocity  method. — Streams  in  general  present  throughout  their 
courses  to  a  greater  or  less  extent  all  conditions  of  permanent,  semi- 
permanent, and  varying  conditions  of  flow.  In  accordance  with  the 
location  of  the  measuring  section  with  respect  to  these  physical 
conditions,  ciurent-meter  gaging  stations  may  in  general  be  divided 
into  four  classes — (1)    those  with  permanent   conditions  of  flow; 

(2)  those  with  beds  which  change  only  during  extreme  high  water; 

(3)  those  with  beds  which  change  frequently  but  which  do  not  cause 
a  variation  of  more  than  about  5  per  cent  of  the  discharge  curves 
from  year  to  year;  and  (4)  those  with  constantly  sliifting  beds.  In 
determining  the  daily  flow  different  oflBce  methods  are  necessary 
for  each  class.  The  field  data  on  which  the  determinations  are  based 
and  the  methods  of  collecting  them  are,  however,  in  general  the 
^me. 

a  Water-Supply  Paper  200  is  a  revision  of  No.  150,  the  edition  of  which  is  exhausted. 
16264— IRR  241—10 2 
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Great  care  is  taken  in  the  selection  and  equipment  of  gaging 
stations  for  determining  dischaige  by  velocity  measurements,  in 
order  that  the  data  may  have  the  required  degree  of  accuracy. 
They  are  located,  as  far  as  possible,  at  such  points  that  the  relation 
between  gage  height  and  dischaige  will  always  remain  constant 
for  any  given  stage.  The  experience  of  engineers  of  the  Greol(^cal 
Survey  has  been  that  permanency  of  conditions  of  flow  is  the  prime 
requisite  of  any  current-meter  gaging  station  when  maintained  for 
several  years  unless  funds  are  available  to  cover  all  changes  in  condi- 
tions of  flow.  A  straight,  smooth  section,  without  cross  currents, 
backwater,  boils,  etc.,  at  any  stage  is  highly  desirable,  but  on  most 
streams  is  not  attainable  except  at  the  expense  of  a  cable  equip- 
ment. Rough,  permanent  sections,  if  measurements  are  prop- 
erly made  by  experienced  engineers,  taking  measuring  points  at 
a  distance  apart  of  2  to  5  per  cent  or  less  of  the  total  width,  will 
within  reasonable  limits  yield  better  results  for  a  given  outlay 
of  money  than  semipermanent  or  shifting  sections  with  smooth, 
uniform  current.  So  far  as  possible,  stations  are  located  where  the 
banks  are  high  and  not  subject  to  overflow  at  high  stages  and  out 
of  the  influence  of  tributary  streams,  dams,  or  other  artificial  ob- 
structions which  might  affect  the  relation  between  gage  height  and 
discharge, 

A  gaging  station  consists  essentially  of  a  gage  for  determining 
the  daily  fluctuations  of  stage  of  the  river  and  some  structure  or 
apparatus  from  which  discharge  measurements  are  made,  usually 
a  bridge  or  cable. 

The  two  factors  required  to  determine  the  discharge  of  a  stream 
past  a  section  perpendicular  to  the  mean  direction  of  the  current 
are  the  area  of  the  cross  section  and  the  mean  velocity  of  flow  normal 
to  that  section. 

In  making  a  measurement  with  a  current  meter,  a  nimiber  of 
points,  called  measuring  points,  are  measured  off  above  and  in  the 
plane  of  the  measuring  section  at  which  observations  of  depth  and 
velocity  are  taken.  (See  PL  I,  B.)  These  points  are  spaced  equaUy 
for  those  parts  of  the  section  where  the  flow  is  imiform  and  smooth, 
and  are  spaced  unequally  for  other  parts,  according  to  the  discretion 
and  judgment  of  the  engineer.  In  general,  the  points  should  not 
be  spaced  farther  apart  than  5  per  cent  of  the  distance  between 
piers,  nor  farther  apart  than  the  approximate  mean  depth  of  the 
section  at  the  time  of  measurement. 

The  measuring  points  divide  the  total  cross  section  into  elementary 
strips,  \at  each  end  of  which  observations  of  depth  and  velocity 
are  made.  The  discharge  of  any  elementary  strip  is  the  product 
of  the  average  of  the  depths  at  the  two  ends  times  the  width  of  the 
strip  tim^s  the  average  of  the  mean  velocities  at  the  two  ends  of  the 
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A      CURRENT-METER  RATING  STATION  AT  LOS  ANGELES.  CAL. 


B.     BRIDGE  STATION  AND  CROSS  SECTION  OF  STREAM. 
Illustrating  0.2  and  0.8  depth   method. 
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strip.  The  sum  of  the  discharges  of  the  elementary  strips  is  the  total 
discharge  of  the  stream.  (For  a  discussion  of  methods  of  computing 
the  discharge  of  a  stream  see  Engineering  News,  June  25, 1908.) 

Depths  for  the  determination  of  the  area  are  usually  obtained 
by  sounding  with  the  current  meter  and  cable.  In  rough  sections 
or  swift  current  an  ordinary  weight  and  cable  are  used,  particular 
care  being  taken  that  all  observations  shall  be  in  the  plane  of  the  cross 
section. 

Two  methods  of  determining  the  velocity  of  flow  of  a  stream  are 
in  general  use — the  float  method  and  the  current-meter  method. 

The  float  method,  with  its  various  modifications  of  siuface,  sub- 
surface, and  tube  or  rod  floats,  is  now  considered  obsolete  in  the  or- 
dinary practice  of  the  United  States  Geological  Survey.  The  use 
of  this  method  is  limited  to  special  conditions  where  it  is  impracticable 
to  use  the  current  meter,  such  as  in  pla<^  where  lai^e  quantities  of 
ice  or  debris  which  may  damage  the  meter  are  flowing  with  the  cur- 
rent, and  for  miscellaneous  measm^ements  or  other  work  where  a 
high  degree  of  accuracy  is  not  necessary.  Tube  floats  are  very  satis* 
factory  for  use  in  canals  with  regular  bottoms  and  even  flow  of  cur^ 
rent.  Measurements  by  the  float  method  are  made  as  follows: 
The  velocity  of  flow  of  the  stream  is  obtained  by  observing  the  time 
which  it  tfi^es  floats  set  free  at  different  points  across  the  stream 
to  pass  between  two  range  lines  about  200  feet  apart.  The  area 
used  is  the  mean  value  obtained  from  several  cross  sections  measured 
between  the  two  range  lines.  The  chief  disadvantages  of  this  method 
are  difficulty  in  obtaining  the  correct  value  of  mean  area  for  the 
course  used  and  uncertainty  regarding  the  proper  coefficient  to 
apply  to  the  observed  velocity.  (For  fm-ther  information  regarding 
this  method  the  reader  is  referred  to  Water-Supply  Paper  95  and  to 
the  various  text-books  covering  the  general  subject  of  stream  flow.) 

The  Price  current  meter  is  now  used  almost  to  the  exclusion  of 
other  types  of  meters  by  the  United  States  Geological  Survey  in  the 
determination  of  the  velocity  of  flow  of  water  in  open  channels,  a 
use  for  which  it  is  adapted  under  practically  all  conditions.  Plate 
II  shows  in  the  center  the  new  type  of  penta-recording  current  meter 
equipped  for  measurements  at  bridge  and  cable  stations.  On  the 
sides  the  same  type  of  meter  is  shown  equipped  for  wading  measure- 
ments, to  recqrd  by  the  acoustic  method  on  the  left  and  by  the  electric 
method  on  the  right.  Briefly,  the  meter  consists  of  six  cups  attached 
to  a  vertical  shaft  which  revolves  on  a  conical  hardened-steel  point 
when  immersed  in  moving  water.  The  number  of  revolutions  ia 
indicated  electrically.  The  rating  or  relation  between  the  velocity 
of  the  moving  water  and  the  revolutions  of  the  wheel  is  determined 
for  each  meter  by  drawing  it  through  still  water  for  a  given  distance 
at  different  speeds  and  noting  the  number  of  revolutions  for  qach  run^ 
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(See  PI.  I,  A.)  From  these  data  a  rating  table  is  prepared  which 
gives  the  velocity  per  second  of  moving  water  for  any  nunber  of 
revolutions  in  a  given  time  interval.  The  ratio  of  revolutions  per 
8e<?ond  to  velocity  of  flow  in  feet  per  second  is  very  nearly  a  constant 
for  all  speeds,  and  is  approximately  0.45. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters 
are  in  general  use — multiple-point,  single-point,  and  int^ration. 

The  two  principal  multiple-point  methods  in  general  use  are  die 
vertical  velocity  curve  and  0.2  and  0.8  depth. 

In  the  vertical  velocity  curve  method  a  series  of  velocity  determi- 
nations are  made  in  each  vertical  at  regular  intervals,  usually  about 
10  to  20  per  cent  of  the  depth  apart.  By  plotting  these  velocities  as 
abscissas  and  their  depths  as  ordinates  and  drawing  a  smooth  curve 
among  the  resulting  points,  the  vertical  velocity  curve  is  developed. 
This  curve  shows  graphically  the  magnitude  and  changes  in  velocity 
from  the  surface  to  the  bottom  of  the  stream.  The  mean  velocity 
in  the  vertical  is  then  obtained  by  dividing  the  area  bounded  by 
this  velocity  curve  and  its  axis  by  the  depth.  This  method  of  obtain- 
ing the  mean  velocity  in  the  vertical  is  probably  the  best  known, 
but  on  accoimt  of  the  length  of  time  required  to  make  a  complete 
measurement  its  use  is  largely  limited  to  the  determination  of  coef- 
ficients for  purposes  of  comparison  and  to  measiu^ments  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively 
at  0.2  and  0.8  depth,  and  the  mean  of  the  velocities  at  these  two  points 
is  taken  as  the  mean  velocity  for  that  vertical.  (See  PL  I,  B.)  On 
the  assumption  that  the  vertical  velocity  curve  is  a  common  parabola 
with  horizontal  axis,  the  mean  of  the  velocities  at  0.22  and  0.79  depth 
will  give  (closely)  the  mean  velocity  in  the  vertical.  Actual  observa- 
tions under  a  wide  range  of  conditions  show  that  this  multiple-point 
method  gives  the  mean  velocity  very  closely  for  open-water  condi- 
tions and  that  in  a  completed  measurement  it  seldom  varies  as  much 
as  1  i)er  cent  from  the  value  given  by  the  vertical  velocity  curve 
method.  Moreover,  the  indications  are  that  it  holds  nearly  as  well 
for  ice-covered  rivers.  It  is  very  extensively  used  in  the  r^ular 
practice  of  the  United  States  Geological  Siurey. 

The  single-point  method  consists  in  holding  the  meter  either  at 
the  depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth 
for  which  the  coefficient  for  reducing  to  mean  velocity  has  been 
determined  or  must  be  assumed. 

Extensive  experiments  by  means  of  vertical  velocity  curves  show 
that  the  thread  of  mean  velocity  generally  occurs  between  0.5  and 
0.7  total  depth.  In  general  practice  the  thread  of  mean  velocity  is 
considered  to  be  at  0.6  depth,  and  at  this  point  the  meter  is  held  in 
most  of  the  measurements  made  by  the  single-point  method.  A 
large  number  of  vertical  velocity  curve  measurements,  taken  on 
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the  tables  of  daily  gage  heights  to  obtain  the  daily  dischai^es,  and 
from  these  applications  the  tables  of  monthly  discharge  and  run-off 
are  computed. 

Rating  curves  are  drawn  and  studied  with  special  reference  to 
the  class  of  channel  conditions  which  they  represent.  (See  p.  17.) 
The  discharge  measurements  for  all  classes  of  stations  when  plotted 
with  gage  heights  in  feet  as  ordinates  and  discharges  in  second-feet 
as  abscissas  define  rating  curves  which  are  more  or  less  generally 
parabolic  in  form.  In  many  cases  curves  of  area  in  square  feet 
and  mean  velocity  in  feet  per  second  are  also  constructed  to  the 
same  scale  of  ordinates  as  the  discharge  curve.  These  are  used 
mainly  to  extend  the  discharge  curves  beyond  the  limits  of  the 
plotted  discharge  measurements,  and  for  checking  purposes  to  avoid 
errors  in  the  form  of  the  discharge  curve  and  to  determine  and  elimi- 
nate erroneous  measurements. 

For  every  published  rating  table  the  following  assimiptions  are 
made  for  the  period  of  application  of  the  table:  (a)  That  the  dis- 
charge is  a  function  of  and  increases  gradually  with  the  stage;  (6) 
that  the  discharge  is  the  same  whenever  the  stream  is  at  a  given 
stage,  and  hence  such  changes  in  conditions  of  flow  as  may  have  oc- 
curred during  the  period  of  application  are  eithei  compensating  or 
negligible,  except  that  the  rating  as  stated  in  the  footnote  of  each 
table  is  not  applicable  for  known  conditions  of  ice,  log  jams,  or  other 
similar  obstructions;  (c)  that  the  increased  and  decreased  discharge 
due  to  change  of  slope  on  rising  and  falling  stages  is  either  negligible 
or  compensating. 

As  already  stated,  the  gaging  stations  may  be  divided  into  several 
classes,  as  indicated  in  the  following  paragraphs: 

The  stations  of  class  1  represent  the  most  favorable  conditions  for 
an  accurate  rating  and  are  also  the  most  economical  to  maintain. 
(See  PI.  III.)  The  bed  of  the  stream  is  usually  composed  of  rock  and  is 
not  subject  to  the  deposit  of  sediment  and  loose  material.  This  class 
includes  also  many  stations  located  in  a  pool  below  which  is  a  perma- 
nent rocky  riffle  that  controls  the  flow  like  a  weir.  Provided  the  con- 
trol is  sufficiently  high  and  close  to  the  gage  to  prevent  cut  and  fill  at 
the  gaging  point  from  materially  affecting  the  slope  of  the  watersurface, 
the  gage  height  will  for  all  practical  purposes  be  a  true  index  of  the 
discharge.  Discharge  measurements  made  at  such  stations  usually 
plot  within  2  or  3  per  cent  of  the  mean  discharge  curve  and  the  rating 
developed  from  that  curve  represents  a  very  high  degree  of  accuracy. 

Class  2  is  confined  mainly  to  stations  on  rough  mountainous  streams 
with  steep  slope.  The  beds  of  such  streams  are  as  a  rule  compara- 
tively permanent  during  low  and  medium  stages,  and  when  the  flow 
is  sufficiently  well  defined  by  an  adequate  number  of  discharge 
measurements  before  and  after  each  flood  the  stations  of  this  class 
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give  nearly  as  good  results  as  those  of  class  1.  As  it  is  seldom  pos- 
sible to  make  measurements  covering  the  time  of  change  at  flood 
stage,  the  assumption  is  often  made  that  the  curves  before  and  after 
the  flood  converged  to  a  common  point  at  the  highest  gage  height 
recorded  during  the  flood.  Hence  the  only  uncertain  period  occurs 
during  the  few  days  of  highest  gage  heights  covering  the  period  of 
actual  change  in  conditions  of  flow.     (See  Water-Supply  Paper  246.) 

Class  3  includes  most  of  the  current-meter  gaging  stations  main- 
tained by  the  'United  States  Geological  Survey.  If  sufficient 
measurements  could  be  made  at  stations  of  this  class  results  would 
be  obtained  nearly  equaling  those  of  class  1,  but  owing  to  the  lim- 
ited fimds  at  the  disposal  of  the  Survey  this  is  manifestly  impos- 
sible,  nor  is  it  necessary  for  the  uses  to  which  discharge  data  are 
applied.  The  critical  points  are  as  a  rule  at  relatively  high  or  low 
stages.  The  percentage  error,  however,  is  greater  at  low  stages.  No 
absolute  rule  can  be  laid  down  for  stations  of  this  class.  Each  rating 
curve  must  be  constructed  mainly  on  the  basis  of  the  measurements 
of  the  current  year,  the  engineer  being  guided  largely  by  the  past 
history  of  the  station  and  the  following  general  law.  If  all  measure- 
ments ever  made  at  a  station  of  this  class  are  plotted  on  cross-section 
paper,  they  will  define  a  mean  curve  which  may  be  called  a  "  standard 
curve."  It  has  been  found  in  practice  that  if  after  a  change  caused  by 
high  stage  a  relatively  constant  condition  of  flow  occurs  at  medium 
and  low  stages,  all  measurements  made  after  the  change  will  plot  on  a 
smooth  curve  which  is  practically  parallel  to  the  standard  curve  with 
respect  to  their  ordinates,  or  gage  heights.  This  law  of  the  parallel- 
ism of  ratings  is  the  fundamental  basis  of  all  ratings  and  estimates 
at  stations  with  semipermanent  and  shifting  channels.  It  is  not 
absolutely  correct,  but,  with  few  exceptions,  answers  all  the  practical 
requirements  of  estimates  made  at  low  and  medium  stages  after  a 
change  at  a  high  stage.  This  law  appears  to  hold  equally  true 
whether  the  change  occurs  at  the  measuring  section  or  at  some  con- 
trolling point  below.  The  change  is,  of  course,  fundamentally  due  to 
change  in  the  channel  caused  by  cut  or  fill,  or  both,  at  and  near  the 
measuring  section.  For  all  except  small  streams  the  changes  in  sec- 
tion usually  occur  at  the  bottom.  The  following  simple  but  typical 
examples  illustrate  this  law: 

(a)  If  0.5  foot  of  planking  were  to  be  nailed  on  the  bottom  of  a 
well-rated  wooden  flume  of  rectangular  section  there  would  result, 
other  conditions  of  flow  being  equal,  new  curves  of  discharge,  area, 
and  velocity,  each  plotting  0.5  foot  above  the  original  curves  when 
referred  to  the  original  gage.  In  other  words,  this  condition  would 
be  analogous  to  a  uniform  fill  or  cut  in  a  river  channel  which  either 
reduces  or  increases  all  three  values  of  discharge,  area,  and  velocity 
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for  any  given  gage  height.  In  practice,  however,  such  ideal  conditions 
rarely  exist. 

(J)  In  the  case  of  a  cut  or  fill  at  the  measuring  section  there  is  a 
marked  tendency  toward  decrease  or  increase,  respectively,  of  the 
velocity.  In  other  words,  the  velocity  has  a  compensating  eflfect,  and 
if  the  compensation  is  exact  at  all  stages  the  discharge  at  a  given 
stage  will  be  the  same  imder  both  the  new  and  the  old  conditions. 

(c)  In  the  case  of  imiform  change  along  the  crest  of  a  weir  or 
rocky  controlling  point,  the  area  curve  will  remain  the  same  as 
before  the  change,  and  it.  can  be  shown  that  here  again  the  change 
in  velocity  curve  is  such  that  it  will  produce  a  new  discharge  curve 
essentially  parallel  to  the  original  discharge  curve  with  respect  to 
their  ordinates. 

Of  course  in  actual  practice  such  simple  changes  of  section  do  not 
occur.  The  changes  are  complicated  and  lack  imiformity,  a  cut  at 
one  place  being  largely  offset  by  a  fill  at  another,  and  vice  versa. 
If  these  changes  are  very  radical  and  involve  lai^e  percentages  of 
the  total  area — as,  for  example,  on  small  streams — there  may  result 
a  wide  departure  from  the  law  of  parallelism  of  ratings.  In  com- 
plicated changes  of  section  the  corresponding  changes  in  velocity 
which  tend  to  produce  a  new  parallel  discharge  curve  may  interfere 
with  each  other  materially,  causing  eddies,  boils,  backwater,  and 
radical  changes  in  slope.  In  such  extreme  conditions,  however,  the 
measuring  section  would  more  properly  fall  under  class  4  and  would 
require  very  frequent  measurements  of  discharge.  Special  stress  is 
laid  on  the  fact  that  in  the  lack  of  other  data  to  the  contrary  the 
utilization  of  this  law  will  yield  the  most  probable  results. 

Slight  changes  at  low  or  medium  stages  of  an  oscillating  character 
are  usually  averaged  by  a  mean  curve  drawn  among  them  parallel 
to  the  standard  curve,  and  if  the  individual  measurements  do  not 
vary  more  than  5  per  cent  from  the  rating  curve  the  results  are 
considered  good  for  stations  of  this  class.  For  illustrative  example 
of  a  station  of  this  type,  see  Water-Supply  Paper  242. 

Class  4  comprises  stations  that  have  soft,  muddy,  or  sandy  beds. 
Good  results  can  be  obtained  from  such  sections  only  by  frequent 
discharge  measurements,  the  frequency  varying  from  a  measure- 
ment every  two  or  three  weeks  to  a  measurement  every  day,  accord- 
ing to  the  rate  of  diurnal  change  in  ocnditions  of  flow.  These 
measurements  are  plotted  and  a  mean  or  standard  curve  drawn 
among  them.  It  is  assumed  that  there  is  a  different  rating  curve 
for  every  day  of  the  year  and  that  tlxis  rating  is  parallel  to  the 
standard  curve  with  respect  to  their  ordinates.  On  the  day  of  a 
measurement  the  rating  curve  for  that  day  passes  through  that 
measurement.  For  days  between  successive  measurements  it  is 
assumed  that  the  rate  of  change  is  uniform,  and  hence  the  ratings 
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for  the  intervening  days  are  equally  spaced  between  the  ratings 
passing  through  the  two  measurements.  This  method  must  be 
modified  or  abandoned  altogether  imder  special  conditions.  Per- 
sonal judgment  and  a  knowledge  of  the  conditions  involved  can 
alone  dictate  the  course  to  pursue  in  such  cases.  For  illustrative 
example  of  a  station  of  this  type,  showing  the  Bolster  method  of 
determining  the  daily  discharge  graphically,  see  Water-Supply 
Papers  247  and  249. 

The  computations  have,  as  a  rule,  been  carried  to  three  significant 
figures.  Computation  machines,  Crelle's  tables,  and  the  20-inch 
slide  rule  have  been  generally  used.  All  computations  are  carefully 
checked. 

After  the  computations  have  been  completed  they  are  entered  in 
tables  and  carefully  studied  and  intercompared  to  eliminate  or 
accoimt  for  all  gross  errors  so  far  as  possible.  Missing  periods  are 
filled  in,  so  far  as  is  feasible,  by  means  of  comparison  with  adjacent 
streams.  The  attempt  is  made  to  complete  years  or  periods  of  dis- 
charge, thus  eliminating  fragmentary  and  disjointed  records.  Full 
notes  accompanying  such  estimates  follow  the  monthly  discharge 
tables. 

For  most  of  the  northern  stations  estimates  have  been  made  of 
the  monthly  discharge  during  frozen  periods.  These  are  based  on 
measurements  under  ice  conditions  wherever  available,  daily  records 
of  temperature  and  precipitation  obtained  from  the  United  States 
Weather  Bureau,  climate  and  crop  reports,  observers^  notes  of  con- 
ditions, and  a  careful  and  thorough  intercomparison  of  results  with 
adjacent  streams.  Although  every  care  possible  is  used  in  making 
these  estimates  they  are  often  very  rough,  the  data  for  some  of 
them  being  so  poor  that  the  estimates  are  Hable  to  as  much  as  25 
to  50  per  cent  error.  It  is  beUeved,  however,  that  estimates  of  this 
character  are  better  than  none  at  all,  and  serve  the  purpose  of  indi- 
cating in  a  relative  way  the  proportionate  amount  of  flow  during 
the  frozen  period.  These  estimates  are,  as  a  rule,  included  in  the 
annual  discharge.  The  large  error  of  the  individual  months  has  a 
relatively  small  effect  on  the  annual  total,  and  it  is  for  many  pur- 
poses desirable  to  have  the  yearly  discharge  computed,  even  though 
some  error  is  involved  in  doing  so. 

ACCUKACY    AND    RELIABILITY   OF   FIELD    DATA    AND    COMPARATIVE 

RESULTS. 

Practically  all  discharge  measurements  made  under  fair  condi- 
tions are  well  within  5  per  cent  of  the  true  discharge  at  the  time  of 
observation.  Inasmuch  as  the  errors  of  meter  measurements  are 
largely  compensating,  the  mean  rating  curve,  when  well  defined,  is 
much  more  accurate  than  the  individual  measurements.     Numerous 
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tests  and  experiments  have  been  made  to  te.st  the  accuracy  of  current- 
meter  work.  Tliese  show  that  it  compares  very  favorably  with  the 
results  from  standard  weirs,  and,  owing  to  simplicity  of  methods, 
usually  gives  results  that  are  much  more  reliable  than  those  from 
stations  at  dams,  where  uncertainty  regarding  the  coefficient  and 
complicated  conditions  of  flow  prevail. 

The  work  is,  of  course,  dependent  on  the  reliability  of  the  observers. 
With  relatively  few  exceptions,  the  observers  perform  their  work 
honestly.  Care  is  taken,  however,  to  watch  them  closely  and  to 
inquire  into  any  discrepancies.  It  is,  of  course,  obvious  that  one 
gage  reading  a  day  does  not  always  give  the  mean  height  for  that 
day.  As  an  almost  invariable  rule,  however,  errors  from  this  source 
are  compensating  and  virtually  negligible  in  a  period  of  one  month, 
although  a  single  day^s  reading  may,  when  taken  by  itself,  be  con- 
siderably in  error. 

In  order  to  give  engineers  and  others  information  regarding  the 
probable  accuracy  of  the  computed  results,  footnotes  are  added  to  the 
rating  tables  and  an  accuracy  column  is  inserted  in  the  monthly  dis- 
charge table.  In  the  rating  tables  "  well  defined ''  indicates  in  general 
that  the  rating  is  probably  accurate  within  5  per  cent;  ''fairly  well 
defined,''  within  10  per  cent;  "poorly  defined''  or  "approximate," 
within  15  to  25  per  cent.  These  notes  are  very  general  and  are  based 
on  the  plotting  of  the  individual  measurements  with  reference  to  the 
mean  rating  curve. 

The  accuracy  column  in  the  monthly-discharge  table  does  not  apply 
to  the  maximum  or  minimum  nor  to  any  individual  day,  but  to  the 
monthly  mean.  It  is  based  on  the  accuracy  of  the  rating,  the  prob- 
able reliability  of  the  observer,  and  knowledge  of  local  conditions.  In 
tliis  column,  A  indicates  that  the  mean  monthly  flow  is  probably 
accurate  within  5  per  cent;  B,  within  10  per  cent;  C,  within  15  per 
cent;  D,  \\4thin  25  per  cent.  Special  conditions  are  covered  by  foot- 
notes. 

USE   OF   THE    DATA. 

In  general  the  policy  is  followed  of  making  available  for  the  public 
the  base  data  whicli  are  collected  in  tlie  field  each  year  by  the  Survey 
engineers.  This  is  done  to  comply  with  the  law,  but  also  for  the 
express  purpose  of  giving  to  any  engineer  the  opportunity  of  examin- 
ing the  computed  results  and  of  changing  and  adjusting  them  as  may 
seem  best  to  him.  Although  it  is  believed  that  the  rating  tables  and 
computed  monthly  discharges  are  as  good  as  the  base  data  up  to  and 
including  the  current  year  ^\'ill  warrant,  it  should  always  be  borne  in 
mind  that  the  additional  data  collected  at  each  station  from  year  to 
year  nearly  always  throw  new  light  on  data  already  colle<;ted  and 
published,  and  hence  allow  more  or  less  improvement  in  the  compute 
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results  of  earlier  years.  It  is  therefore  expected  that  the  engineer 
who  makes  serious  use  of  the  data  given  in  these  papers  will  verify 
all  ratmgs  and  make  such  adjustments  in  earlier  years  as  may  seem 
necessary.  The  work  of  compiling,  studying,  revising,  and  republish- 
ing data  for  different  drainage  basins  for  five  or  ten  year  periods  or 
more  is  carried  on  by  the  United  States  Geological  Survey  so  far  as 
the  funds  for  such  work  are  available. 

The  values  in  the  table  of  monthly  discharge  are  so  arranged  as  to 
give  only  a  general  idea  of  the  conditions  of  flow  at  the  station,  and  it 
is  not  expected  that  they  will  be  used  for  other  than  preliminary 
estimates.  This  is  particularly  true  of  the  maximum  and  minimum 
figures,  which  in  the  very  nature  of  the  method  of  collecting  these 
data  are  liable  to  large  errors.  The  maximum  value  should  be 
increased  (Jonsiderably  for  many  stations  in  considering  designs  for 
spillways,  and  the  minimum  value  should  be  considered  for  a  group 
of,  say,  seven  days  and  not  for  one  day. 

The  rating  table,  provided  the  engineer  accepts  it,  is  published 
primarily  to  allow  him  to  apply  it  directly  to  the  daily  gage  heights 
and  rearrange  the  daily  discharges  in  order  of  magnitude  or  by  some 
other  method. 
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burg,  Pa.;  Maryland  State  Weather  Service,  W.  B.  Clark,  Johns 
Hopkins  Uniyersity,  director;  Wm.  C.  Whitner,  president,  and  Cecil 
L.  Reid,  resident  engineer,  Fredericksburg  Power  Company. 

DIVISION   OF   WORK. 

The  field  data  for  New  England  and  New  York  were  collected 
under  the  direction  of  H.  K.  Barrows,  district  engineer,  assisted  by 
F.  E.  Pressey  and  D.  M.  Wood,  assistant  engineers,  and  G.  M.  Brett, 
C.  R.  Adams,  A.  D.  Butterfield,  R.  A.  Mention,  and  H.  F.  French. 

Except  as  otherwise  stated  in  the  descriptions,  computations  of 
discharge  for  stations  located  at  dams,  and  ratings,  computations, 
and  special  studies,  prepared  in  advance  for  the  New  York  State 
Water  Supply  Commission,  and  some  few  other  stations  in  New 
England  and  New  York,  were  made  by  H.  K.  Barrows. 

All  other  ratings,  ice  estimates,  special  estimates,  studies  of  the 
completed  data  and  computations  for  New  England  and  New  York 
were  made  and  prepared  for  pubUcation  by  R.  H.  Bolster,  assistant 
engineer,  assisted  by  H.  D.  Padgett,  G.  C.  Stevens,  G.  L.  Parker,  and 
M.  I.  Walters. 

The  field  data  for  the  Middle  Atlantic  States  were  collected  imder 
the  direction  of  John  C.  Hoyt,  assistant  chief  hydrographer,  assisted 
by  A.  II.  Horton,  C.  C.  Covert,  R.  II.  Bolster,  and  Robert  Follansbee, 
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assistant  engineers,  and  F.  F.  Henshaw,  G.  C.  Stevens,  and  A.  T. 
Barrows,  junior  engineers. 

Ratings,  ice  and  special  estimates,  studies  of  the  completed  data, 
and  computations  for  the  Middle  Atlantic  States  were  made  and  pre- 
pared for  publication  by  R.  H.  Bolster,  assistant  engineer,  assisted 
by  H.  D.  Padgett,  G.  C.  Stevens,  and  M.  I.  Walters. 

The  manuscript  for  New  England  and  New  York  was  reviewed  by 
H^  K.  Barrows,  and  that  for  New  York  was  reviewed  also  by  C.  C. 
Covert.    The  complete  manuscript  was  edited  by  Mrs.  B.  D.  Wood. 

NORTH  ATLANTIC  COAST  DRAINAGE. 
8T.  JOHN  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

St.  John  River  drains  the  largest  basin  between  the  St.  Lawrence 
^iod  Susquehanna  rivers.  Its  extreme  headwaters  he  in  the  moun- 
tainous region  between  Maine  and  Canada,  adjacent  to  those  of  the 
I?enobscot.  From  the  jimction  of  the  northwest  and  southwest 
Inranches,  where  the  river  first  takes  its  name,  to  its  jimction  with 
St.  Francis  River,  a  distance  of  90  miles,  its  course  is  in  gen«ral 
northeastward  and  lies  wholly  in  Maine,  although  a  portion  of  the 
tributary  drainage  area  lies  wholly  in  Canada.  In  this  distance  it 
receives  Allegash  River,  its  second  largest  tributary.  From  its 
jimction  with  the  St.  Francis  the  St.  John  flows  eastward,  forming  the 
northern  boundary  of  Maine  for  70  miles  and  receiving  in  this  stretch 
two  important  tributaries-^-Fish  River,  from  the  south,  at  Fort 
Kent,  and  Madawaska  River,  from  the  north,  at  Madawaska.  At 
the  point  where  the  St.  John  leaves  the  state  line  its  drainage  area 
measures  8,765  square  miles,  of  which  4,670  square  miles  are  in 
Maine  and  4,095  square  miles  are  in  Canada.  Beyond  this  point  it 
flows  southward  and  receives  the  waters  of  Aroostook,  Presque  Isle, 
and  Meduxnekeag  rivers,  the  basins  of  which  are  almost  entirely  in 
Maine.  From  source  to  mouth  its  length  is  about  450  miles,  and  its 
total  drainage  area  measures  about  26,000  square  miles. 

In  the  eastern  or  lower  portion  of  the  basin  the  country  is  almost 
level  near  the  river,  but  at  a  distance  from  the  stream  it  becomes 
undulating  and  moderately  hilly,  finally  subsiding  and  merging  into 
the  flat  country  bordering  Aroostook  rivers.  Above  the  mouths 
of  St.  Francis  and  Allegash  rivers  the  aspect  of  the  basin  is  diversified 
by  highlands. 

The  basin  of  the  St.  John  is  higher  than  that  of  any  other  river  in 
the  State,  but  as  its  elevation  is  quite  uniform,  the  fall  of  the  stream 
and  the  possibilities  for  the  development  of  water  power  are  less 
than  on  the  other  great  rivers.  Allegash  River,  which  drains  about 
1,500  square  miles  of  entirely  wild  and  forest  country,  has  considerable 
fall  and  affords  excellent  storage  facilities,  all  unutilized. 
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The  area  as  a  whole  is  well  forested.  Large  tracts  have  never  be^ 
touched  by  the  ax,  and  other  portions  have  been  lumbered  for  pine 
only.  Probably  90  per  cent  of  the  whole  basin  tributary  to  the  St 
John  at  the  eastern  boundary  of  Maine  is  in  forest. 

The  prevailing  rocks  in  the  eastern  part  of  the  area  are  limestones 
and  slate,  with  patches  of  sandstone,  coarse  rock,  and  granite. 
Clays  and  slates  are  foimd  over  about  75  per  cent  of  the  total  area. 

According  to  Wells,**  the  ponds  and  lakes  in  the  St.  John  basin  have 
an  aggregate  area  of  314  square  miles,  the  largest  of  these  lakes  being 
tributary  to  Allegash  and  Fish  rivers.  On  some  of  the  lakes  rough 
timber  crib  dams  are  used  to  store  water  for  log  driving,  but  no 
attempt  is  made  to  store  water  after  the  driving  season  is  over. 
Previous  to  1845  a  canal  was  cut  from  Telos  Lake,  in  the  All^ash 
basin,  to  Webster  Lake,  in  the  Penobscot  basin,  and  a  dam  was 
constructed  between  Chamberlain  and  Eagle  lakes.  In  this  way 
Chamberlain  Lake,  with  its  drainage  area  of  270  square  miles,  was 
rendered  in  part  tributary  to  the  Penobscot.  This  diversion  con- 
tinues at  the  present,  time.  Its  general  effect  is  to  supply  most  of 
the  water  to  the  Penobscot  during  the  log-driving  season,  but  after 
the  gates  at  the  dams  are  opened  more  water  flows  toward  the  St. 
John,  as  the  gate  sills  are  about  2  feet  lower  than  those  at  Telos 
Lake. 

Precipitation  records  in  the  basin  of  the  St.  John  are  very  meager, 
but  from  the  best  information  available  it  seems  probable  that  the 
mean  annual  rainfall  is  not  over  30  to  35  inches. 

The  river  and  its  tributaries  are  completely  frozen  over  during 
the  winter  season,  which  usually  extends  from  the  1st  of  November 
until  after  the  middle  of  April,  and  provides  a  large  amoimt  of  snow 
storage. 

The  following  gaging  stations  have  been  maintained  in  this  basin: 

St.  John  at  Fort  Kent  (1905-1908). 
Fish  at  Wallagrass  (1903-1908). 
Aroostook  at  Fort  Fairfield  (1903-1908). 

The  records  available  for  these  stations,  although  not  complete, 
indicate  1905  as  the  year  of  minimum  flow  and  also  extreme  low 
water,  the  mean  annual  discharge  for  that  year  being  perhaps  one- 
half  as  great  as  in  1904. 

ST.    JOHN   RIVER   AT   FORT   KENT,    MB. 

This  station,  which  is  located  at  the  footbridge  that  crosses  the 
St.  John  near  Fort  Kent  post-office,  a  short  distance  above  the 
confluence  of  Fish  River  with  the  St.  John,  was  established  October 
13,  1905,  to  obtain  general  statistical  data  regarding  flow.  It  is 
about  15  miles  below  the  mouth  of  St.  Francis  River  and  about  50 


a  Wells,  Walter,  Water  powers  of  Maine,  1860. 
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miles  above  Grand  Falls,  an  important  undeveloped  power.  Numer- 
ous power  sites  exist  along  the  river.  The  datum  of  the  gage  has 
remained  .the  same  during  the  maintenance  of  the  station.  During 
the  vrinter  months  the  discharge  is  affected  by  ice.  The  discharge 
is  also  at  times  affected  by  log  jams  which  occasionally  form  in  the 
river  in  the  vicinity  of  the  station,  especially  on  the  bridge  piers. 

Conditions  for  obtaining  accurate  results  are  fair,  and  a  fairly  good 
rating  curve  has  been  developed, 

Ditcharge  TnecuntremenU  of  St.  John  River  at  Fort  Kentf  J/e.,  in  1907-1909. 


Date. 


1907. 
May  29a 

1906. 

Aprillft 

October9 

NoTember  29  c. 

1909. 

Mayl3«« 

June  24. , 


I 


Hydrographer. 


F.  E.  Preesey.. 


F.  E.  Pressey., 
do 

....do : 


F.  E.  Pressey.. 
do 


Width. 


Feet. 

696  I 


616 
547 
368 


.716 
654 


Area  of      Gage 
section,    height 


Sq.ft.    I 
6,750  I 


1,700 
1,250 

887 


11.800  I 
3,110  ' 


Fed. 
11.00 


7.03 
3.22 
3.16 


19.40 
6.38 


Dis- 


See.'ft. 
28,700 


3,860 
1,290 
1,270 


76,000 
9,660 


«  Logs  running 

b  Measurement  made  under  ice  cover.  Average  thickness  of  ice,  2.1  feet;  gage  height  to  top  of  ice,  7.18 
feet. 

c  Anchor  Ice  running;  measurement  not  materially  affected. 

d  Rough  gaging  based  on  current  meter  observations  In  right  span  and  surface  velocity  of  logs  in  left 
^dge  partially  wrecked  and  unsafe. 

Daily  gage  height,  in  feet,  of  St.  John  River  at  Fort  Kenty  2fe.y/or  1907-8. 
[Mrs.  M.  D.  Russell,  obcerver.] 


Day. 

Jan.  1  Feb. 

Mar.. 
3.9 

Apr. 

May. 

12.8 
15.3 
15.5 
15.2 
14.45 

13.7 
12.6 
12.3 
12.0 
12.0 

12.3 

12.25 

12.0 

11.7 

11.9 

13.2 
13.7 
15.5 
16.2 
16.7 

16.6 
15.8 
13.7 
12.8 
U.O 

10. 15 
10.3 
9.8 
U.O 
U.9 
11.6 

June. 



10.8 
10.25 

9.7 

9.0 

8.7 

8.3 
8.6 
9.3 
9.25 

8.85 

8.5.5 
8.05 
7.45 
7.05 
6.65 

6.4 
5.9 
5.8 
5.5 
5.65 

6.55 
7.35 

"'6.' 55' 
6.0 

6.0 

7.4 
10.0 
10.05 

8.8 

July. 

8.5 

8.55 

8.6 

8.6 

8.4 

7.45 

"6.45 
6.25 
6.45 

7.05 
6.85 
6.6 

■■7.'35 

7.05 

6.3 

6.95 

6.6 

5.3 

"6.65 
6.15 
6.25 
5.3 

6.95 

8.25 

8.5 

8.3 

7.85 

7.85 

Aug. 

7.8 
7.65 
7.6 

"7.' is" 

6.76 
6.3 
5.76 
5.55 
'5.5 

"5.'i* 

6.0 
4.95 
4.6 

4.5 
4.5 

"  '4."25' 
4.15 

4.1 

4.1 

4.0 

3.85 

3.8 

3.8 
3.7 
3.6 
3.6 
3.5 
3.5 

Sept. 

Oct. 

Nov. 

9.26 
8.36 

Dec. 

1907.^ 
I 

3.4 

3.36 

3.3 

3.35 

3.65 

4.2 
4.3 

"'4.05' 
3.9 

3.8 

3.85 

4.1 

4.55 

4.6 

4.5 
4.  .5.5 
4.95 
6.2 
6.05 

4.85 
4.6 
4.4 
4.4 
'  4.2 

4.2 
4.2 
4.1 
4.1 
4.1 

4.05 
4.0 
4.0 
4.0 
4.1 

"4."35 
4.65 
5.5 

7.8 

7.6 
7.2 
6.9 
6.8 
6.65 

6.3 
6.0 
6.65 
6.4 

4.95 

4.85 

4.65 

4.6 

4.45 

4.5 

"4.4' 

4.9 
10.  45 
10.4 

2 

6. 15 

3 

1 

4 





8.6 
10.0 

9.6 
9.45 
10.25 
11.45 

10.0 
9.25 
8.45 
7.85 

7.8 

7.2 

6.8 

6.65 

6.2 

6.05 

6.7 

6.36 

6.1 

5 

6.7 

0 

7      

8 

> 

3.9 

0      

:::::::r;::::' 

10 

4.86 

11 

1  . 

6.0 

5.9 

12 

7.85 

13 

8.9 

14 

7.2 

16 

' 

3.9 

6.35 
6.05 
5.5 
6.35 
5.15 

5.35 

5.45 

6.5 

6.75 

6.8 

6.5 
6.8.5 
8.95 
9.0 
11.7 

16       

, 1    4.1 

80 

17 

7.5 

18 

70 

19 

7.5 

20       

7.6 

21 

1 , 

7.0 

22 

1    4. 1 

4.1 

23 

24 

S    : 

1 

6.4 

5.5 

5.3 

5.26 

5.1 

5.1 

26 

1 

27 

28     

1 

2D 

4.1 

30        

31 

1 

a  See  footnote  at  end  of  table,  next  page. 
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Daily  gage  height^  in  feet ^  of  St.  John  River  at  Fort  Kent,  J/ie.,  in  lOOJS — Cont'd. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug.  1  Sept. 

Oct. 

Nov. 

Dec 

1906. 
1 

6.3 

7.03 

15.4 
1&45 

12.75 
13.0 
11.8 
ia65 
9.7 

&8 

'*7.'46 
7.3 
7.1 

6.8 
6.5 
6.1 
5.6 
&5 

6.15 

7.15 

8.3 

9.05 

9.15 

*'9.*2*' 
8.35 
7.9 
7.45 

6.56 
&65 

"5.45' 
5.35 

&45 

4.6 

4.76 

4.66 

4.56 

4.4 
4.4 

4.35 
4.25 
4.3 

4.65 

4.6 

4.65 

4.4 

4.3 

4.16 

4.1 

3.95 

"i*6** 

3.6 

8.6 

3.7 

3.66 

8.6 

'i*9  * 
3.8 
3.65 
a56 
3.45 

3.8 
3.3 
3.3 
3.2 
3.8 

3.4 
3.5 
a65 

3.5 

3.45 

3.4 

3.35 
3.1 

4.0 

2 

2.96 
2.9 
2.85 
2.8 

2.75 
2.7 

4.1 

3 

4.05 

4 

7.3 

17.45 

ia5 

16.0 
16.25 
ia35 
16.2 

5 

6 

6.2 

7 1 

a2 

3.06 
3.36 
3.3 
3.1 

3.05 

8.06 

8.0 

3.0 

3.0 

3.0 
3.0 

8 ' 

9     .                         I 

7.1 

2.6 
2.6 

2.65 
2.66 
2.6 
2.6 

10 ' 

8.75 

3.8 
3.7 
3.7 
3.8 
3.9 

u 1 

15.3 
15.1 
15.0 
15.3 
15.7 

15.35 

12 

6.1 

13 1 1    5.9 

14 1 

15 ' 

16 

7.6 

17 

6.45 
6.3 

4.05 

18 7.8 

15.2 
1&6 
1&4 

15.25 
13.95 
12.9 

4.1 



19 

6.5 

4.35 
6.3 

6.55 
6.15 

3.0 
3.0 

3.0 
3.0 
3.06 
3.1 

30 1 

21 7.5 

22 

6.8 

23 ' 

% 

24 

4.4 

4.35 

4.3 
4.0 
3.7 
3.55 

25 

6.8 

11.1 

10.4 
9.65 
10.65 
10.8 
10.25 

26 

6.5 

y%\" 

3.1 

3.1 

3.16 

3.16 

3.06 

3.0 

27 ' 

6.7 

3.0 
3.0 
3.06 
3.4 



28 

9.85 
11.4 
18.05 

29 

30 t 

31 , 

4  0 

1             1 

a  Gage  height  estimated  September  30,  1908,  on  the  basis  of  observer's  note  to  the  effect  that  the  water 
surface  was  0.6  foot  below Jhe  gage. 

Note.— River  frozen  January  1  to  April  15, 1907.  Discharge  also  probably  affected  by  ice  April  16  and  17. 
Discharge  probably  not  affected  bv  ice  December  1  to  14, 1907.  River  open  December  15  to  31, 1907,  except 
around  the  gage;  dfischarge  probably  affected  by  ice  conditions. 

River  open  except  at  the  gage  Janpary  1  to  14, 1908;  discharge  probably  affected  by  ice  conditions.  River 
frozen  over  January  15  to  April  28,  1908;  ice  running  April  29  and  30.  River  fibsen  over  December  4 
to  31 ,  1908.  Gage  heights  during  the  frozen  periods  read  to  water  surface  in  a  hole  cut  in  the  ice.  Disdiarge 
affected  by  log  jam  near  gage  May  14  to  25, 1908.  Water  below  gage  September  6  to  October  6,  Octobw  IS, 
October  25,  and  November  1  to  26,  1908.  Gage  heights  recorded  during  these  periods  were  estimated  by 
the  observer. 

Rating  table  for  St.  John  River  at  Fort  Kent,  Me.  y  for  2907-8, 


he'i^l 

Dis- 
charge. 

Feet. 
2.40 

^"•4 

2.50 

660 

2.60 

630 

2.70 

710 

2.80 

800 

2.90 

910 

aoo 

1,030 

3.10 

1,160 

3.20 

1,300 

3.30 

1,450 

a40 

1,600 

3.50 

1,760 

3.fi0 

1,930 

3.70 

2,110 

3.80 

2,300 

3.90 

2,500 

Gage 
height. 

Dis- 
charge. 

1 

1   Gage 
height. 

Feet. 

8ec.-£t. 
2,700 

Feet. 

4.00 

5.60 

4.10 

2,910 

6.70 

4.20 

3,130 

6.80 

4.30 

3,360 

6.90 

4.40 

3,680 

6.00 

4.50 

3,820 

6.20 

4.60 

4,060 

6.40 

4.70 

4,310 

6.60 

4.80 

4,570 

6.80 

4.90 

4,830 

7.00 

6.00 

5,100 

7.20 

5.10 

6,380 

7.40 

5.20 

6,670 

7.60 

5.30 

6,970 

7.80 

5.40 

6,270 

aoo 

.50 

6,580 

8.20 

Dis- 
charge. 


Sec.-ft. 
6,890 
7,210 
7,640 
7,880 
8,220 
8,920 
9,640 
10,370 
11,110 
11,870 
12,640 
13,420 
14,220 
15,030 
15,850 
16,690 


Gage 
height. 


Feet. 
&40 
&60 
&80 
9L00 

laoo 

11.00 
12L00 
13.00 
14.00 
15.00 
l&OO 
17.00 
l&OO 
19100 

2a  00 


Dis- 
charge. 


Sec-fl. 
17,530 
18,380 
19,240 
20,100 
24,550 
29,200 
34,000 
39,000 
44,180 
49,600 
56,000 
60,700 
66,600 
72,600 
78,700 


Note.— The  above  table  is  not  applicable  for  Ice  or  obstructed-channel  conditions.    It  is 
charge  mea9Ur9m^t8  m^cie  during  1905-1909  and  is  well  defined. 


based  008  dl9. 
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Monthly  discharge  of  St.  John  River  at  Fort  Kent,  Me.,  for  1907-8. 
[Drainage  area,  5,280  square  miles.] 


Month. 


January 

February.. 

March 

April 

py 

June 

July 

August 

September. 
October.... 
November., 
December.. 


1907. 


The  year. 


January 

February.. 

March 

April 

June 

July 

August 

September. 

October 

November. 
December.. 


1906. 


The  year. 


Discharge  in  second^feet 


ifft*^'"nTPT 


32,500 
59,000 
28,300 
18,400 
15,000 
5,670 
26,600 
31,300 
19,700 


59,000 


66,900 
63,300 
39,000 
6,420 
6,740 
1,760 
1,520 
1,600 


66,900 


Minimum. 


23,600 
6,580 
6,240 
1,760 
1,450 
2,700 
5,380 


23,000 

6,120 

1,680 

1,300 

500 


595 


Mean. 


1,000 

750 

750 

6,700 

39,800 

15,600 

11,900 

5,750 

3,210 

7,510 

14,500 

6,180 


9,470 


2,790 

1,410 

2,530 

7,760 

41,200 

16,100 

3,040 

2,600 

921 

1,050 

825 

1,200 


6,790 


Per 
square 
mile. 


a  189 
.142 
.142 
1.27 
7.54 
2.96 
2.25 
1.09 
.606 
1.42 
2.75 
1.17 


1.79 


Run-off 

(depth  in 

inches  on 

drainage 

area). 


0.22 

.15 

.16 

1.42 

8.60 

3.29 

2.59 

1.26 

.68 

1.64 

3.07 

1.35 


24.52 


.528 
2.67 
.479 
1.47 
7.80 
3.06 
.576 
.509 
.174 
.199 
.156 
.227 


1.29 


.61 
.29 
.55 
1.64 
8.99 
3.40 
.66 
.59 
.19 
.23 
.17 
.26 


17.58 


Accu- 
racy. 


Note.— Discharm  during  ice  conditions  1907-8  based  on  climatological  reports  of  the  United  States 
Weather  Bureau,  ue  discharge  from  other  drainages  in  northern  Maine,  and  one  measurement  made  under 
ice  conditions. 

Second- 
feet. 

Discharge,  April  1  to  17, 1907 3,030 

December  15  to  31, 1907 5,030 

April  1  to  28, 1908 4,820 

December  4  to  31, 1908 1,010 

Discharge  1907-8  interpolated  for  days  when  the  gage  was  not  read  except  that  during  the  periods  in  1908, 
when  the  water  surface  was  below  the  gage,  it  was  estimated  on  the  basis  of  general  run-on  conditions  in 
northern  Maine. 

Discliarge  affected  by  log  jams  May  14  to  25, 1908,  estimated  on  the  basis  of  the  discharge  of  Aroostook 
River  at  Fort  Fairfield. 

Second- 
feet. 

Discharge,  May  14  to  25, 1906 33,000 

September  6  to  29, 1908 808 

October  1  to  6, 1908 800 

October  18  and  25, 1908 950 

November  1, 1908 1,000 

November  15  to  26, 1908 800 

FISH   RIVER   AT    WALLAGRASS,  ME. 

Fish  River,  which  enters  the  St.  John  from  the  south  at  Fort  Kent, 
is  naturally  endowed  with  excellent  storage  facilities,  in  the  Eagle  and 
Portage  Lake  systems,  which  have  not  yet  been  utilized,  and  some 
good  power  sites  are  also  found  on  this  river.  The  low-water  flow  in 
unit  run-off  is  very  small  under  present  conditions,  but  with  a  proper 
utilization  of  storage  the  river  could  be  much  improved. 

16264-iBB  241—10 3 
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SUBPACE  WATEB  SUPPLY,  IQOl-^. 


The  gaging  station,  which  was  established  July  29,  1903,  to  obtain 
general  statistical  and  comparative  data  regarding  the  total  flow  of 
the  stream,  is  located  just  below  the  outlet  of  WaUagrass  Stream,  in 
Wallagrass,  Me.,  near  Soldier  Pond  post-office,  at  a  point  about  7 
miles  south  of  Fort  Kent  and  4  miles  below  Ei^le  Lake. 

The  gage  datum  has  remained  unchanged  during  the  maintenance 
of  the  station.  During  the  winter  months  the  discharge  is  affected 
by  ice. 

Conditions  for  obtaining  accurate  results  are  good,  and  a  well- 
defined  rating  curve  has  been  developed. 

Discharge  meaturements  of  Fish  River  at  Wallagrass ^  Me.,  in  1907S. 


Date. 

Hydrogr^her. 

Width. 

Area  of 
aeotton. 

helghL* 

hflighLfr 

Thick- 
ness 
ofice. 

Dis- 
charge. 

1907. 
February  13.... 
Do 

F.  E.  Pressey 

Feet. 
110 
110 
110 
110 
170 

140 
130 
104 
96 

253 
244 
253 
246 
1,410 

386 
457 
231 
191 

FeeL 
4.40 
4.40 
4.62 
4.62 

ia55 

6u45 
4.74 
2.49 

FetL 
4.90 
4.90 
4.62 
4.62 

FeeL 
1.35 
1.35 
1.7 
1.7 

236 

.    do '. 

234 

March  28 

do 

227 

Doc 

do 

224f 

May  30 

do 

5,060 
486 

1906. 
February  18.... 
March 31    .  ... 

F.  E.  Pressey 

6.55 

1.3 

do 

778 

October  8 

do 

186 

November  28. . . 

....do 

97.3 

a  To  water  surface. 

6  To  top  of  Ice. 

e  Some  open  channel  and  ice  unsafe  In  places. 

d  Oage  height  doubtful. 

Daily  gage  height,  in  feet,  of  Fish  River  at  Wallagrass,  Me.,  for  J907-S. 
[Vital  E.  Michaud,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1907. « 
1 

4.0 

■"i*6" 

3.6 

"ido* 

"iL2* 

ia2 

6.9 

7.2 

45 

44 

6.0 
6.3 

""7.'6* 
7.6 

2 

4.2 

6.1 

ii 

6.0 

3 

9.7 
9.4 

6.9 
6.9 

7.2 

46 

47 

5.8 

4 

5 

7.6 

47 

6.0 
6.2 

5.4 

6 

8.4 

11.9 
12.0 

*'ii*8' 

11.6 

8.8 

6.8 

7 

7.7 

47 

46 

8 

4.8 

'"i"?' 

3.6 

"i'e' 

3.6 

8.8 
**'i*5* 

*"i'5* 
&5 

as 

6.8 

6.8 
**6.*8' 

5.6 
"6.6* 

8.0 
8.5 

8.6 
...... 

"ii" 
8.0 

9 

7.4 
7.3 

46 
44 

48 

10...            

4.3 

5.2 

11 

12 

7.1 

43 

6.2 

5.8 

13 

4.4 

3.7 

^    11.9 

14 

7.6 
6.8 

**6.*6" 
'"6.*8* 

6.8 
6.8 

42 

&2 

5.8 

15 

3.8 
•4.V 

12.0 
12.0 

*ii6' 

13.1 

"ii's* 

8.3 

"7.9' 

7.6 

6.7 

6.6 

"6.4* 

"as" 

16 

17 

4.4 

4.6 

44 

5.8 

'  "ii 

18 

44 

"'Hi' 

■**46* 

6.7 
6.0 

&8 

*"i*6* 

7.9 
"'i'.h' 

"i'.i' 
6.1 

19 

'      55 

4.2 
4.2 

1 

6.7 

20 

2, L._     '    ^ 

6.6 

22 

23 



"*4.*2' 

"i'e' 

1      4.6 
4.8 

7.5 

'7.2' 
7.1 

6.2 
6.1 

*"6.*i* 

6.8 

24 

6.7 

44 

7.9 

25 

5.1 



6.5 

12.2 

5.4 

6.8 

a  See  footnote  at  end  of  table,  next  page. 
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Daily  gage  height ,  in  feet  ^  of  Fish  River  at  WaUagraas,  Me,,  far  1907-^— Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

icy. 

June. 

July. 

Aug. 

8^. 

Oct. 

Nov. 

Dec 

1907. 
26 

6.5 

43 

5.3 

"*6,"7* 

■'6.'5' 
6.2 

7.2 

27. 

■•::::::::::: 

6.3 

**'7.6* 
7.8 

11.0 

ia5 
*  ias* 

6.9 

6.1 

28 

4.6 

5.5 

"49* 
47 

3.4 
3.4 

42 
42 

5.8 
"6.9* 

7.3 

S                        ....... J 

6.7 

6.8 

90 ::::i :::..: 

7.1 

81 

6.6 
*"5.'2* 

7.1 

i9oa 
1 

6.8 
6.8 
6.0 
6.0 

5.3 

9.9 
9.6 

3.6 

2..              

5.2 

1L6 

3 

3.6 

4 

6.4 

5.4 

12.3 

9.4 

4.9 

3.4 

5 

3.6 
3.6 

6 

5.0 

5.5 
5.6 

12.9 

9.2 

4.8 

3-4 

7 

.     0.6 

8 

5.0 

5.2 

13.7 
14.1 

8.7 

4.6 
.1..... 

8.4 

3.3 

9 

5.7 

10 

5.3 

6.6 

8.4 

*"7.'6* 
6.9 

4.5 

45 

''42" 

3.5 

3.1 

11 

5.9 

13.7 

12 

7.4 

3.7 
*"i*7* 

3.7 

"'Hi' 

*"i*7* 

2.8 
2.6 

13 

5.1 

5.9 

13.7 

14 

6.8 

15. 

^1 

5.9 
5.9 

13.9 
13.9 

6.6 

i*9 

2.6 

16. 

17 

5.3 

*"6.'4* 

6.0 

6.3 

8.6 

2.6 

18 

6.0 

13.1 

19 

6.6 

8.5 

2.7 
2.7 

20 

5.3 



5.2 

6.0 

12.7 

21 

6.5 
**"6.'3* 

*"6.*i* 

8.4 
3.4 

22 

6.2 

"6.6* 

6.1 

12.2 

3.7 

2.7 
2.7 

23 

24 

6.4 

11.8 
11.6 

8.4 

3.6 

25 

5.3 

2.8 

2.8 
2.7 

26 

47 

6.8 

3.4 

8.6 

27 

ia9 

5.9 

1 

28 

5.2 

***6.*6' 

5.8 
5.7 

9.0 
■*9.*9* 

3.4 

3.5 

1 

29 

lae 

5.6 
5.4 

2.7 

1 

30 

3.4 

3.5 

1 

31 

5.4 

Note.— River  froten  January  1  to  March  31, 1907;  Ice  conditions  prevailed  about  December  15, 1907,  to 
January  17,  1908.  River  frozen  over  January  18  to  about  April  3,  1908,  being  partially  open  during  the 
latter  part  of  March.  Also  frozen  over  about  December  8  to  31.  1908.  Gage  heights  during  the  frozen 
periods  read  to  water  surface  in  a  hole  cut  in  the  ice.  Gage  heights  June  to  September,  1908,  have  been 
corrected  0.4  foot,  account  of  settling  of  gage  due  to  caving  banks.  They  are  liable  to  considerable  error. 
Oage  heights  October  to  December,  1908,  were  unreliable,  and  hence  are  omitted. 

Rating  table  for  Fish  River  at  WallagrasSf  Me.  ^  for  July  29,  1903,  to  September  SO,  1908, 


hei^^t. 

Dis-      1 
charge.  ' 

Gage 
heli^t. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Feet. 

8ec,'ft. 

Fett, 

Sec-ft. 

Feet, 

aec.'ft. 

Feet. 

See.-ft. 
2,699 

2Leo 

203 

400 

642 

5.40 

1,268 

7.60 

2.70 

227 

410 

681 

5.50 

1,320 

7.80 

2,738 

2.80 

252 

420 

721 

6.60 

1,372 

aoo 

2,880 

290 

279 

430 

762 

5.70 

1,425 

a20 

3,026 

aoo 

307 

440 

803 

6.80 

1,479 

840 

3,174 

3.10 

336 

450 

845 

6.90 

1,634 

860 

3,328 

3.20 

366 

460 

888 

&00 

1,690 

a80 

3,487 

aso 

397 

470 

932 

6.20 

1,706 

9.00 

3,660 

3.40 

429 

480 

977 

a40 

1,824 

laoo 

4,620 

8.50 

462 

490 

1,023 

aeo 

1,946 

11.00 

6,490 

3.60 

496 

5.00 

1,070 

aso 

2,071 

12.00 

6,560 

3.70 

531 

5.10 

1,118 

7.00 

2,200 

laoo 

7,650 

&80 

667 

5.20 

1,167 

7.20 

2,331 

14  00 

8,850 

3.90 

604 

5.30 

1,217 

7.40 

2,464 

NoTK. — The  above  table  Is  not  applicable  for  ice  or  obstructed-channel  conditions.    It  la  based  on  dl»* 
charge  mcgisarements  made  during  1903  to  1908  and  Is  well  defined. 
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Monthly  discharge  of  Fish  River  cU  WallagrasSf  Me.  ^  for  J907S. 
[Drainage  area,  800  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1907. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


2.740 
7,770 
4,700 
2,140 
2,670 
932 
1,640 
3,330 
1,640 


429 

3.630 

2,010 

1,650 

932 

721 

803 

1,500 


The  year. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1908. 


7,770  ! 


4,430 
8,970 
4.430 
1,220 
531 
496 


The  year. 


8,970 


800 
4,650 
1,270 
429 
429 
203 


Mean. 


Per 
square 
mile. 


300 

220 

220 

881 

6,130 

3,040 

1,920 

2,070 

819 

1,330 

2,480 

1,080 


a337 
.247 
.247 
.990 
&89 
3.42 
2.16 
2.33 
.920 
1.49 
2.79 
1.21 


1,710  I 


1.92 


600 

339 

412 

1,790 

7,090 

2,490 

670 

485 

302 

150 

120 

150 


.674 

.381 

.463 

2.01 

7.97 

2.80 

.763 

.545 

.339 

.109 

.135 

.109 


1,220  ' 


1.37 


Rtm-off    I 
(depth  In  L,^^ 
Inches  on  \^^ 
drainage   I  »^y. 

area).      I 


0.39 
.26 
.28 
1.10 
7.94 
3.82 
2.49 
2.09 
1.03 
1.72 
8.11 
1.40 


26.23 


.78 
.41 
.53 
2.24 
9.19 
3.12 
.87 


.19 
.15 
.19 


18.68 


Note. — Discharge  during  ice  conditions,  IW7S,  based  on  climatological  reports,  the  discharge  of  other 
drainages  in  northern  Maine,  and  five  measurements  made  under  ice  oondlltions. 

8eoond4Bet. 

Discharge  December  15  to  31. 1907 900 

Discharge  April  1  to  3,  1908 giSO 

Discharge  interpolated  for  days  when  the  gage  was  not  read.    Discharge  October  to  December,  1908, 
estimated  on  the  basis  of  two  measurements  andf  general  run-off  oonditions  in  Maine. 

AROOSTOOK   RIVER   AT   FORT   FAIRFIELD,  ME. 

The  sources  of  Aroostook  River  lie  adjacent  to  those  of  the  Matta- 
wamkeag  and  the  East  Branch  of  the  Penobscot.  Although  its 
drainage  area  is  large — 2,350  square  miles,  nearly  all  in  Maine — its 
flow  is  quite  variable,  because  of  lack  of  storage  facilities.  During 
the  low-water  season,  which  frequently  occurs  in  both  the  fall  and 
midwinter,  its  flow  has  been  known  to  reach  a  miniiniimi  of  0.06 
second-foot  per  square  mile,  a  remarkably  low  figure  for  so  large  a 
stream  in  the  East.  Considerable  fall  is  available,  and  during  1907 
the  Aroostook  Falls,  with  a  head  of  about  75  feet,  just  across  the 
boundary  line  in  New  Brunswick,  have  been  developed  for  light  and 
power  purposes. 
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The  gaging  station,  which  was  established  July  31,  1903,  to  obtain 
general  statistical  data  regarding  the  flow  of  the  river,  is  located  at 
the  steel  highway  bridge  in  the  village  of  Fort  Fairfield,  about  3  miles 
from  the  international  boimdary  line  and  about  8  miles  below  the 
mouth  of  Little  Madawaska  Stream.  The  nearest  dam  is  that  at 
Aroostook  Falls,  above  referred  to. 

The  datum  of  the  gage  has  remained  imchanged  during  the  main- 
tenance of  the  station.  During  the  winter  months  the  discharge  is 
affected  by  ice  and  only  weekly  observations  of  gage  heights  are 
made.  Conditions  for  accurate  determinations  of  discharge  are 
good,  and  an  excellent  rating  curve  has  been  developed.     (See  PI.  III.) 

Discharge  measurements  of  Aroostook  River  at- Fort  Fairfield^  J/f.,  in  1908. 


Date. 

Width. 

Area  of      Gage      Gage 
section,   height.aheight.fr 

Thick-'    J... 
ness  of  „J;So 
ice.     |<^^**»^- 

February  20.... 
Aprils 

F.  E.  Presaey 

Feet. 
365 

•396 
272 
282 

Sq.-ft.       Feet. 
1,140         7.65 

Feet. 
7.65 
7.77 

Feet. 
2.1 
1.7 

See.-ft. 
2,930 

do '. 

1,500 
453 
647 

7.57 
3.37 
4.00 

3,560 

October  6    . . 

.do 

363 

]>y^niber  K . .  - 

do 

1>120 

aTowatersarfMse, 


bTotopofioe. 


«  FIfty-siz  feet  width  of  open  channel. 
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Daily  gage  height^  infect,  o/Aroottook  River  at  Fort  FairfiM,  Me,^for  t9€7-^. 
[F.  E.  Petenon,  obeerrer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept, 

Oct 

Nov. 

Dec 

1907. 
1 

1 

1 

16.0 

14.9 

14.66 

13.8 

12.7 

11.15 
ia85 
ia75 

ia6 
lao 

ia4 
las 
lai 

9.75 
9.65 

9.6 
9.85 
ia55 
ia75 

las 

ia56 
iai5 

9.55 
8.65 
8.1 

7.75 
7.35 
7.0 
7.35 
8.15 
8.05 

13.5 

13.85 

14.25 

13.85 

13.3 

12.76 

12.6 

12.1 

12.6 

12.25 

11.65 
11.55 
11.16 
11.2 

ia3 

9.65 
9.8 
9.45 
9.05 
&9 

8.6 

8.3 

8.15 

8.1 

7.75 

7.45 

7.5 

8.35 

7.6 

6.96 

6.66 

6.36 

6.06 

7.2 

7.9 

&05 

9.2 

9.0 

&65 

8.06 

7.4 

6.8 

6.35 

5.95 

6.9 

6.6 

6.4 

6.3 

6.3 

6.55 

6.9 

6.6 

6.5 

6.45 
5.6 
5-85 
6.0 
6.9 

ia36 

ia6 

9.95 
9.15 
8.4 

7.95 

7.95 

7.7 

7.7 

7.4 

6.95 

6.35 

6.7 

6.2 

6.05 

4.8 

6.1 

6.65 

5-85 

6.55 

6.56 

6.3 

6.25 

6.15 

5.1 

6.06 

7.0 

7.2 

7.4 

6.85 

6.4 

6.4 

6.06 

6.6 

6.8 

7.0 
6.6 
6.3 
6.1 
6.5 

6.75 

6.25 

6.1 

5.85 

6.45 

6.25 

6.25 

6.1 

4.85 

5.16 

6.7 

6.06 

6.66 

7.1 

7.1 

7.75 

4.3 
4.4 
4.4 

4.2 
4.25 

4.15 

4.2 

4.35 

4.1 

4.4 

4.15 
3.95 

'*8.*76* 
3.3 

3.15 

3.1 

3.3 

3.2 

8.1 

8.35 
3.3 
3.2 
3.35 
3.35 

3.35 

3.4 

3.5 

3.5 

3.6 

3.6 

8.8 
9.0 
9.6 
9.1 
&96 

8.8 

8.8 

&36 

8.1 

7.3 

6.96 

6.25 

6.4 

6.1 

5.05 

4.0 
4.5 
4.3 
4.2 
4.1 

4.0 
4.0 
4.0 
4.15 
4.25 

4.45 

4.6 

4.45 

4.26 

4.15 

4.0 

8.6 
3.6 
3.6 
3.6 
3.5 

3.6 
3.5 
3.6 
3.6 
3.6 

3.9 
3.8 
3.8 
3.8 
3.8 

Z.9 

4.0 

4.0 

4.15 

4.4 

4.6 
4.5 

*  4.6* 
3.9 

3.8 

3.7 

3.66 

3.6 

3.5 

3.6 

3.95 

3.9 

4.0 

4.1 

43 

4.5 
4.75 
6.0 
6.2 
4.86 

4.65 

5.25 

6.3 

6.05 

5.05 

4.85 

4.9 

4.9 

4.85 

4.8 

4.6 

4.75 

4.55 

4.7 

4.95 

5.05 

5.8 

6.25 

4.95 

4.8 

8.6 

*i*4** 
3.46 
3.6 

3.4 
3.5 
3.5 
3.55 
3.6 

3.45 

3.45 

3.3 

3.25 

8.2 

8.2 
8.2 
3.2 
8.8 
3.3 

3.3 
3.3 
3.8 
Z.Z 

as 

8.8 
8.8 
3.3 
8.3 
3.8 

4.65 
4.45 
4.45 
4.6 
4.6 

4.6 
4.6 
4.6 
5.3 
6.26 

6.46 

6.4 

6.1 

6.96 

6.7 

6.45 
6.25 
6.25 
6.05 
4.85 

4.8 
4.95 
6.0 
6.85 
6.45 

4.85 

4.4 

4.45 

4.8 

6.25 

6.4 

3.3 
3.3 
3.35 
3.45 
3.5 

3.4 

3.55 

3.6 

3.6 

3.6 

3.6 
3.6 
3.55 
8.45 
8.46 

8.45 

8.45 

3.4 

8.4 

8.8 

8.8 
8.3 
8.8 
3.4 
3.35 

Z.A 
3.4 
3.4 
8.4 
8.4 
3.5 

6.4 

6.3 

6.0 

7.25 

7.9 

7.9 
8.5 
8.7 
8.7 
8.6 

8.55 

8.1 

7.8 

7.4 

6u9 

6w45 

6.0 

6.0 

6.06^ 

6.65 

6.25 

6.25 

5.6 

5.1 

5.0 

5.0 

6.25 

4.6 

4.3 

4.45. 

3.6 
3.55 
3.65 
3.75 
3.8 

3.75 

3.7 

3.6 

3.6 

3.66 

3.5 

3.45 

8.46 

3.5 

3.65 

3.5 

8.6 

3.5 

3.45 

8.5 

3.6 

3.4 

3.55 

3.65 

3.4 

3.45 
3.5 
3.65 
3.65 

8.76; 

4.55 
4.45 
4.45 
4.5 
4.6 

2 

5.1 

3 

4 

4.9 

5 

1 

6 

6.0 

1 

4.6 

7 

j 

4.66 

8 

6.1 

1 

4.7 

9 

5.5 

10 

1 

6.0 

11 

1 

6.45 

12 

I 

5.0    

10.3 

13 

5.1 

10.2 

14 

8.4 

16 

7  6 

16 

6.0 

7  45 

17 

7  0 

18 

• 

6.7 

19 

6.65 

20 

6.0 

! 

&65 

21 

6.1 

6.2 

22 

1 

6.0 

23 

6.0 

6.85 

24 

6.0 



6.6 

26 



5.6 

26 

6.1 

6.6 

27 

12.4 
12.95 
13.85 
14.65 

6.75 

28 

6.45 

29 

5.7 

30 

6.1 

5.85 

81 

5.25 

1908. 
1 

6.6 

4.05 

2 

4.1 

3 

7.67 

4 

6 

6 

7 

6.5 

4.4 

8 

6.9 

9 

10 

11 

12 

4.5 

13 

14 

7.1 

15 

6.5 

16 

17 

8.2 
8.25 

a4 

a35 

8.3 

8.2 

..7.55 

18 

7.3 

19 

4.3 

20 

7.65 

7.3 

21 

22 '. 

23 

24 

8.05 
8.8 

8.7 

laas 

12.25 
13.2 
13.66 

25 

7.2 

28 

4.0 

27 

28 

29 

6.6 

30 

31 

7.8 

1 

1 

Note.— River  frozen  January  1  to  April  26, 1907  and  Ice  conditions  probably  prevailed  Deoember  1  to  9 
and  18  to  31, 1907.  River  also  frozen  January  1  to  April  26  and  December  2  to  31, 1908.  Oage  heights  dur- 
ing the  frozen  periods  read  to  water  surface  In  a  hole  cat  in  the  Ice  except  April  17  to  26, 1908,  which  were 
to  the  top  of  tEe  ice. 
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Rating  table  for  Aroottook  River  at  Fort  Fairfield,  Me.,  for  1905-1908. 


Oaee 
height. 

Dl8- 
oharge. 

Gage 

Dis- 
charge. 

hel^t. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

Feet. 

'"■{& 

Feet. 

8ec.4t. 
1,984 

Feet. 

8ee.-/t. 

Feet. 

See.-ft. 

8.10 

4.60 

&10 

4,845 

&20 

10,100 

3.20 

240 

4.70 

2,150 

6.20 

5,060 

a40 

10,710 

3.30 

310 

4.80 

2,320 

6.30 

5,275 

&60 

11,330 

3.40 

390 

490 

2,494 

&40 

5,495 

aso 

11,960 

3.60 

480 

5.00 

2,672 

&50 

5,715 

9.00 

12,600 

3.60 

580 

5.10 

2,854 

&60 

5,940 

9.20 

13,240 

3.70 

690 

5.20 

3,040 

a70 

6,165 

9.40 

13,900 

3.80 

810 

5.30 

3,230 

a80 

6,396 

9.60 

14,560 

3.90 

940 

5.40 

3,423 

&90 

6,630 

9.80 

15,230 

4.00 

1,075 

5.50 

3,619 

7.00 

6,865 

laoo 

15,910 

4.10 

1,215 

5.60 

3,818 

7.20 

7,345 

11.00 

19,400 

4.20 

1,360 

5.70 

4,019 

7.40 

7,840 

12.00 

23,000 

4.30 

1,510 

5.80 

4,222 

7.60 

8,360 

13.00 

28,700 

4.40 

1,664 

5.90 

4,427 

7.80 

8,910 

14.00 

30,600 

4.50 

1,822 

6.00 

4,635 

8.00 

9,500 

15.00 

34,300 

Note.— The  above  table  is  not  applicable  for  ice  or  obstmcted-channel  conditions.    It  is  based  on  dis- 
charge meastirexnents  made  during  1903  to  1908,  and  is  well  defined. 

Monthly  discharge  of  Aroostook  River  at  Fort  Fairfield,  Me.,  for  1907-8. 

[Drainage  area,  2,230  square  miles.] 


Discharge  in  second-feet. 

Run-off 

(depth  in 

incnes  on 

drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Accu- 
racy. 

1907. 
Jannarj 

800 
500 
700 
4,650 
17,300 
6,160 
6,350 
5,180 
2,290 
3,150 
6,050 
4,090 

a35e 

.224 
.314 
2.08 
7.76 
2.76 
2.40 
2.32 
1.03 
1.41 
2.71 
1.83 

a  41 
.23 
.36 
2.32 
8.95 
3.08 
2.77 
2.68 
1.15 
1.63 
3.02 
2.11 

D. 

Fphnwy,,,...   ,      .     . 

D. 

March 

D. 

April 

32,600 
34,300 
13,200 
8,770 
14,200 
3,230 
5,600 
11,600 
17,000 

B. 

MSy.::::::::::::::::::::::::::;::::::::: 

6,860 
3,230 
2,410 
1,080 
940 
1,660 
1,610 

A. 

JiTn« .  .  ...... 

A. 

July 

A. 

A  ngiist 

A. 

A. 

October ... 

A. 

November 

A. 

December 

B. 

The  year 

34,300 

4,680 

2.10 

28.71 

1908. 
Janoary 

1,500 

1,350 

1,720 

6,840 

17,800 

6,140 

793 

855 

360 

425 

543 

500 

.673 
.605 
.771 
3.07 
7.98 
2.76 
.356 
.383 
.161 
.191 
.243 
.224 

.78 
.65 
.89 
a  42 
9.20 
3.07 
.41 
.44 
.18 
.22 
.27 
.26 

D. 

V^tymiry 

D. 

March 

D. 

April 

29,200 

31,400 

18,000 

1,660 

1,820 

580 

580 

810 

1,140 

B. 

MBy........ :..::::.:..::.:.:::. .::::.... 

7,970 
1,730 
180 
480 
240 
310 
390 

A. 

JnnA  - 

A. 

July 

A. 

A. 

A. 

October 

A. 

A. 

D. 

The  year 

31,400 

180 

3,240 

1.45 

19.79 

Note.— Discharge  during  ice  conditions  1907-8  based  on  climatological  reports,  discharge  of  adjacent 
drainages,  and  two  discharge  measurements  made  under  ice  conditions. 

Second-feet. 

Discharge  April  1  to  26, 1907 1,000 

December  1  to  9  and  18  to  31,  1907 1,560  and  2,500 

April  1  to  26, 1908 4,140 

Discharge  May  29-31  and  June  26-30, 1908,  based  on  the  disctiarge  at  adjacent  stations. 
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40  SURFACE  WATBB  SUPPLY,  1907-8. 

ST.  CROIX  RIVER  DRAINAGE  BASIN. 

DESCEIPTION. 

St.  Croix  River  is  formed  by  two  principal  branches:  The  East 
Branchy  also  known  as  the  Upper  St.  Croix,  is  the  outlet  of  the  Schoo- 
dic  Lake  system,  including  Grand  and  Spednic  lakes ;  the  West  Branch 
is  formed  by  the  Grand  Lake  system,  including  Sysladobsis,  Grand, 
and  Big  lakes.  The  St.  Croix,  including  the  East  Branch,  forms  nearly 
half  of  the  eastern  boimdary  of  Maine,  and  its  total  length  is  about 
100  miles.  Tributaries  are  small  and  unimportant.  The  total  drain- 
age area  is  1,630  square  miles,  the  East  or  principal  branch  having  690 
square  miles,  and  the  West  Branch  670  square  miles  at  their  junction. 
The  river  discharges  into  Passamaquoddy  Bay. 

The  basin  is  in  general  lower  than  that  of  any  other  of  the  larger 
streams  of  the  State  flowing  into  the  Atlantic,  its  headwaters  having 
an  elevation  of  about  540  feet. 

A  large  part  of  the  drainage  basin  is  still  covered  with  timber,  and 
above  Vanceboro  and  Princeton,  at  the  foot  of  the  two  systems  of 
lakes,  the  region  is  for  the  most  part  wild  and  inaccessible. 

The  mean  annual  precipitation  is  probably  about  41  inches,  vary- 
ing from  44  inches  at  Eastport,  on  the  coast,  to  38  inches  in  the 
northern  portions.  The  river  is  generally  frozen  over  during  the 
winter,  although  more  subject  to  thaws  during  this  season  than 
basins  that  are  farther  inland. 

The  lake  system  of  the  St.  Croix  is  the  largest  in  the  State  in  pro- 
portion to  the  drainage  basin,  except  that  of  the  Presumpscot,  which 
is,  however,  a  much  smaller  stream.  The  lake  surface  of  the  Upper 
St.  Croix  aggregates  approximately  50  square  miles,  that  of  the 
West  Branch  70  square  miles  in  area,  taking  into  accoimt  only  the 
principal  lakes  and  ponds.  In  fact,  above  Vanceboro  and  Princeton 
each  branch  of  the  river  is  simply  a  succession  of  lakes  almost  to  the 
extreme  headwaters.  The  total  lake  surface  of  the  St.  Croix  is 
probably  not  less  than  150  square  miles,  or  nearly  one-tenth  the  total 
drainage  area. 

The  St.  Croix  is  a  valuable  stream  for  water  power,  owing  to  its 
very  uniform  flow.  Power  has  been  developed  at  Calais,  Baring, 
and  at  Woodland,  principally  for  manufacture  of  pulp,  paper,  and 
iimiber.  PossibiUties  for  increased  storage  are  excellent,  and  a  sys- 
tematic regulation  of  water  areas  easily  controlled  by  dams  would 
make  this  one  of  the  best  power  streams  in  the  coxmtry. 

The  river  is  navigable  as  far  as  Calais,  except  for  the  two  or  three 
months  in  the  year  when  it  is  frozen. 
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A  gaging  station  has  been  maintained  on  the  St.  Croix  at  Wood- 
land since  1902.  While  complete  annual  records  are  not  available, 
indications  are  that  the  wettest  year  since  1902  was  1903,  and  the 
driest  was  1905. 

ST.    CROIX   RIVER   NEAR    WOODLAND,    ME. 

This  station,  which  has  been  maintained  to  obtain  general  data 
regarding  the  total  flow  of  the  river,  was  originally  estabUshed 
December  4,  1902,  at  a  point  a  short  distance  above  Sprague  Falls, 
now  called  Woodland,  near  Baring,  Me.  On  June  8,  1905,  it  was 
moved  about  1 J  miles  downstream  to  avoid  backwater  effect  from  a 
paper  mill  and  dam  constructed  at  Sprague  Falls.  It  is  about  10 
miles  below  the  junction  of  the  West  with  the  East  Branch,  and  about 
14  miles  above  the  mouth  of  the  St.  Croix  River.  Power  develop- 
ments are  numerous  along  the  river,  the  nearest  being  at  Woodland 
above,  and  at  Baring,  5  miles  below.  Backwater  from  the  lower  dam 
extends  about  2  miles,  and  does  not  affect  the  flow  at  the  station. 

There  is  no  determined  relation  between  the  gage  datimis  at  the 
original  and  final  locations  of  the  station.  During  the  winter  months 
the  discharge  is  affected  by  ice,  and  in  the  log-driving  season  the 
discharge  is  sometimes  materially  affected  by  log  jams.  Conditions 
for  obtaining  accurate  discharge  at  the  present  station  location  under 
open-channel  conditions  are  good,  and  a  very  good  rating  curve  has 
been  developed. 

Ditcharge  TMtxmremeTUs  of  St.  Croix  River  near  Woodland ^  J/e.,  in  1907S, 


«  Discharge  affected  by  anchor  ice. 

h  Backwater  caused  by  log  jam  on  shoals  700  feet  below  cable. 
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SUKFACE  WATER  SUPPLY,  lOH-*. 


DaO^f  ga^  hagki,  in/eei,  of  St.  Croix  Rit^r  near  Woodland^  Me^for  1991-8, 
(SiiiMoo  Phlimwy,  oImvtw.) 


11. 
12. 
13. 
14. 
15. 

10. 
17. 
W. 
19.. 

ao.. 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30. 
31. 


9-. 
10. 

11. 
12. 
13. 
14. 
15. 


18. 
19., 
20. 

21., 
22. 
23.. 
24.. 
26.. 


27. 
28. 
29. 
30. 
31. 


Dsj.     Jan.  Feb.  '  Mar. 


Apr.     Maj.  •  June.    Jafy.  '  Aqs.    Scfit. '  Oct.     Nor.    Dec 


1907. 


7.7 


8.5 


7.5 


10.8 
10.9 
ILO 


7.7 


9.0 


8.7 
8.7 


7.7 
Y.'t 


8.2 


1906. 


8.0 


I  I 


7.7 


8.1.      7.5 


7.0  ! 


7.6' 


7.9 


8.1    . 


8.0 


8.0  I. 


7.8 


8.1 


9.0  I      8.0  I      8.5 


8.3 


I 


7.8 


8.0  ! 
8.0  I 


8.0 


.   .              8.2 

8.7  1. 

8.2 

8.5 



8.5  !. 

8.9 

8.7    . 

9.3 

10.0 

8.2 

10.0 

9.6    . 

10.4 
10.6 


8.2 
8.0 
8.0 
7.9, 


8.0 
8.0  ' 
8.1 
8.1 

8.1 


8.1 
8.1 
8.2 

8.3 
8.3 
8.3 


8.5 

8.5 
8.4 
8.3 
8.3 
8.3 


9.3 
9.5 
9.8 
10.1 


« I  las 

7 7  7        9.2        9.0 10.0 

8 9.6 

9 7.7    7.«  '  9.2 

10 ■  9.0 


8-S 
8.8 
9.2 

9.3 
9.4 
9.5 


9.0  > 


9.5 


9.« 
9.6 


8.7  ■ 

8.6  i      9.6 

8.4  I      9.6 


8.3 

8.2 


8.2  r'9.*6' 
'      8.3 


&4 
8.4 
8.4 


8.3 


8.3 

8.2 


8.5 
8.6 
3.6 
8.7 
8.7 


10.0 

lai 


10.4 
10.5 

10.4 
10.3 
10.0 


8.3 

8.3 
8.3 
8.3 
8.2 


9.0 
9.4 
9.9 
10.4 

10.3 


9.6 


10.0 
9.8 
9.7 
9.7 
9.6 

9.6 


9.2 
9.0 

8.8 
8.7 
8.6 


8.4 
8.3 
8.2 
8.1 
8.1 


9.2 
8.6 
8.4 


8.2 


8.3 
8.3 


8.4 
8.4 


8.3 


8.2 
8.1 

8.1 
8.0 


8.0 
7.9 


8.4 

8.5 
8.5 

8.6 
8.6 

8.6 


8.4 
8.3 
8.3 

8.3 
8.3  . 
8.3 


8.3 


8.4 
8.4 
&4 
&4 


8.5   . 

8.3 

8.5   . 

8.0 

8.5 

8.3 

8.0 

8.3 

8.0 

8.5 

8.4 

8.0 

8.5 

8.4   . 

8.5 

&4  , 

8.0 
8.1 

8.5 

8.3 

8.1  1 

&5 

8.3 

8.1  1 

&3 

8.1I 

8.4 

8.3 

8.1  1 

8.4 

8.2   . 

.  .     .1 

8.5. 

8.2 

8.0  , 

8.4    . 



8.0 

8.5 
8.6 
8.7 
8.7 

8.7 
8w7 


8.6 
8.6 
8.5 


7.8 
7.8 
7.7 
7.7 


7.6 
7.6 
7.5 
7.4 


7.3 


7.2 
7.2 
7.2 

7.3 
7.3 
7.3 


7.6 

7.6 

7.8 
8.0 
8.0 
8.0 


7.8 
7.8 
7.8 
7.7  I 
7.7 


8.3 
8w3 


8.3 

8.3 
8.3 
8.3 
8.3 


8.3 
8.3, 
8.4 
8.4  . 
8.4  . 
8.4  . 
I 


7.7  i 

7.8  I 
7.8 

7.8'. 
7.9 

7.9 : 


8.0 

8.» 
8.1 
8.1 
8.1 
8.2 


8.1 
8.0 
8.0 
7.9 

7.9 

7.8 


7.8 
7.8 

7.8 
7.7 

7.7 


&2 : 
8.2 
8.2 ; 
8.2 
8.2 ,. 


'iY; 

8.4 
8.4  ' 

8.4 
8.4 
8.4 


7.7 
7.7 
7.7 
7.6 
7.6 


7.7 
7.6 
7.6 
7.5 

7.5 
7.6 


7.6 
7.7 


7.7 
7.7 
7.7 


7.6 
7.6 
7.7 
7.7 
7.7 

7.7 


7.7 
7.7 
7.8 


7.7   . 

7.4 

8.7 

7.4 

8w9   . 

f.0> 

7.4 

9.0. 

7.4 

8.9'. 

^7| 

7.5 

8.0 

8.0 
8.0 
8.0 


7.8 
7.7 
7.5 
7.4 
7.4 

7.4 


7.5 
7.6 

7.7 
7.7 


7.8 
7.8 
7.9 


7.7 

7.7 
7.8 
7.8 
7.7 


7.7 
7.6 
7.6 
7.5 


7.4 


6.6 
6.9 

7.0 


7.0 
7.0 


7.0 
7.0 
7.0 
7.1 
7.2 
7.6 


8.1  ' 

8.0, 
7.9' 
7.8  : 
7.7  .. 


7.6 
7.6 
7.5 

7.5 
7.5 
7.5 


6.6 

7.4 
7.4 
7.3 


7.6 
7.5 
7.3 

7.1 


7.0 
6.9 

6.9 
6.8 
6.8 
6.8 


6.9 
6.9 
7.0 
7.1 


7.1 


7.1 
.7.0 
7.0 


6.9 
6.9 


6.8 


9.« 
9.6 
9.1 
9.0 


8.7 
k4 
&1 


8.1 


7.9 
'7.9 


6u8 
6.7 
«l6 

6.6 


6.8 
6.9 


6.9 


7.9 


7.0 
7,0 


6.9 


6.7 


6.7 
6.7 


6.7 


Note.  -Ice  conditions  January  10  to  April  25, 1907.  Discharge  affected  by  andior  Ice  Jannaiy  1  to  about 
March  31  and  during  part  of  December,  1908.  During  the  frozen  seasons,  1907-8,  gage  heists  are  to  w»t«r 
surface  in  a  hole  cut  in  the  ice. 

The  discharge  is  frequently  affected  by  backwater  from  log  Jams  lodged  on  rifts  below  the  statioo. 
No  definite  Information  regarding  1907  is  available,  but  during  the  last  half  of  1908  it  is  probable  that  tbe 
discharge  was  greatly  affected  by  iams.  See  discharge  measurement  September  18,  1908.  It  has  been 
aatumed  that  a  nearly  ooostaat  backwater  effect  existed  from  about  June  12  to  December  31, 1908. 
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Rating  table  for  St,  Crcix  River  near  Woodland,  Me.,  for  July  1, 1905,  to  December  5/, 

1908,  except  as  noted  below. 


hJ^U 

Dis- 
charge. 

hAi^. 

Dia- 
charge* 

hfligSt. 

Dis- 
charge. 

Oage 
height 

Dis- 
charge. 

Feet. 

Sec-ft. 

Fed. 

8ee.-fl. 

Feet. 

See.-ft. 

Feet. 

8ee.-ft. 

&60 

060 

7.60 

2,090 

&60 

3,660 

9.60 

6,640 

e.70 

1,060 

7.70 

2,230 

&70 

3,830 

9.70 

6,860 

6.80 

1,160 

7.80 

2,370 

&80 

4,010 

9.80 

6,090 

e.w 

1,260 

7.90 

2,610 

8.90 

4,200 

9.90 

6,320 

7.00 

1,960 

&00 

2,660 

9.00 

4,390 

laoo 

6,660 

7.10 

1,470 

&10 

2,810 

9.10 

4,690 

•ia2o 

7,020 

7.20 

1,690 

8.20 

2,970 

9.20 

4,790 

ia40 

7,600 

7.30 

1,710 

&30 

3,130 

9.30 

6,000 

ia6o 

8,000 

7.40 

1,830, 

&40 

3,300 

0.40 

6,210 

ia8o 

8,610 

7.60 

1,960 

&60 

3,470 

9.60 

5,420 

11.00 

9,030 

NoTK. — ^The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  9  dls> 
charge  measurements  made  during  1905  to  1906  and  is  well  defined. 

Particular  attention  is  called  to  the  fact  that,  in  addition  to  periods  when  ice  conditions  existed,  the 
above  table  is  not  applicable  when  the  disohane  was  affected  bv  log  Jams  at  or  below  the  station,  such 
conditions  were  known  to  exist  in  1906  and  1906,  the  approximate  dates  being  May  16  to  October  25, 1906, 
and  June  12  to  December  31, 1906.  It  is  not  positively  known  that  backwater  conditions  did  not  exist 
for  porticos  of  other  years. 

Monthly  discharge  of  St.  Croix  River  near  Woodland,  Me.,  for  1907-8, 
[Drainage  area,  1,420  square  miles.] 


Discharge  in  second-feet. 

Run-off 

(depth  in 

inches  on 

drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mite. 

Accu- 
racy. 

1907. 
January 

1,740 
971 
1,360 
3,120 
4,690 
4,230 
3,440 
3,300 
3,130 
2,470 
2,530 
2,920 

1.23 
.684 
.958 
2.20 
3.30 
2.98 
2.42 
2.32 
2.20 
1.74 
1.78 
2.06 

1.42 
.71 
1.10 
2.46 
3.80 
3.32 
2.79 
2.68 
2.46 
2.01 
1.99 
2.38 

D. 

FebmMT 

D. 

Marrh . .' 

D. 

April 

8,000 
9,030 
6,640 
3,830 
3,470 
3,300 
2,970 
4,390 
5,640 

C. 

iiKr;;;.: 

2,970 
2,970 
3,130 
3,130 
2,970 
1,830 
950 
1,830 

A. 

Jan« .... 

A. 

July 

A. 

Angiifft. .....    

A. 

September 

A. 

October 

A. 

November t  ■ 

A. 

necwniber 

A. 

The  year 

9,030 

2,830 

1.99 

27.12 

1906. 
January 

2,700 
1,800 
2,200 
3,360 
5,230 
3,500 
1,600 
1,800 
1,500 
1,250 
1,000 
900 

1.90 
1.27 
1.55 
2.37 
3.68 
2.46 
1.06 
1.27 
1.06 
.880 
.704 
.634 

2:19 
1.37 
1.79 
2.64 
4.24 
2.74 
1.22 
1.46 
1.18 
1.01 
.79 
.73 

C. 

Febmiry 

?• 

Miw^ 

April 

6,780 
7,760 
7,600 

2,510 
2,810 

A. 

fiKrv;::: ::.:: 

A. 

June . . ,     , , -  -  - 

B. 

July 

C. 

August t 

C. 

80ptember 

C. 

October 

D. 

Novmnber 

D. 

pfKf^t^bM-  , 

D. 

The  year 

2,230 

1.57 

21.36 

. 

NoTS.—Dis6harge  during  ice  conditions  1907-8  based  on  cllmatological  reports,  the  discharge  of  adjacent 
dfalnages  and  one  measurement  made  under  ice  conditions.    Discharge  April  1  to  25, 1907, 2,300  second-feet. 

DiscEarvB  during  conditions  of  probable  backwater  from  ice  jam  about  June  12  to  December  31, 1908. 
bMed  on  um  resulo  of  one  discharge  measurement,  which  indicated  that  the  backwater  effect  at  7.7  feet 
WM  abCfOt  QM  foot.   Estimated  results  for  this  period  subject  to  considerable  error. 
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MACHIAS  RIVER  DRAINAGE  BASIN. 
DESCBIPTION. 

Machias  River  is  fairly  representative  of  several  of  the  smaller 
streams  in  Maine  that  discharge  their  waters  into  the  ocean  and  are 
conmionly  referred  to  as  ''coastal  rivers."  It  rises  in  the  Machias 
LakeS;  in  the  near  vicinity  of  the  Grand  Lake  system  of  the  St. 
Croix,  flows  in  a  generally  southeasterly  direction  to  tide  water  at 
Machias,  a  distance  of  some  50  miles,  and  its  drainage  area  measures 
495  square  miles.  At  East  Machias,  near  the  mouth,  it  is  joined  by 
East  Machias  River,  a  stream  of  similar  characteristics  rising  in 
Pocamoonshine  Lake,  near  Princeton,  and  draining  about  345  square 
miles. 

The  Machias  drainage  basin  is  considerably  broken  with  hills  and 
low  mountains,  and  attains  an  altitude  in  its  northwestern  portion  of 
about  400  feet  above  sea  level.  Near  the  coast  the  prevailing  rock 
is  quartzite,  while  farther  inland  granite  is  foimd,  and  near  the  head- 
waters mica  schists  prevail.     The  basin  is  generally  forested. 

The  mean  annual  rainfall  is  probably  about  42  inches,  or  a  little 
greater  than  that  of  the  St.  Croix  basin,  and  winter  conditions  are 
similar  to  those  of  the  St.  Croix. 

Li  the  whole  Machias  basin  there  are  about  70  square  miles  of  lake 
surface  which  are,  however,  largely  near  the  headwaters.  They  are 
utilized  to  a  small  extent  for  log  driving. 

There  are  good  water-power  sites  on  the  Machias  and  its  principal 
branch,  and  developments  have  been  made  at  Machias,  East  Machias, 
and  Whitneyville.  The  river  is  one  of  promise  as  regards  storage 
possibilities  when  conditions  warrant  development. 

A  station  has  been  maintained  on  the  Machias  River  near  Whit- 
neyville since  1903.  While  complete  yearly  records  are  not  availa- 
ble, 1906  was  probably  the  wettest  year  during  this  time  and  1905  the 
driest,  the  total  flow  during  these  two  years  being  about  in  the  ratio 
of  1  to  1.72. 

MACHIAS   RIVER   AT   WHITNEYVILLE,   ME. 

This  station  was  established  October  17,  1903,  and  was  originally 
located  at  the  bridge  of  the  Washington  Coimty  Railroad,  new 
Whitneyville,  about  8  miles  above  the  mouth  of  the  river.  On 
October  3,  1905,  the  gage  was  transferred  to  the  wooden  highway 
bridge,  about  one-half  mile  upstream  from  the  railroad  bridge.  It 
has  been  maintained  to  obtain  general  statistical  data  regarding  the 
total  flow  of  the  Machias  River.  A  short  distance  above  the  station 
is  a  storage  dam  which  causes  considerable  fluctuation  in  the  gage 
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heights  at  low-water  periods.  At  the  original  location  backwater 
from  the  dam  at  Machias,  about  4  miles  below,  or  from  the  accumula- 
tion of  logs,  occurred  during  a  considerable  portion  of  the  time,  and 
some  of  the  gage  heights  previous  to  October  3,  1905,  are  liable  to 
very  considerable  errors. 

During  the  winter  months  the  discharge  is  affected  by  ice.  Con- 
ditions for  obtaining  accurate  discharge  at  the  new  location  are  fair, 
and  a  fair  rating  curve  has  been  developed,  except  at  low  stages, 
which  are  somewhat  uncertain. 

The  discharge  has  been  computed  for  all  years  since  the  establish- 
ment of  the  station.  The  1903-4  values  as  published  in  Water-Supply 
Paper  No.  124  have  been  revised  on  the  basis  of  new  and  more  accu- 
rate rating  curves.  The  discharge  is  materially  affected  at  times 
during  the  driving  season  by  log  jams. 

Diicharge  meanwemenU  of  Machias  River  at  WhitneyvilUf  Me.,  in  1903-1908, 


Date. 


Hydrognpher. 


Width, 


Area  of 
section. 


helg 


Oace      Dla- 
heignt.  I  charge. 


1903. 
October  17... 

1904. 

April  26 

ADril28 

Ilayl7 

May  30 

Do 

May  21 

JtlIMl7« 

Atigi]8t23.... 
August  24.... 
November?.. 


1905. 

May  13 

JunelSe 

Septembers.. 

Octobers 

NoTember21.. 

1906. 

ADrll24 

Mar  24. 

Augt]st28 

Novembers.. 


F.  E.  Pressey. 


Feet. 


F.  E.  Pressey. 

do 

....do 

....do 

....do 

....do 

N.  C.  Orover. . 
F.  E.  Pressey. 

do 

....do 


Barrows  and  Pressey.. 

F.  E.  Pressey 

do 

....do 

....do 


F.  E.  Pressey. 

....do 

.do. 


.do. 


1907. 

May  10 

October  31. 


1906. 

March  5<( 

September  17 . 


F.  E.  Pressey. 
do 


F.  E.  Pressey. 
do 


124 
125 
125 
124 
124 


124 
126 
125 
125 


122 
125 


125 

122 


Sq.ft. 
647 


1,030 

1,230 

1,250 

1,360 

1,360 

1,.320 

740 

860 

730 

580 


715 
1,000 
770 
560 
585 


1,050 
830 


999 
691 


733 
374 


FeH.a 
6.63 


9.67 
11.19 
11.64 
12.41 
12.38 
12.07 
7.64 
8.54 
7.61 
6.40 


7.49 
9.57 
7.88 
6.18 
6.47 


FeH.t>    Sec-ft. 
221 


7.41 
8.33 


3.42 
3.88 


7.01 
5.49 
3.46 
4.11 


6.90 
4.52 


5.38 
3.04 


1,970 

2,970 

3,670 

4,300 

4,170 

3,800 

400 

1,100 

540 

325 


993 

1,340 

1,000 

210 

430 


2,710 

1,460 

315 

535 


2,510 
760 


1,010 
87.6 


a  Oage  at  railroad  bridge. 

h  Oage  at  highway  brldee. 

e  Discharge  affected  by  Tog  Jams. 

*  River  partly  frosen.    Average  thickness  of  ice  0.7  foot ;  gage  height  to  top  of  ice,  5.38  feet. 
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DctUy  gage  height,  in  feet,  of  MaMae  River  at  WhitneffviUe,  Me,,  for  1907-^, 
[In  8.  Albee,  obnnm-.] 


Day. 


Jan.     Feb.     Mar.     Apr.     May.    Jane.    July.     Aag.    Sept.     Oct.     Nov.    Dee. 


Aug. 

Sept. 

Oct. 

3.9 

3.25 

5.0 

3.8 

3.25 

4.7 

3.7 

3.2 

4.7 

3.76 

3.2 

4.65 

3.8 

3.4 

4.5 

4.1 

3.6 

4.4 

4.1 

3.65 

4.4 

4.05 

3.6 

4.6 

4.0 

3.5 

6.4 

4.0 

3.4 

6.0 

3.0 

3.3 

5.6 

3.8 

3.25 

5.0 

3.7 

3.2 

4.6 

3.6 

3.2 

4.4 

3.5 

3.2 

4.3 

3.45 

3.2 

4.2 

3.45 

3.2 

4.1 

3.4 

3.2 

4.0 

3.4 

3.2 

4.0 

3.4 

3.2 

3.9 

3.35 

3.2 

3.8 

3.3 

3.25 

3.7 

3.3 

3.25 

3.6 

3.25 

3.7 

3.5 

3.3 

4.2 

3.5 

3.35 

4.8 

3.5 

3.4 

4.4 

3.55 

3.3 

4.0 

3.55 

3.25 

4.2 

3.7 

3.2 

4.6 

4.5 

3.2 

4.55 

8.6 

3.9 

3.7 

3.6 

3.8 

3.8 

3.7 

3.7 

4.5 

3.7 

8.6 

4.7 

3.8 

3.6 

4.5 

3.8 

3.6 

4.3 

3.8 

3.6 

4.1 

3.8 

8.6 

8.9 

3.9 

3.6 

3.7 

3.0 

8.6 

3.5 

8.9 

8.6 

3.4 

3.95 

.3.6 

3.4 

3.95 

3.5 

8.4 

4.0 

3.45 

8.4 

4.0 

8.4 

3.4 

4.0 

3.3 

8.4 

4.0 

3.0 

8.4 

4.0 

8.0 

3.4 

3.9 

3.0 

3.4 

3.8 

3.1 

3.4 

3.7 

3.2 

8.85 

3.6 

3.8 

3.35 

3.5 

8.4 

3.35 

3.6 

3.45 

8.3 

3.7 

3.5 

3.4 

8.8 

3.5 

8.5 

3.9 

8.5 

3.6 

4.0 

3.6 

4.0 

4.0 

3.65 

4.8 

4.0 

3.7 

5.2 

4.0 

5.5 

* 

1907.* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1908.6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

25 

27 

28 

29 

30 

31 


4.9 
5.9 
5.7 
5.4 
5.5 

5.4 
5.2 
5.1 
5.0 
6.0 

4.5 
4.3 
4.4 

4.3 
4.3 

4.4 

4.5 
4.45 
4.4 
4.45 

4.7 
5.0 
4.8 
4.7 
4.6 

4.6 
4.4 

4.4 

4.3 
4.3 
4.25 


6.3 
5.7 
5.3 
5.0 
4.9 

4.85 

4.8 

5.6 

6.9 

6.2 

5.7 
5  3 
5.6 
6.0 
6.0 

6.0 
5.9 
5.2 
6.1 
5.0 

4.9 
4.8 
4.4 
4.3 

4.2 

4.2 
4.4 

4.5 
4.65 
4.7 
5.0 


4.3 

4.25 

4.3 

4.3 

4.25 

4.25 

4.25 

4.3 

4.3 

4.3 

4.3 

4.25 

4.25 

4.25 

4.3 

4.3 

4.25 

4.25 

4.3 

4.3 

4.3 

4.3 

4.3 

4.35 

4.36 

4.4 
4.4 
4.3 


5.2 
5.3 
5.4 
5.5 
5.4 

5.3 
5.2 
6.1 
5.1 
5.15 

5.2 

5.2 

5.25 

5.3 

5.4 

8.0 
8.7 
7.7 
6.7 
6.3 

6.7 
6.4 
5.2 
6.0 
5-0 

5.0 
6.2 
6.0 
7.2 


4.3 

4.3 
4.35 
4.35 
4.35 

4.35 

4.4 

4.4 

4.4 

4.4 

4.4 

4.35 
4.35 
4.35 
4.4 

4.4 
4.4 

4.45 
4.45 
4.4 

4.45 

4.5 

4.5 

4.55 

4.6 

4.7 

4.66 

4.6 

4.7 

5.3 

5.4 


6.6 
6.0 
5.7 
5.6 
5.4 

5.36 

5.3 

6.2 

5.1 

5.16 

5.1 
6.1 
5.1 
6.1 
5.6 

8.0 
8.2 
7.8 
7.0 
6.4 

5.6 
5.3 
5.3 
6.3 
7.6 

6.7 
6.0 
6.2 
6.0 
6.8 
6.6 


5.4 
5.5 
5.6 
5.5 
5.6 

5.6 
6.2 
6.0 
5.9 
5.7 

5.5 

5.45 

5.4 

5.4 

5.4 

5.5 
5.6 
5.7 
6.0 
6.4 

6.4 

6.45 
6.5 
7.9 
9.4 

9.1 
8.8 
8.6 
8.4 
8.1 


5.3 

5.1 
5.0 
4.8 
4.9 

5.0 
5.1 
5.1 
5.2 
5.6 

6.0 
6.1 
6.1 
5.9 
5.7 

5.8 

6.0 
6.0 
6.2 
6.4 

6.4 
6.5 
6.5 
6.6 
6.6 

6.5 
6.6 
6.6 
7.0 
6.9 


&0 
8.0 
&3 
8.1 
7.5 

7.3 
7.0 
7.0 
6.9 
6.9 

6.9 

6.8 

6.75 

6.7 

6.8 

6.8 
6.6 
6.4 
6.3 
5.3 

5.3 
5.5 
5.7 
5.5 
5.5 

5.4 

5.3 

5.2 

5.25 

5.1 

5.0 


7.0 
8.5 
8.0 
7.5 
6.6 

6.0 
5.8 
5.6 
6.0 
6.4 

6.8 
6.1 
6.0 
5.9 
5.7 

5.6 
6.3 
6.2 
6.3 
6.4 

6.5 
6.4 
6.3 
5.3 
6.35 

5.4 
5.5 

6.5 
6.6 
6.6 
6.6 


4.9 
4.8 
4.7 
4.6 
5.6 

6.8 
6.9 
7.0 
7.0 
6.9 

6.8 
6.9 
7.0 
6.8 
6.6 

6.3 
6.2 
6.1 
6.0 
5.9 

5.8 
5.7 
5.4 
5.1 
4.1 

4.0 
3.9 
3.8 
3.8 
4.0 


7.0 
7.5 
8.0 
7.6 
7.3 

7.0 
6.6 
6.0 
5.6 
5.0 

4.9 
4.9 
5.0 
5.0 
5.2 

6.4 

5.6 
5.8 
6.0 
5.6 

5.3 
5.2 
5.0 

4.8 
4.7 

4.6 
4.6 
4.4 
4.3 
4.2 


4.4 

5.1 
5.0 
4.9 
4.8 

4.7 
4.6 
4.5 
4.5 
4.6 

4.55 

4.5 

4.4 

4.3 

4.2 

4.0 
3.9 
3.8 
3.7 
3.6 

3.5 
3.3 
3.3 
3.4 
3.45 

3.5 

3.5 

3.55 

3.6 

3.7 

4.0 


4.2 
4.1 
4.0 
4.0 
4.0 

4.0 

4.0 

4.05 

3.9 

3.9 

3.9 
3.9 
3.9 
3  85 
3.85 

3.86 

3.7 

3.7 

3.7 

8.7 

3.7 
3.7 
3.7 
3.7 
3.6 

3.6 
3.6 
,3.6 
3.6 
3.6 
3.6 


46 
4.4 

4.5 

4.7 
4.8 


4.9  4.5 

7.6  4.4 

8.6  I      4.3 

7.6  4.3 

7.0  4.3 


6.5 
6.2 
5.4    ' 
4.9 
4.9    I 

4.9 
4.7 
4.5 
4.3 
4.2 

4.1 

4.1 

4.1 

4.15 

4.3 

6.7 
6.8 
6.2 
5.6 
5.2 


5.8 
5.0 
4.3 
4.0 

3.8 

3.6 
3.5 
8.5 
8.5 
3.5 

8.6 
3.5 
3.5 
3.5 
3.5 

4.3 
4.4 

4.3 
4.2 
4.0 

3.9 
3-8 
3.7 
3.6 
3.6 

3.6 
3.7 
3-8 
8.9 

3.8 


a  The  extent  of  the  effect  of  Ice  conditions  on  the  discharge  for  1907  Is  doubtful.  It  appears  probable, 
however,  that  this  effect  was  continuous  from  about  Januan'  10  to  about  March  25.  Tbeie  may  also  have 
been  backwater  from  ice  conditions  the  last  of  March  and  the  first  three  weeks  of  April.  December,  1907, 
was  probably  unaffected. 

b  The  extent  of  the  effect  of  ice  conditions  on  the  discharge  for  1908  is  doubtful.  It  is  probable,  however, 
that  this  effect  occurred  approximately  as  follows:  January  16  to  February  15,  February 21  to  March  15^ 
and  December  13  to  31. 
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Rating  tables  for  MackUu  River  at  Whitneyville,  Me. 
OCTOBER  17,  1003,  TO  SEPTEMBER  10,  1904. 


hdgE^t. 

Dis- 
charge. 

». 

Dis- 
charge. 

Oaffe 
height. 

D!». 
charge. 

Oa£e 
height. 

Dis- 
charge. 

FM, 

Stc-fl. 

Feet, 

atc.-fL 

Feet. 

aec.-fl. 

Fe^. 

8ec.-ft. 

6.20 

10 

6.70 

246 

8.20 

890 

10.40 

2,460 

5.30 

16 

6.80 

275 

8.30 

945 

10.60 

2,630 

5.40 

23 

6.90 

306 

8.40 

1,000 

10.80 

2,800 

5.60 

31 

7.00 

330 

8.50 

1,060 

11.00 

2,980 

6.eo 

40 

7.10 

374 

8.60 

1,120 

11.20 

3,160 

6.70 

60 

7.20 

411 

8.70 

1,185 

11.40 

3,340 

5.80 

62 

7.30 

450 

8.80 

1,250 

11.60 

3,520 

6.W 

75 

7.40 

491 

8.90 

1,315 

11.80 

3,710 

6.00 

00 

7.50 

535 

9.00 

1,380 

12.00 

3,900 

6.10 

107 

7.60 

581 

9.20 

1.520 

13.00 

4,860 

6,20 

126 

7.70 

629 

9.40 

1,660 

14.00 

5,860 

6.30 

147 

7.80 

678 

9.60 

1,810 

15.00 

6,910 

6.40 

•  170 

7.00 

728 

9.80 

1.970 

16.00 

8,010 

6.60 

104 

8.00 

780 

10.00 

2.130 

6,00 

219 

8.10 

835 

10.20 

2,290 

Note.— This  table  simersedes  the  rating  table  used  in  Water  Supply  Paper  124.  The  date  of  change 
from  this  table  to  the  following  one  is  somewhat  uncertain. 

The  table  is  not  applicable  for  ioe  or  obstructed-channel  conditions.  It  is  based  on  9  discharge 
measurements  made  during  1903-4  and  is  well  defined  between  gage  heights  6.6  feet  and  13  feet.  Below 
6  feet  the  rating  is  very  uncertain. 

SEPTEMBER  11,  1904,  TO  SEPTEMBER  30,  1905. 


6.00 

1 
25 

6.20 

280 

7.40 

770 

1..2D 

1.900 

6.10 

36 

6.30 

315 

7.50 

820 

9.40 

2,060 

6.20 

60 

6.40 

350 

7.60 

875 

9.60 

2,220 

5.30 

65 

6.50 

385 

7.70 

930 

9.80 

2,380 

6.40 

80 

6.60 

420 

7.80 

985 

10.00 

2,540 

6.60 

100 

6.70 

460 

7.90 

1,040 

10.20 

2,700 

5.60 

120 

6.80 

600 

8.00 

1,100 

10.40 

2,860 

6.70 

140 

6.90 

540 

8.20 

1.220 

10.60 

3,040 

5.80 

165 

7.00 

580 

8.40 

1,350 

10.80 

3,220 

6.90 

190 

7.10 

625 

8.60 

1,480 

1  11.00 

3,400 

6.00 

220 

7.20 

670 

8.80 

1,620 

I  12.00 

4,320 

6.10 

250 

7.30 

720 

9.00 

1,760 

1 
1 

NoTK.— This  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  4  discharge 
measurements  made  during  1905  and  1  made  during  1904  and  the  1906-1908  rating  curve.  The  1906-1908 
rating  was  utilised  by  means  of  a  relation  established  between  the  new  and  old  gages  from  simultaneous 
age  heights  October  to  December,  1905.  It  is  fairly  well  defined  between  gage  heights  6  feet  and  12  feet. 
Below  6  feet  the  rating  is  very  uncertain. 

OCTOBER   1,   1906,   TO   DECEMBER  31,   1906. 


2.50 

10 

3.80 

382 

5.10 

1,140 

1    0.8. 

2,470 

2.60 

17 

3.90 

431 

5.20 

1.210 

7.00 

2,650 

2.70 

27 

4.00 

482 

5.30 

1.280 

7.20 

2,830 

Z80 

40 

4.10 

5.14 

5.40 

1.350 

7.40 

3,010 

2.90 

56 

4.20 

587 

5.50 

1,420 

7.60 

3,190 

3.00 

77 

4.30 

642 

5.60 

1,490 

7.80 

3,380 

3.10 

106 

4.40 

698 

5.70 

1,560 

8.00 

3,580 

3.20 

138 

4.50 

755 

5.80 

1.640 

8.20 

3,780 

3.30 

174 

4.60 

814 

5.90 

1,720 

8.40 

3,980 

3.40 

211 

4.70 

875 

6.00 

1,800 

8.60 

4,180 

3.50 

250 

4.80 

937 

a20 

1.960 

8.80 

4,380 

3.60 

292 

4.90 

1.000 

6.40 

2.120 

9.00 

4,580 

3.70 

336 

5.00 

1,D70 

6.60 

2,290 

10.00 

5,680 

Note.— This  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  8  discharge 
measurements  made  during  1905  to  1908  and  is  well  defined  between  gage  heights  3  feet  and  7  feet.  Below 
gage  height  3  feet  the  rating  is  very  uncertain. 
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Monthly  discharge  of  Madnas  River  at  WhitneyvilUt  Me.,  for  1903-1908. 
[Drainage  area,  465  square  miles.] 


Discharge  in  second-feet. 

Run-off 
(depth  in 
inches  on 

drainage 
area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mUe. 

Aoctl- 
racy. 

1903.a 
October  17-31 

1,060 
1,180 
1,220 

2,980 

5,860 

7,570 

2,380 

678 

1,120 

8,220 

1,980 

770 

350 

4,230 

2,060 

1,420 

1,900 

670 

1,280 

292 

968 

5,460 

5,130 

3,380 

2,740 

755 

431 

814 

1,720 

1,800 

219 
306 
430 

835 

1,520 

728 

275 

50 

10 

25 

250 

220 

80 

1,350 
350 
820 
350 
80 
50 
40 
56 

814 
1,350 
937 
431 
138 
77 
10 
336 
382 

628 
644 
697 

1,830 
2,680 
2,980 
800 
303 
172 
562 
669 
424 
216 

2,240 
1,000 
1,080 
712 
279 
488 
148 
527 

2,370 

2,560 

1,910 

1,010 

323 

161 

299 

852 

718 

1.14 
1.38 
1.50 

3.94 
6.76 
6.41 
1.72 
.652 
.370 
1.21 
1.44 
.912 
.465 

4.82 
2.15 
2.32 
1.53 

.600 
1.05 

.318 
1.13 

6.10 
6.51 
4.11 
2.17 
.605 
.346 
.643 
1.83 
1.64 

a64 

1.&4 
1.73 

1.47 

6.43 

7.39 

1.92 

.75 

.43 

1.36 

1.66 

1.02 

.14 

6.38 
2.48 
2.50 
1.76 

.60 
1.17 

.37 
1.26 

A. 

November 

A. 

December 

C, 

19G4.a 
March  22-31 

A. 

Aoril 

A. 

May!:::::::::::::::::::::::.:::::::::::: 

A. 

June 

C. 

July 

r 

August 

c. 

September 

D 

October 

D. 

November 

r 

December  1-8 

D. 

1905.6 
ApriL 

c 

iSy!v:::::::::::::::::::::::::::::::::: 

c. 

June 

D. 

July 

c. 

August 

c. 

September 

c. 

October 

B. 

November 

A. 

1906.5 
AprU 

1 
6.60     B. 

May^v:: 

6.36     A. 

June 

4.50     A. 

July 

2.50  1  A. 

August 

.80  ,  R. 

September 

.30 

.74 
2.04 
1.78 

B. 

October 

B. 

November 

A. 

December 

B. 

1907.* 
Jannary 

1,720 

759 

400 

550 

2,230 

2.190 

1,610 

554 

293 

283 

708 

1,400 

1.350 

1.63 
.860 
1.18 
4.80 
4.71 
3.46 
1.19 
.630 
.609 
1.52 
3.01 
2.90 

1.88 

r. 

February 

.90     D. 

March 

1.36     D. 

April 

5,020 
3.800 
2,650 
1,140 
534 
937 
2,120 
4,180 
2.650 

1,350 
1,070 
382 
174 
138 
138 
250 
534 
587 

6.36 
6.43 
3.86 
1.37 
.73 
.68 
1.76 
3.36 
3.34 

B. 

iiSy.; : :::..::::::::::::::: 

A. 

June 

A. 

July 

A. 

August 

A. 

September 

A. 

October 

A. 

November 

A. 

A. 

The  year 

5,020 

138 

1.030 

2.21 

30.02 

oThe  values  for  1903-4  supersede  those  published  in  Water  Supply  Paper  124.  Discharge  December 
1903,  assumed  unaffected  by  ice.  Discbarge  January  1  to  March  21  and  December  9  to  31, 1904,  affected 
by  ice  conditions.  Log  Jam  at  station  June  17,  1904,  affected  the  discharge  28  per  cent.  On  the  basb  of 
this  the  mean  discharge  for  June  was  reduced  18  per  cent.  Maximum  and  minimum  assumed  unaffected. 
t  Ice  conditions  prevailed  approximately  as  follows  during  1905  and  1906:  January  1  to  March  30  and 
December  1  to  31, 1905;  January  1  to  March  31 ,  1906.  It  is  possible  also  that  April  1  to  April  14  and  Decem- 
ber, 1906,  were  slightly  affected.  Discharge  affected  by  log  Jams  April  1  to  17  and  June  1  to  23,  1905. 
Approximate  corrections  were  applied  to  April  and  June,  based  on  observer's  notes  and  one  discharge 
measurement  and  comparison  wftn  adjacent  streams. 

Second-feet 

Discharge  April  1  to  17, 1905 2.590 

June  1  to  23,  1905 1,100 

eSee  footnote  at  end  of  table,  next  page. 
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Monthly  discharge  of  Machia$  River  at  WhitneyvUle,  Me.,  for  1903-1908— Continued. 


MoDth. 


Discharge  in  seoond-feet. 


MaxlmunL 


MifilmuiP- 


Mean. 


Per 
square 
mile. 


Run-off 
(depth  in 
inches  on 
dralna^ 
area). 


Accu- 
racy. 


January.... 
February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November.. 
December. . 


lB08.a 


2,560 

4,280 

3,780 

2,660 

4,060 

3,580 

687 

482 

431 

1,420 

1,640 

1,070 


037 
1,210 
587 
202 
260 
77 
174 
260 


1,1W 

1,380 

1,660 

1,750 

1,890 

1,550 

392 

402 

247 

418 

446 

374 


2.56 
2.97 
3.57 
3.76 
4.06 
3.33 
.843 
.865 
.531 
.890 
.959 
.804 


2.95 
3.20 
4.12 
4.20 
4.68 
3.72 

.07 
1.00 

.50 
1.04 
1.07 

.93 


The  year. 


4,280 


77 


975 


2.10 


28.47 


a  Discharge  during  Ice  conditions,  1907-8,  based  on  climatological  reports,  discharge  at  other  stations 
In  Maine,  and  on  one  measurement  made  under  ice  conditions. 

Second-feet 

Discharge  January  10, 1907 800 

January  13  to  31, 1907 500 

January  16  to  31. 1908. 880 

February  1  to  15, 1908 950 

February  21  to  29, 1908 1,150 

March  1  to  15, 1908 1,040 

December  13  to  31, 1906 260 

PENOBSCOT  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

The  West  or  principal  branch  of  Penobscot  River  rises  in  the 
mountainous  region  of  Maine  near  the  Canadian  boundary,  and  it 
flows  in  a  general  southeasterly  direction  to  its  junction  with  the 
East  Branch  of  the  river  at  Medway,  a  distance  of  over  100  miles. 
From  the  mouth  of  the  East  Branch  to  tidewater  at  Bangor  is  about 
75  miles,  this  latter  point  being  27  miles  from  the  mouth  of  the  river 
at  Penobscot  Bay.  The  total  length  of  the  river  is,  therefore,  about 
200  miles.  The  drainage  basin  has  an  extreme  breadth  of  about  115 
miles  and  comprises  8,500  square  miles,  or  more  than  one-fourth  the 
entire  State. 

The  important  tributaries  of  the  Penobscot  in  the  order  of  their 
confluence  from  the  source  of  the  river  are  as  follows: 

Tributaries  of  Penobscot  River. 


River. 


East  Branch  Penobscot  River. 

Mattawamkeac  River 

Piscataquis  River 


Enters  Penobscot  at- 


Drainage 

area 
(square 
miles). 


Medway 1,130 

Mattawamkeag 1,500 

Howland 1,500 


16264— lEB  241—10- 
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The  basin  lies  in  general  at  a  somewhat  lower  elevation  than  that 
of  Kennebec  River,  for  the  latter  is  nearer  to  the  summit  mountain 
range  on  the  western  boundary  of  the  State.  As  a  whole,  it  is 
rather  uniform  in  its  topographic  features,  hills  and  low  mountains 
stretching  from  the  region  near  the  sea  to  a  point  above  Bangor. 
Farther  north  its  surface  is  an  undulating  plain,  while  westward  it 
becomes  more  broken  and  generally  diversified  by  hills,  detached 
peaks,  lakes,  ponds,  and  swamps.  The  headwaters  of  the  Kennebec, 
Penobscot,  and  St.  John  are  all  in  the  same  vicinity,  a  highland 
region  intermingled  with  swamps  and  lagoons.  Mount  Katahdin,  the 
highest  peak  of  which  is  5,273  feet  above  mean  tide,  and  the  highest 
mountain  in  the  State,  lies  in  a  detached  range  of  mountains  between 
the  West  and  East  branches  of  the  Penobscot. 

The  predominant  rocks  of  the  Penobscot  basin  are  shales,  slates, 
and  schists.  In  the  Mount  Katahdin  region  and  near  the  mouth  of  the 
river  granite  also  occurs  in  considerable  areas.  The  character  of 
the  river  valley  is  determined  largely  by  the  prevailing  rocks.  Thus, 
for  many  miles  above  Bangor  the  river  flows  through  an  area  where 
the  rocks  are  relatively  soft  shales,  slates,  and  schists,  and  its  valley 
here  is  broad.  Between  Hampden  and  Bucksport,  however,  where 
harder  granites  and  schists  are  found,  the  valley  is  narrow  with  steep 
walls,  and  a  short  distance  below  Ripogenus  Lake  some  of  the  finest 
river  scenery  in  the  country  is  found. 

Chesuncook  Lake  lies  near  the  center  of  the  basin  at  an  elevation 
of  930  feet  above  sea  level.  From  this  point  to  tide  water  the  dis- 
tance along  the  river  is  126  miles,  or  an  average  fall  of  7.4  feet  per 
mile. 

Nearly  two-thirds  of  the  Penobscot  River  basin  consists  of  timber 
land.  Spruce  prevails,  although  white  pine,  cedar,  and  white  birch 
are  also  produced  in  considerable  quantities. 

The  mean  annual  precipitation  varies  from  about  43  inches  near 
the  coast  to  less  than  35  inches  in  the  northern  portions,  the  mean  for 
the  whole  basin  being  about  39  inches,  slightly  less  than  that  of  the 
Kennebec. 

The  river  freezes  over  during  the  winter  and  large  accumulations 
of  snow  occur. 

The  natural  storage  facilities  of  the  Penobscot,  with  its  total  lake 
and  pond  surface  of  approximately  550  square  miles,  are  surpassed 
only  by  those  of  the  Kennebec  and  Androscoggin  basins.  On  the 
West  branch,  some  30  billion  cubic  feet  of  storage  in  the  Twin  and 
Chesuncook  Lake  sj^stems  is  utilized  in  connection  with  the  develop- 
ments of  the  Great  Northern  Paper  Company,  at  and  near  Millinocket, 
with  marked  effect  upon  the  regimen  of  flow.  On  the  East  Branch 
Chamberlain  and  Allegash  Lakes  and  a  number  of  others  are  capable 
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of  storing  much  of  the  flow.  Mattawamkeag  and  Piscataquis  rivers 
all  have  good  storage  possibilties,  and  it  is  safe  to  say  that  80  or  90 
billion  cubic  feet  of  water  could  economically  be  stored  in  the  various 
portions  of  the  Penobscot  basin.  While  storage  on  the  West  Branch 
of  the  river  is  very  efficiently  controlled  by  the  Great  Northern  Paper 
Company,  in  all  other  localities  use  of  the  stored  water  is  made  merely 
for  log  driving,  and  a  systematic  regulation  of  stored  flow  would  be 
of  great  benefit  to  present  and  future  users  of  power. 

Log  driving  is  an  important  industry  on  the  Penobscot,  and  the 
annual  drive  amounts  to  over  200  million  feet  b.  m.  The  river  is 
navigable  to  Bangor  except  during  the  winter  months. 

Considerable  power  has  been  developed  on  the  Penobscot,  notably 
for  the  pulp  and  paper  mills  at  Oldtown,  West  Enfield,  and  Millinocket, 
but  there  is  a  very  large  amount  of  undeveloped  power  both  on  the 
main  river  and  its  principal  tributaries. 

The  longest  run-off  record  in  the  Penobscot  basin  is  that  at  Milli- 
nocket, beginning  in  1901.  The  driest  year  at  that  point  since  1900 
was  1904,  and  the  wettest  was  1902,  the  total  flow  during  these  two 
years  being  in  the  ratio  of  1  to  2.08.  Storage  on  the  West  Branch 
has  very  materially  changed  the  regimen  of  flow  since  1901.  The 
driest  year  at  West  Enfield  was  1905,  and  the  wettest  was  1907,  the 
ratio  being  1  to  1 .78. 

The  following  gaging  stations  have  been  maintained  in  the  Penob- 
scot basin : 

Penobscot  River  at  Millinocket  (1901-1908). 

Penobecot  River  at  West  Enfield  (1901-1908). 

Penobscot  River  at  Sunk  Haze  Rips,  near  CJostigan  (1899-1900). 

East  Branch  Penobscot  River  at  Grindstone  (1902-1908). 

Mattawamkeag  River  at  Mattawamkeag  (1902-1908). 

Piscataquis  River  near  Foxcroft  (1902-1908). 

Cold  Stream  at  Enfield  (1904-1906). 

Kenduskeag  Stream  near  Bangor  (1908). 

Phillips  Lake  Outlets  at  Holden  (1904-1908). 

RIVER   SURVEYS    IN   PENOBSCOT   DRAINAGE    BASIN. 

Surveys  have  been  made  in  the  Penobscot  River  drainage  basin  by 
the  United  States  Geological  Survey  as  follows: 

Penobscot  River,  from  tide  water  to  Seeboomook  Falls,  near  Northwest  Carry;  East 
Branch  Penobscot  River,  from  Grand  Lake  to  mouth ;  Mattawamkeag  River,  from  North 
Bancroft  to  mouth. 

AUegaeh,  Chamberlain,  Telos,  Webster,  Second,  and  Grand  lakes  in  East  Branch 
Penobscot  drainage  basin. 

Mattawamkeag  and  Baskahegan  lakes  and  Pleasant  Pond  in  Mattawamkeag  drain- 
age basin. 

Scboodic,  Seboois  and  Endless  lakes  in  Piscataquis  drainage  basin. 
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From  the  data  collected  by  the  river  surveys  sheets  have  been 
prepared  showing  as  far  as  available  the  profile  of  water  surface, 
plan  of  the  river,  contours  along  the  banks,  and  prominent  natural 
or  artificial  featiu'es. 

From  the  lake  surveys  sheets  have  been  prepared  showing  as  far 
as  possible  the  shore  lines  and  bank  contours  covering  any  probable 
increase  in  storage  capacity. 

The  results  of  these  surveys  have  been  in  part  published  on  sheets, 
which  may  be  had  on  apphcation  to  the  Director  of  the  Geological 
Survey. 

WEST   BRANCH   OP  PENOBSCOT   RIVER   AT   MILLINOCKET,  ME. 

The  discharge  of  Penobscot  River  at  the  Millinocket  mill  of  the 
Great  Northern  Paper  Company  has  been  computed  and  the  data 
furnished  since  1901  by  H.  S.  Ferguson,  engineer  for  the  company. 
The  development  at  Millinocket  was  made  by  placing  a  concrete 
dam  on  the  Penobscot  at  the  outlet  of  Quakish  Lake,  a  little  over  a 
mile  from  the  mill  site  on  Millinocket  Stream,  which  enters  the 
Penobscot  about  4^  miles  below  Quakish  Lake.  Millinocket  Stream 
has  only  a  slight  fall,  while  the  main  river  drops  some  112  feet  in 
this  vicinity,  and  by  utilizing  the  former  for  a  tailrace  a  head  of  about 
110  feet  has  been  obtained. 

About  3  miles  above  Quakish  Lake  dam  is  North  Twin  Lake  dam — 
a  comparatively  new  storage  dam  affording  about  14.5  billion  cubic 
feet  of  storage. 

Records  are  obtained  by  considering  the  flow  through  the  wheek, 
the  flow  over  the  dam,  and  water  used  from  time  to  time  by  the  log 
sluice,  filters,  etc.  The  wheels  were  rated  at  Holyoke,  Mass.,  before 
being  placed  in  position.  As  the  head  under  which  they  work, 
averaging  about  110  feet,  is  much  greater  than  the  head  under  which 
they  were  tested,  numerous  tube-float  measurements  of  flow  in  the 
canal  leading  to  the  mill  have  been  made  by  Mr.  Ferguson,  in  order 
to  determine  just  how  much  water  the  mill  used  under  different  con- 
ditions of  gate  openings.  In  addition  to  this,  during  1904  a  series  of 
current-meter  measurements  were  made  by  the  United  States  Geo- 
logical Survey  to  check  results  as  obtained  by  the  floats  and  to 
obtain  a  suitable  coefficient  for  use  with  the  float  measurements. 
It  is  believed  that  by  means  of  these  various  checks  on  the  measure- 
ments a  very  good  estimate  has  been  made  of  the  flow  through  the 
wheels. 

An  automatic  recording  gage  of  the  Frieze  type  is  installed  at 
Quakish  Lake  dam  and  flow  is  computed  by  the  formula  C=c6fti, 
in  which  c  is  a  variable  coefficient  obtained  (1)  from  the  results  of 
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weir  measurements  made  by  Mr.  Ferguson  on  a  10-foot  portion  of 
the  dam,  and  (2)  from  a  study  of  the  results  of  experiments  made  by 
George  W.  Rafter  at  the  Cornell  testing  flume. 

When  the  flow  of  the  river  is  less  than  2,500  second-feet  all  the 
water  is  generally  used  through  the  mill;  flow  over  the  flashboards, 
which  are  used  much  of  the  time,  is  computed  by  use  of  the  formula 
Q  =  3.33  6A«.  Quakish  Lake  dam  is  at  an  elevation  of  456.3  feet 
above  mean  sea  level,  as  determined  by  the  Penobscot  River  survey 
of  1904. 

Several  storage  dams,  including  the  North  Twin  dam  previously 
mentioned,  which  have  been  constructed  at  points  in  the  basin  above 
this  mill,  store  water  on  a  surface  of  about  65  square  miles,  with  ^ 
capacity  of  about  30  bilUon  cubic  feet.  Except  during  the  time 
(usually  in  August)  that  excess  water  has  to  be  suppUed  for  log  driv- 
ing on  the  river  below  Millinocket  and  for  a  short  time  in  the  spring 
the  run-off  is  regulated  by  storage.  Further  storage  capacity, 
suflScient  to  practically  control  the  run-off  from  the  drainage  area 
above  Millinocket,  is  contemplated  by  the  Great  Northern  Paper 
Company.  Millinocket  Lake  is  now  being  used  for  power  storage  at 
the  new  miUs  of  the  company  at  East  Millinocket  and  Dolby.  It 
has  been  utilized  for  log  driving  for  many  years  in  the  past. 

The  records  of  discharge  at  Millinocket  are  under  the  personal 
supervision  of  Mr.  Ferguson,  are  carefully  kept,  and  are  rated  as 
excellent.  No  difficulty  is  experienced  in  winter  on  account  of  ice 
affecting  the  estimates  of  discharge  or  the  running  of  the  wheels. 
Ferguson  Pond,  just  above  the  entrance  to  the  canal,  eliminates  effect 
from  anchor  ice. 

The  maximum  daily  discharge  since  the  beginning  of  the  records 
occurred  April  1  and  2,  1903,  and  was  a  flow  of  24,250  second-feet. 
The  minimum  weekly  discharge  at  this  point,  not  considering  periods 
when  water  was  not  in  use  at  the  mill,  was  291  second-feet,  occurring 
January  28  to  February  3,  1904. 

The  Millinocket  mill  of  the  Great  Northern  Paper  Company,  with 
nearly  25,000  horsepower  of  wheel  installation,  has  a  daily  output 
of  about  300  tons  of  pulp  and  300  tons  of  paper,  and  is  doubtless  the 
largest  mill  in  the  world.  At  East  MilUnocket  and  Dolby,  about  10 
miles  down  river,  are  other  mills  of  this  compan}^,  constructed  during 
1907,  and  utilizing  over  15,000  horsepower  of  wheels,  with  a  daily 
capacity  of  about  180  tons  of  pulp  and  130  tons  of  paper.  This 
is,  therefore,  an  important  district  in  the  manufacture  of  pulp  and 
paper. 
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Daily  discharge  in  aecand-feet  of  West  Branch  of  Penobscot  River  at  MiUinocket,  Me.,  for 

1907-8, 


iHy. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

13,220 
010,573 
8,443 

7,787 
7,616 

9,916 
8,567 
7,763 
«7,393 
7,986 

6,077 
5,706 
5,699 
5,916 
6,131 

05, 907 
6,280 
6,173 
6,273 
6,374 

4,704 
5,607 
02,743 
3,205 
6,861 

6,815 
6,965 
6,943 
7.307 
06, 824 

10,633 
12,498 
12,864 
12,326 
10,329 

9.626 
09.237 
8.926 

July. 

Aug. 

Sept. 

Oct. 

Nov.    Dec. 

1907. 
1 

2,067 
2,064 
2,068 
2,068 
2,066 

(.5) 
2,075 
2,066 
2,070 
2,067 

2,055 
2,040 
(a  6) 
2,002 
2,000 

2,000 

2,062 
(fl6) 

2,000 
2,000 
2,000 
2,000 
2,000 

2.002 
(ah) 
2,018 
2,023 
2,029 
2,019 

3,570 
3,545 
3,400 
3,435 
o2,482 

3,144 
3,160 
3,455 

2,018 
2,033 
(06) 
2,000 
2,000 

2,008 
2,006 
2,014 
2,006 
(flft) 

2,007 
2,000 
2,007 
1,741 
1,235 

1,262 
ol,008 
1,241 
1,241 
1,231 

1,244 
1,262 
1,265 
0753 
968 

819 
826 

968 

3,115 
ol,650 
2,341 
3,030 
3,108 

3,104 
3,093 
3.119 

849 
812 
0475 
804 
807 

488 
328 
328 
326 
0202 

337 
324 
328 
333 
320 

333 
0200 
337 
277 
314 

325 
321 
316 
ol93 
317 

323 
318 
320 
319 
317 
0197 

02.803 
3,049 
2,925 
2,244 
2,517 

3,164 
3,157 
o2,685 
2.899 
3,111 

3,169 
3.160 
3,135 
3,126 
02,686 

2.965 
3,129 
3,096 
3,167 
3,184 

3.060 
02, 851 
2.954 
3,135 
3,096 

3,106 
3.151 
3.147 
02,683 
2.938 
3.125 

324 
451 
667 
644 
1,028 

1,228 
o682 
1,124 
1,241 
960 

824 
1,096 
1,258 
0747 
1,497 

1,674 
1,668 
1,659 
1,656 
1,661 

o832 
1,847 
2,420 
2,518 
2,523 

2,450 
2.435 
(at) 
2,340 
2,331 

3,130 
3,105 
2,997 
2.753 

02. 556 

3,212 
3.692 
3,778 
3,689 
3,497 

3,421 
03,158 
3.470 
3,551 
3,363 

2,649 
2,59.5 
2,550 
02. 190 
2,577 

2.686 
2,869 
2.581 
2,421 
2,443 

02,201 
2.712 
2.821 
2.621 
2,619 

2,607 
2,619 
2,523 
2,740 
03,486 

4,470 
4,718 
4,713 
5,110 
4,378 

4,686 
04,459 
4,184 
4,819 
5,563 

7,727 
6,840 
7,778 
07,732 
7,355 

7.801 
7,376 
7,528 
7,943 
8,486 

012,208 
14,256 
12,952 
13,163 
13,671 
15,205 

2.680 
2,650 
o2,376 
2,431 
2,923 

3,049 
2.545 
2,575 
2.693 
010,835 

14,928 
17,370 
17.393 
17,396 
17,587 

18,706 
018,350 
16,831 
16.253 
16,299 

14.757 
13,501 
13.002 
012,794 
8,840 

6,472 
8,516 
8,434 

7,476 
7,272 
08,223 

6,923 
7,076 
7,323 
6,102 
6,146 

6,964 
06,425 
6,264 
6,852 
6,210 

4,868 
2,853 
4,260 
06,408 
6,401 

7,225 
6,895 
6,756 
5,674 
4,559 

04, 936 
4,521 
4,468 
4,406 
4,607 

3,939 
2,575 
02,210 
2.433 
2,675 
2,576 

4,016 
2.945 
2,870 
3,350 
03, 387 

3.781 
3.476 
2.935 

2,900 
3,825 
3,655 

4% 

5,696 
5,476 
5,143 
5,031 
4,618 

04,119 
3,914 
3,465 
3,060 
3,016 

3,191 
3,750 
03,756 
3,389 
3,138 

3,225 
3,205 
2,866 
2,800 
02,107 

3,233 
2.610 
2,620 
2,110 
2,110 
2,160 

6.172 
05.070 
2.489 
2.117 
2,179 

2,326 
2.619 
2.305 
02,2.50 
1,857 

2,096 
2,140 
2.387 
2,086 
2,193 

02.426 
2,370 
2.312 
2,362 
2,365 

2,426 
2,430 
o2,490 
2.310 

2,568 

2.508 
2,535 
2,678 
2,232 
02, 145 
1,753 

02,014 
2,008 
2.243 
2,197 
2,198 

2,182 
2,181 
02,000 
2,114 
2,192 

2,186 
2,180 
2,167 
2,182 
02,027 

2,043 
2,165 
2,170 
2,166 
2,164 

2,165 
02,000 
2,082 
2,170 
2,175 

2,259 
2,222 
2.173 
02,000 
2,105 

2,160 
2,175 
2.165 
2,178 
2,175 

o2,165 
1.991 
2,067 
2,205 
2,200 

2,025 
2.143 
02.077 
2,102 
2,048 

2,081 
1.623 
1,690 
1.669 
ol,940 

1.930 
1,946 
1.945 
2,016 
1,035 

1.976 
ol,926 
1,945 
1,755 
1,912 

2,160 
2,149 
2,154 
2,164 
2,164 

02,001 
2,011 
2,185 
2,173 
2,179 

2,190 
2.185 
(oft) 
2,000 
2,155 

2,165 
2,164 
2,171 
2,176 
03,061 

7,726 
8,113 
4,765 
2,172 
2,162 

2,174 
(a  6) 

(&) 
2,218 
2,537 
2,447 

1 
2,179  ,o7,0« 

2 

2,171     7,655 

3 

(6)       6.300 

4 

3.088     5.591 

5 

2,880  '  4.669 

6 

3,370 
2,917 

3,450 

7 

2.680 

8 

3,682  02. 600 

9 

6,641 
07, 318 

7,787 
8,671 
8,454 
8;434 
8,608 

8,518 
08,373 
9,006 
9,066 
9,057 

9.057 

2,605 

10 

3,400 

11 

2,750 

}i:;:::;::::::.: 

4.927 
4.834 

14 

2,850 

15 

16 

03,350 
5.150 

17 

5.000 

18 

5,076 

19 

5.076 

20 

5,020 

21 

6.020 

22 

9,G30  «4.ftM 

23 

8.796 
08,886 
9,201 

8,976 
0,018 
9.000 

4,963 

24 

4,034 

25 

4,963 

36 

4,852 

27 

4,810 

28 

4  7.11 

29 

8,416  02!  492 

30 

8,068 

2.616 

31 

4,686 

1908. 
1 

i::::":::"::' 

3 

4.  ..            .     .. 

5 

6 

7  ... 

..  .. 

8 

9  . 

3,367  ol,660 
3,474     2,346 

3.427     3.052 

9,193     3,950 
9,326     6.005 

10 

11 

9.481 
9,462 
8.724 
o7,030 
5,890 

4,061 
4.640 
4,510 
4,490 
4,505 

04.331 
3,600 

4,841 
4.449 

2,885 

3.170 
3,123 
03.482 
5.228 
4,498 

3,917 
03, 606 
3,430 
3,994 
3,975 

4,065 
4.767 
4,721 
05, 060 
4,334 

4.661 
3,120 
3,072 
2.485 
2,610 

02.632 
2,955 
4,078 
4,370 
4.873 
5,100 

12 

o2,878 
3.231 
3,449 
3,519 

3,524 
3,487 
3,408 
02.772 
2,437 

3  072 

3,042 
3,081 
2.945 
2,949 

o2,505 
2,722 
2.937 
2,934 
2,961 

a  Ifti 

13 

1 

14 

.  ...1 

15 

16 

1 

17 

18 

19 

20 

21 

22 

3;il7  1  3'.  146 
3,147   a2.fi.^'i 

1 

23                   

24 

3.004 
3,034 

0I.6OO 
2,395 
3,039 
3,112 
3.126 
3,120 

2.8.52 
3,098 

3.102 
3,103 
3,117 
3,195 

r" 

25                   ..   . 

26 

27 

28 

29 

30  . 

31 



o  Sunday.  ^  Records  incomplete. 

Note. — Owing  to  incompleteness  of  records  on  missing  days  during  1907-^  the  dladtiarge  could  not  be 
computed. 
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Monthly  ducharge  of  West  Branch  of  Penobscot  River  at  Millinockett^  Me. ,  for  1907-8. 
[Drainage  area,  1,880  square  miles.] 


Month. 


January  (25  days). 
February  (20  days) . . 

March 

April  (29  days) 

June 

July 

August  (30  days) 

September 

October  (28  days).... 
November  (29  days) . 
December 


1907.a 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


2,060 
2,030 
849 
2,520 
15,200 
13,200 
7,320 
6,700 
2,260 
8,110 
9,200 
7,940 


The  year. 


15,200 


January... 
February. , 

March 

AnrU 


ig08.» 


W 

June 

July 

August 

September. 

October 

November.. 
December.. 


3,570 
3,200 
3,180 
3,780 
18,700 
12,900 
5,100 
5,170 
2,200 


The  year. 


18,700 


2,000 

753 

193 

324 

2,510 

2,740 

2,210 

2,110 

2,000 

2,000 

2,170 

2,490 


193 


1,600 
1,650 
2,240 
2,190 
2,380 
2,880 
2,480 
1,750 
1,590 


Mean. 


Per 
square 
mile. 


2,030 
1,510 
380 
1,440 
7,060 
6,930 
5,210 
3,480 
2,140 
2,710 
7,190 
4,510 


1.08 

.803 

.202 

.766 

3.76 

3.69 

2.77 

1.85 

1.14 

1.44 

3.83 

2.40 


3,720  I        1.98 


3,130 
2,860 
2,990 
2,930 
10,200 
6,910 
3,790 
2,490 
2,000 
2,000 
2,000 
2,000 


1.66 
1.52 
1.59 
1.56 
5.43 
3.68 
2.02 
1.32 
1.06 
1.06 
1.06 
1.06 


3,610  i        1.92 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


1.24 

.84 

.23 

.85 

4.34 

4.12 

3.19 

2.13 

1.27 

1.66 

4.27 

2.77 


26.91 


1.91 
1.64 
1.83 
1.74 
6.26 
4.11 
2.33 
1.52 
1.18 
1.22 
1.18 
1.22 


26.14 


•  For  purposes  of  comparison  with  other  stations  the  annual  discharge  for  1907  has  been  computed  on 
the  assumption  that  no  difference  exists  between  the  mean  discharge  for  partial  months  as  given  above 
and  the  true  mean  discharge  for  the  same  months  with  full  number  ofdays. 

The  mean  discharge  for  the  partial  months  as  given  above  is  in  most  cases  in  excess  of  the  actual  dis- 
charge for  the  full  month,  owing  to  storage  of  water  during  the  days  when  the  records  were  incomplete. 
The  annual  discharge  is  probablv  about  1  or  2  per  cent  in  excess  from  this  cause. 

ft  Owing  to  inaccurate  records  the  discharge  is  only  approximate  during  October,  November,  and  Decem- 
ber, 1906. 
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PENOBSCX)T  EIVER   AT   WEST   ENFIELD,   ME. 

This  station,  which  has  been  maintained  to  obtain  data  regarding 
the  total  flow  of  the  Penobscot,  was  established  November  5,  1901, 
and  prior  to  1904  was  designated  as  being  at  Montague,  Me.  In  1904 
the  name  of  this  village  was  changed  to  West  Enfield.  It  is  located 
at  the  steel  highway  bridge  about  1,000  feet  below  the  mouth  of 
Piscataquis  River.  There  is  a  dam  on  Piscataquis  River  near  its 
entrance  into  the  Penobscot,  and  about  a  mile  above  the  station  is 
the  dam  of  the  International  Paper  Company,  on  the  main  river. 
During  low  water  considerable  daily  fluctuations  in  gage  height  occur, 
due  to  the  variations  in  wheel  gate  openings  at  the  miUs  above. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  During  the  winter  months  the  discharge  is 
affected  by  ice.  Conditions  for  obtaining  accurate  dischai^  data  are 
good,  and  a  fairly  good  rating  curve  has  been  developed. 

The  regimen  of  flow  of  Penobscot  River  has  been  considerably 
affected  by  storage,  principally  in  the  lakes  tributary  to  the  West 
Branch,  since  about  1900. 

Discharge  meamrements  of  Penobscot  River  at  West  Enfield^  Me.,  in  1907-8. 


Date. 

Hydrograpber. 

Width. 

Area  of 
secUon. 

hel^t. 

charge. 

1907. 
September  25. . 

Do 

University  of  Maine  student  under  direction  of 

Prof.  U.  S.  Boardman. 
do 

Feet. 
850 

850 
845 
835 
835 
850 
850 
865 
865 
800 

650 
650 
591 
591 
591 
660 
660 
660 
675 
675 
675 
660 
660 
660 
645 
645 
788 
795 

aq.ft. 

4,540 

4.570 
3,050 
4.100 
3.890 
4.750 
4.620 
6,500 
6.310 
3,090 

2.380 
2,510 
1,990 
1.880 
1,970 
2.470 
2.490 
2,430 
2,550 
2,530 
2,640 
2,450 
2,520 
2,530 
2.370 
2,330 
3.100 
3.300 

Fett. 

4.60 

4.60 
4.25 
4.00 
4.00 
4.85 
4.85 
6.55 
6.55 
3.50 

2.20 
2.20 
1.52 
1.52 
1.62 
2.30 
2.30 
2.30 
2.50 
2.50 
2.50 
2.30 
2.30 
2.30 
2.14 
2.14 
2.96 
2.99 

See.-Zi. 
9,610 

9.330 
8.360 
7,020 
7,490 

September  28. . 
Octobers 

do 

do 

Do 

do 

Octol>er5 

do 

10  100 

Do 

do 

0,910 

Octol)€rll 

...do 

17  000 

Do 

do 

16,900 

October  21 

do 

7,040 

1908. 
September  26.. 
Do 

do 

3,360 
3.530 

do 

September  30. . 
Do 

do 

2,320 

.do 

2,060 

Do 

do 

2,090 

Octol>er3 

do 

3,730 

Do 

do 

3.580 

Do 

do 

3.590 

October  7.!... 

....do 

3.970 

Do 

do 

3.960 

Do    ... 

...do 

3,990 

October  15 

do 

3,650 

Do.  ... 

....do 

3.760 

Do 

.do    .                      

3  540 

Octol)er  21 

do 

3,270 
3.230 

Do 

do 

Novemt)er  3  . 

....do 

5,380 

Do 

do 

5,370 
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Daily  gage  height  y  in  feet,  ofPenohKot  River  at  We^t  Enfield,  Me,,  for  19C7-S, 

[A.  H.  Hanson,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1907. 
1                 ...  . 

6.9 
7.2 
7.05 

16.6 

17.1 

16.25 

14.65 

13.85 

12.95 

12.15 

11.7 

11.35 

10.85 

10.0 
9.45 
9.1 
8.85 
8.7 

8.8 
8.75 
9.25 
9.76 
10.15 

9.65 
9.15 
8.65 
8.35 
8.35 

8.05 

7.85 

8.5 

8.85 

9.15 

8.8 

8.66 
8.35 
8.0 
7.75 
7.55 

7.6 
8.76 
8.55 
8.45 
8.6 

8.2 
7.5 
6.9 
6.5 
6.26 

6.05 
6.9 
5.95 
5.85 
5.7 

5.6 
5.35 
4.9 
5.05 
5.85 

6.8 
7.25 
9.25 
9.35 
9.15 

9.76 
10.95 
10.5 
10.2 

9.6 

8.65 

8.2 

7.75 

7.4 

7.2 

7.06 
6.85 
6.45 
5.8 
5.65 

5.5 

5.45 

5.4 

5.25 

5.0 

5.1 

5.2 

5.25 

4.95 

4.8 

4.9 

4.75 

4.4 

4.15 
4.45 

8.9 
9.3 
9.45 
8.85 
8.46 

8.45 

7.65 

7.2 

7.1 

7.06 

6.86 
6.55 
6.36 
6.2 
6.16 

6.45 
6.45 
6.9 
5.45 
5.15 

6.15 

5.6 

6.4 

5.6 

5.55 

6.9 

6.35 

6.5 

6.16 

5.85 

5.8 

4.4 

4.25 
3.7 
3.4 
3.16 

3.35 

3.5 

3.66 

4.2 

4.6 

4.3 
4.15 
4.0 
4.25 
4.0 

4.35 
4.46 
4.55 
4.5 
4.6 

4.9 
4.55 
4.35 
4.15 
4.0 

3.85 
3.8 
4.0 
3.9 
3.8 
3.85 

6.7 

5.86 

6.1 

5.6 

5.36 

6.16 

7.0 

7.1 

6.6 

5.85 

5.4 

6.1 

6.05 

4.96 

4.8 

4.7 

4.66 

4.6 

4.66 

4.6 

4.4 

4.2 
3.95 
4.3 
4.06 

3.95 
4.0 
3.9 
3.8 
3.76 
8.66 

3.86 

3.7 

3.3 

3.06 

2.8 

2.86 

3.4 

3.5 

3.4 

3.35 

3.25 
3.15 
3.05 
2.95 
3.25 

3.45 

3.7 

3.75 

3.95 

4.05 

3.8 

3.75 

3.5 

3.25 

3.4 

3.35 
3.35 
3.36 
3.3 
8.2 
3.2 

8.46 

3.3 

8.4 

3.55 

4.06 

5.15 

6.35 

4.9 

4.5 

4.35 

3.96 
4.06 
4.25 
4.0 
3.76 

3.6 
3.5 
3.5 
8.4 
3.3 

3.45 
8.25 
3.15 
3.55 
4.46 

4.8 

4.7 

4.26 

8.86 

3.95 

3.25 
3.26 
3.35 
3.36 
3.36 

3.45 
8.25 
3.0 
8.0 
2.9 

2.75 

2.6 

2.7 

2.75 

2.75 

2.85 

2.7 

2.6 

2.45 

2.5 

2.4 
2.3 
2.2 
2.2 
2.3 

2.15 
1.45 
1.05 
1.25 
1.6 

4.2 
4.1 
4.1 
4.4 
4.66 

4.4 

4.25 
4.46 
6.66 
7.0 

6.46 
6.66 
6.3 
6.2 
6.1 

6.1 

4.95 

4.66 

4.1 

3.7 

3.6 

3.46 

3.76 

3.66 

3.9 

3.95 
4.16 
4.26 
4.36 
6.6 
6.8 

L6 

2.15 

2.8 

2.46 

2.6 

2.6 
2.6 
2.4 
2.3 
2.2 

2.1 
2.2 
2.2 
2.3 
2.2 

2.3 

2.3 

2.2 

2.15 

2.2 

2.2 

2.1 

2.1 

1.95 

1.55 

1.4 
1.9 
2.54 

2.88 
2.74 
2.78 

6.1 

6.9 

6.66 

7.35 

7.46 

7.0 
7.46 
11.2 
10.96 
10.2 

9.8 

9.4 

9.1 

8.75 

8.6 

8.1 

7.75 

7.46 

7.25 

7.1 

7.0 

6.85 

6.75 

6.7 

6.65 

6.76 
6.9 
6.9 
6.8 
6.7 

2.78 
2.66 
2.72 
2.66 
2.76 

2.70 
2.55 
2.40 
2.11 
2.14 

2.46 
2.51 
2.66 
2.57 
2.62 

2.37 
2.45 
2.66 
2.66 
2.71 

2.64 
2.38 
2.03 
2.35 
2.40 

2.37 
2.67 
2.94 
2.86 
2.77 

6.65 

2     

6.3 

3 

6.1 

4     

1 

7.06 

6.1 

5 

7.25 

7.55 
8.0 
8.2 
8.25 
8.15 

7.75 
7.6 
7.5 
7.65 
7.85 

8.3 
8.6 
8.0 
8.1 
8.06 

8.3 
8.3 
8.55 
10.15 
12.25 

12.9 
13.3 
13.7 
15.06 
15.75 

6.9 

6 

6.35 

7            

4.45 

8        

4.26 

9                  ...  - 

4.1 

10 

1 

4.7 

11            

8.36 

12 

10.6 

13          

9.45 

14 

8.25 

16          

7.28 

16 

7.6 

17.            

7.7 

18 

7.66 

19.            

7.36 

20 

6.5 

21 

5.9 

22 

5.66 

23              

5.36 

24 

6.56 

25                     

6.7 

26                      .   . 

6.85 

27          

6.9 

28 

6.55 

29          

6.76 

30            

6.2 

6.46 

31 

5.1 

1906. 
1 

6.1 

6.1 

6.85 

5.65 

5.45 

5.2 

4.85 

4.7 

4.75 

5.4 

5.15 

4.85 

4.55 

4.5 

4.95 

5.25 
5.6 
5.85 
5.85 

8.4 

13.15 

2.85 

2 

8.1 
7.55 
7.8 
7.4 

6.7 
6.4 
6.4 
6.5 
6.4 

6.5 
6.4 
6.5 
6.5 
6.5 

6.7 
7.0 
6.9 

14.4 

14.0 
13.45 
12.5 

12.0 
11.25 
10.6 
10.3 
ll.O 

11.6 
11.8 
12.2 
11.75 
11.2 

10.8 
10.8 
10.  fl 

2.96 

3 

2.64 

4       

2.90 

6 

6 

7 

3.1 

8 

9            

10          

11          

12 

13                    

14 

3.3 

15              

16                  

3.9 

17          

8.8 

18                 

3.9 

19          

6.75  '  10.6 
6.55  j  10.2 

6.5         9.6 
6.4    1    8.8 
6.55  '    8.5 
7.25  t    8.25 

3.8 

20 

3.8 

21          

3.9 

22 

3.8 

23          

3.7 

24    

3.6 

25          

8.1 

8.6 
9.75 
11.7 
13.3 
13.25 

7.9 

7.6 
7.7 
7.8 
7.6 
7.5 
7.85 

8.6 

26          

1 

3.5 

27 

8.6 

28          

8.8 

3.7 

29 

8.9 
8.85 
8.45 

8.6 

ao        

8.6 

Jl 

3.7 

Note.— River  frozen  January  1  to  April  22,  1907,  and  from  January  20  to  March  27,  and  December  4  to 
81, 1908.  River  open  at  the  gage,  A prll  1  to  22, 1907.  Gage  readings  December  7  to 31, 1908,  to  water  surface 
la  »  bole  cat  In  the  Ice. 
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SUBFACE  WATER  SUPPLY,  1907-8. 
Rating  table  for  Penobscot  River  at  Weet  Enfield,  Me,,  for  1901-1908. 


hel^t. 

DIs.      1 
charge. 

See.'ft. 
1,630 

hSgSTt. 

Dis- 
charge. 

1   Oage 
i  height. 

Dis- 
charge. 

hei^t. 

Feet, 
&60 

Dis- 
charge. 

Feet. 
1.00 

Feet. 
2.60 

8ec.-ft. 
3,920 

Feet. 
3.90 

n& 

8ec.-fl. 
16,650 

1.10 

1,710 

2.60 

4,130 

4.00 

7,620 

&80 

17,390 

1.20 

1,810 

2.70 

4,340 

4.20 

8,210 

7.00 

18,260 

i.ao 

1,930 

2.80 

4,560 

4.40 

8,810 

&00 

23,200 

1.40 

2,060 

2.00 

4,790 

4.60 

9,430 

9.00 

29,000 

l.SO 

2,200 

3.00 

5,020 

4.80 

10,070 

laoo 

35,450 

L60 

2,360 

8.10 

6,260 

6.00 

10,720 

11.00 

42.350 

1.70 

2,600 

8.20 

5,600 

6.20 

11,380 

12,00 

40.750 

1.80 

2,660 

8.30 

6,740 

6.40 

12,060 

13.00 

57,600 

1.90 

2,830  1 

3.40 

5,990 

6.60 

12,760 

14.00 

65,600 

2.00 

3,000 

3.60 

6,240 

5.80 

13,460 

l&OO 

73,800 

2.10 

3,170 

3.60 

6,500 

6.00 

14,200 

l&OO 

82,100 

2.20 

3,360 

3.70 

6,770 

6.20 

14,960 

17.00 

90,500 

2.30 

3,530 

3.80 

7,060 

&40 

16,740 

l&OO 

09,000 

2.40 

3,720 

Note.— The  above  table  supersedes  all  ratlnss  prevloasly  published  for  this  station.  It  Is  not  appUoable 
for  ice  or  obstructed-channel  conditions.  It  Is  based  on  68  discharge  measurements  made  during  1901-1908, 
and  is  well  defined. 

Monthly  discharge  of  Penobscot  River  at  West  Enfield,  Me.,  for  1907S. 
[Drainage  area,  6,600  square  miles.*) 


Month. 


Discharge  In  second-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-off 
(depth  in 
Indies  on 
drainage 

ares). 


racy. 


January.... 
February.. 

March 

April 

M»y 

June 

July 

August 

September. 

October 

November. 
December.. 


1907. 


80,000 
91,400 
31,200 
31,800 
18,700 
11,900 
18,300 
43,800 
39,600 


22,400 
10,400 
11,200 
6,630 
5,380 
6,120 
13,800 
7,910 


6,820 

3,960 

2,930 

17,600 

40,200 

19,900 

17,600 

10,800 

7,580 

10,100 

22,400 

16,800 


1.03 
.600 
.444 

2.67 
6.10 
3.02 
2.67 
1.64 
1.15 
1.53 
3.39 
2.55 


1.19 
.62 
.51 
X96 
7.03 
8.87 
3.06 
LS9 
1.28 
1.76 
8.78 
2.04 


The  year. 


91,400 


14,700 


2.23 


3a  43 


January 

February.. 

March 

April 

May 

June 

July 

Augxist 

September. 

October 

November. 
December. . 


1908. 


14,600 


28,400 

60,000 

68,900 

42,000 

10,400 

7,760 

6,120 

4,740 

4,880 


15,700 
20,600 
8,060 
5,380 
4.560 
1,670 
2,060 
3,050 


11,300 
10,400 
11,200 
22.600 
39,400 
17,800 
7,900 
6,000 
4.220 
3,450 
4.040 
3,960 


1.71 
1.68 
1.70 
3.42 
5.97 
2.70 
1.20 
.900 
.630 
.523 
.612 
.600 


1.07 

L70 

1.06 

8.82 

6.88 

S.01 

L38 

1.05 

.71 

.60 

.66 

.60 


The  year. 


68,900 


11,900 


1.80 


24.45 


a  Includes  Chamberlain  Lake  drainage,  270  square  miles. 

Note.— Estimates  of  discharge  during  winter  periods  1907-8  taken  as  the  sum  of  the  four  stations  above 
West  Enfield,  viz:  MiUinocket,  (irindstone,  Mattawamkeag,  and  Foxcroft,  plus  an  inflow  below  these  four 
stations  and  above  West  Enfield.  The  rate  of  inflow  per  square  mile  was  assumed  to  be  about  equiTaknt 
to  the  average  rate  of  Foxcroft  and  Mattawamkeag  for  the  period  in  question. 
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EAST   BRANCH  OP  PENOBSCOT  RIVER   AT   GRINDSTONE,  ME. 

The  East  Branch  of  the  Penobscot  origmally  had  its  headwaters 
in  Webster  and  East  Branch  streams  in  the  north  central  part  of 
Maine,  but  since  1845  about  270  square  miles  of  additional  territory, 
draining  to  Chamberlain  Lake,  have  contributed  in  part  to  the  flow 
of  this  stream,  as  explained  in  more  detail  under  the  description  of  the 
St.  John  drainage  basin.  The  basin  of  the  East  Branch,  which,  includ- 
ing the  270  square  miles  of  the  St.  John  area,  comprises  an  area  of 
1,100  square  miles,  is  completely  forested  and  largely  wild,  has  much 
undeveloped  water  power,  and  affords  excellent  opportunities  for 
water  storage. 

The  gaging  station,  which  has  been  maintained  to  obtain  data 
regarding  the  total  flow  of  the  river,  was  established  October  23, 
1902,  at  the  Bangor  and  Aroostook  Railroad  bridge,  one-half  mile 
south  of  the  railroad  station  at  Grindstone.  It  is  about  8  miles 
above  the  junction  of  the  East  Branch  with  the  Penobscot  at  Med- 
way.  No  water  power  is  used  on  the  river  above  the  station,  but 
dams  are  maintained  at  the  outlet  of  several  of  the  lakes  and  ponds 
near  the  source  of  the  river,  and  the  impounded  water  is  used  for 
log  driving. 

The  datum  of  the  gage  has  remained  the  same  during  the  main- 
tenance of  the  station.  The  discharge  is  affected  by  ice  during  the 
winter  months,  and  in  the  log-driving  season  jams  at  the  station  and 
at  Grindstone  Falls  immediately  below  are  liable  to  materially 
vitiate  the  published  results  of  discharge.  Conditions  for  obtaining 
accurate  discharge  data  are  good,  except  at  low  stages,  when  the 
current  becomes  very  sluggish.  A  good  rating  curve  has  been  devel- 
oped, although  more  measurements  are  required  at  extreme  low  and 
extreme  high  stages. 

Discharge  measurejnents  of  East  Branch  of  Penobscot  River  at  Grindstone ^  Me.,  in  1908, 


Date. 


Hydrograpber. 


Width 


Area  of 
section. 


Oaee 
tielght. 


Dis- 
charge. 


February  21« . . 

April  23 

Octobers 

October  31 

December  2 — 


F.  E.  Preaoey 

....do 

....do 

Wood  and  French. 
F.  E.  Preaaey 


Feet. 
258 
260 
241 
249 


Sq.ft. 
1,650 
1,810 
1,370 
1,400 
1,480 


Feet. 
6.83 
6.16 
4.56 
4.69 
6.  IS 


See.'ft. 

1,340 

1,950 

393 

433 

733 


a  Gage  height  to  top  of  ice,  6.83  feet.    Average  thickness  of  ice,  1.6  feet. 
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SURFACE   WATER  SUPPLY,   1907-«. 


Daily  gage  hdghi^  infeet^  of  East  Branch  of  Penobscot  River  at  OrxndsUme^  Mc^forldC^S, 

[J.  B.  ChamberlalD,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au,. 

Sept. 

Oct 

Nov. 

Dec 

igo7. 
1 

4.4 
4.4 

4.35 
4.35 
4.3 

4.3 
4.3 
4.3 
4.3 
4.8 

4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.3 
4.3 
4.3 
4.35 

6.05 

6.3 

6.5 

6.55 

6.45 

6.35 

6.25 

6.2 

5.95 

5.95 

5.95 
5.95 
6.85 
5.85 
5.85 

5.85 

5.85 

5.85 

5.5 

5.35 

5.25 
5.05 
4.95 
4.95 
4.95 

4.95 
4.95 
4.95 
4.95 
4.95 
4.95 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 

t\ 

4.4 
4.4 
4.4 
4.4 

4.4 

4.4 
4.4 
4.4 

4.95 
4.9 

4.85 
4.85 
4.85 

4.85 
4.85 
4.85 
4.85 
4.85 

4.85 
4.85 
4.85 
4.95 
5.15 

5.35 
5.75 
5.95 
6.25 
6.45 

6.7 

6.85 

6.85 

6.85 

6.85 

6.85 
6.85 
6.85 
6.85 

4.4 
4.4 
4.4 
4.4 

4.45 

4.5 
4.6 
4.5 
4.6 
4.5 

4.5 
4.5 
4.5 
4.5 
4.5 

4.5 
4.5 
4.6 
4.5 
4.5 

4.6 
4.6 
4.5 
4.6 
4.6 

4.6 
4.6 
4.6 
4.6 
4.6 
4.6 

6.8 

6.65 

6.4 

6.35 

6.35 

6.35 
6.35 
6.35 
6.45 
6.45 

6.45 
6.45 
6.45 
6.45 
6.45 

6.45 
6.43 
6.6 
6.65 
6.65 

6.65 
6.75 
6.75 
6.75 
6.75 

6.85 
6.85 
6.85 
6.85 
6.85 
6.85 

4.6 
4.6 
4.6 
4.6 
4.6 

4.6 
4.6 
4.7 
4.7 
4.7 

4.7 
4.7 
4.7 
4.0 
5.1 

5.2 

6.26 

5.3 

5.3 

6.3 

6.4 

6.45 

6.6 

6.75 

6.4 

7.9 
9.0 
9.55 
10.1 
11.6 

6.85 

6.8 

6.45 

6.35 

6.45 

6.45 

6.55 

6.55 

6.6 

6.65 

6.65 

6.15 

6.1 

5.85 

5.85 

5.85 

6.05 

6.6 

6.7 

6.7 

6.75 
6.75 
6.45 
6.5 
7.0 

8.75 
8.95 
9.55 
10.05 
9.8 

12.06 
12.15 
11.4 
10.5 
9.95 

0.66 

9.3 

0.6 

0.6 

0.66 

0.6 

0.76 

0.86 

0.8 

9.76 

10.0 
0.06 
10.45 
10.7 
10.^ 

0.06 
0.8 
9.6 
0.6 
9.46 

0.6 

0.36 

9.1 

9.0 

0.15 

0.15 

0.4 
11.05 
10.6 
10.0 

0.85 

0.4 

9.2 

9.05 

9.25 

0.35 

0.2 

8.0 

7.9 

8.25 

8.3 

8.35 

8.2 

8.2 

8.25 

8.2 

7.25 

7.7 

7.3 

6.95 

7.7 

8.4 

8.2 

8.45 

8.25 

8.05 

0.3 

0.4 

0.6 

0.46 

0.46 

0.26 

0.1 
8.0 
8.8 
8.6 
8.26 

7.06 

7.85 

7.66 

7.8 

7.8 

7.6 
7.3 
7.2 
7.1 
7.0 

7.3 

7.46 

7.5 

8.05 

8.46 

8.6 

8.76 

8.95 

0.26 

0.1 

0.75 

8.5 

8.15 

8.0 

7.66 

7.5 

7.05 

6.8 

6.85 

6.8 

6.75 

6.7 

6.65 

6.55 

6.35 

6.15 

6.4 

6.05 

5.95 

6.15 

6.35 

6.3 

6.05 

5.9 

5.6 

6.4 
6.7 
6.7 
6.7 
6.75 

9.0 

8.06 

8.75 

8.6 

8.66 

8.3 
8.0 
7.0 
7.8 
7.0 

7.6 

7.46 

7.66 

7.4 

7.2 

6.05 

6.7 

6.55 

6.16 

5.5 

5.1 

4.0 

5.85 

6.25 

6.1 

6.0 

6.8 

6.26 

6.7 

7.0 

6.75 

6.2 

6.55 

4.9 

4.0 

4.05 

6.06 

6.06 

7.2 

7.2 

6.8 

7.1 

7.2 

6.55 

5.75 

7.3 

7.45 

7.35 

7.35 

7.3 

7.15 

7.05 

7.5 

7.55 

6.9 

6.3 

6.15 

6.0 

5.8 

6.75 

5.65 

5.6 

6.7 

6.6 

6.66 

6.26 

6.06 

6.7 

6.66 

6.1 

4.06 

6.1 

6.3 

6.46 

6.75 

6.0 

6.96 

6.26 
6.46 
6.66 
6.65 
6.4 

6.16 

6.0 

6.66 

6.6 

6.6 

6.7 

6.9 

5.06 

5.76 

6.6 

6.36 

6.66 

6.46 

6.36 

6.3 

6.26 

6.6 

6.5 

5.35 

6.0 

4.7 

4.6 
4.6 
4.6 
6.7 
5.46 

5.1 

4.95 

5.15 

5.55 

5.2 

5.0 

4.85 

4.0 

6.46 

6.0 

6.0 

6.8 

6.65 

6,25 

4.85 

4.66 

6.26 

6.1 

6.25 

6.66 

6.06 

6.8 

6.66 

6.46 

6.36 

6.2 

6.16 
6.15 
6.06 
6.06 
5.1 

6.06 

4.06 

4.86 

4.0 

4.06 

4.06 

4.06 

6.06 

6.1 

6.15 

6.26 

6.26 

6.26 

6.2 

4.0 

4.66 

4.6 

4.66 

4.46 

4.46 

4.46 
4.46 
4.46 
4.36 
4.35 

5.3 

6.65 

6.46 

5.4 

6.2 

5.1 

4.96 

6.05 

6.05 

4.75 

4.65 
4.55 
4.45 
4.36 
4.36 

4.36 
4.36 
4.36 
4.25 
6.76 

4.86 

4.75 

4.75 

4.8 

4.85 

4.0 

6.0 

6.15 

5.35 

6.65 

6.7 

6.65 

5.65 

6.3 

6.1 

4.05 
4.85 
4.85 
4.85 
4.85 

4.0 

6.05 

6.16 

6.1 

6.0 

4.06 

4.06 

4.06 

4.86 

4.0 

4.06 

6.66 

6.6 

4.7 

4.66 

4.65 

4.6 

4.45 

4.4 

4.3 

4.26 

4.4 

4.7 
4.6 
4.6 
4.35 

4.25 

4.2 

4.2 

4.2 

4.2 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 

4.4 

6.1 

4.76 

4.7 

4.6 

4.05 

4.06 

6.6 

6.66 

7.4 

8.1 

8.86 

0.15 

0.45 

0.4 

8.06 

8.7 

8.2 

7.46 

6.66 

6.06 

6.8 

6.06 

6.05 

6.15 

6.35 
6.35 
6.36 
6.36 
6.36 

6.46 
6.65 
6.66 
6.36 
6.36 

4.6 
4.6 
4.6 
4.6 
4.4 

4.4 
4.3 
4.3 
4.4 
4.36 

4.46 

4.6 

4.7 

4.6 

4.6 

4.65 
4.65 

6.35 

2      

6.35 

3 

&45 

4 

6.46 

5 

6l45 

6 

6.55 

7  

6.56 

8 

6l55 

9 

&66 

10 

6.75 

11 

7.25 

12 

0.4 

13             ..       .   . 

0.05 

14 

8.75 

15 

8.66 

16 

8.06 

17 

7.66 

18 

6.9 

IV 

6.85 

20 

6.6 

21 

6.56 

22 

6.5 

23 

6.45 

24 

&1 

25               

5.06 

26 

6.S 

27 

6.65 

28          

6.56 

29 

6.6 

30 

6.45 

31 

6.4 

1908. 

4.05 

2 

6.0 

3 

4 

4.45 

5 

6 

7 

8 

9 

10 

4.06 

11 

12 

13 : 

14 

4.0 

15 

16 

17 

3.06 

18... 

19 

20. 

21.... 

22 

U.l 

3.85 

23. 

24 

25 

26 

6.26 

6.4 

6.05 

6.3 

6.1 

3.85 

27 

28 

29 

3.76 

30 

31 

Note.— River  frozen  January  1  to  April  23, 1907,  about  January  3  to  April  22,  November  17  to  25,  and 
December  3  to  31 ,  1908.  During  1907  gage  heights  are  to  the  top  of  the  ice,  except  during  March,  when  there 
was  a  considerable  depth  of  water  on  the  ice.  During  1908  gage  heights  were  taken  to  water  surface  In  a 
hole  cut  in  the  ice.  During  May  and  June,  1907,  the  gage  heights  were  afleoted  by  •ccumulatioDi  of  lofi 
at  the  bridge  and  below. 
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Rating  table  far  East  Branch  of  Penobscot  River  at  Grindstone,  Me,,  for  1902-1908. 


DIs-     1 
charge.  1 

Fett. 

See.-ft, 

4.10 

210 

4.20 

240 

4.ao 

276 

4.40 

316 

4.50 

360 

4.60 

406 

470 

455 

4.80 

510 

490 

570 

6.00 

630 

6.10 

700 

5.20 

775 

6.30 

866 

5.40 

940 

6.60 

1,030 

Gage 


Dis- 


height.    charge. 


Feet. 
&60 
6.70 
6.80 
6.90 
6.00 
6.10 
&20 
6.30 
&40 
&50 
&60 
6.70 
&80 
6.90 
7.00 


See.-ft. 
1,130 
1,236 
1,845 
1,460 
1,680 
1,705 
1,840 
1,980 
2,130 
2,285 
2,446 
2,610 
2,780 
2,955 
8,130 


hS^t. 

Dis- 
charge. 

Oace 
height. 

Dls- 
charge. 

Feet. 

Sec.'ft. 

Feet. 

See.'fl. 
8,380 

7.10 

3,310 

9.20 

7.20 

3,496 

9.40 

8,980 

7.30 

3,685 

9.60 

9,580 

7.40 

3,880 

9.80 

10,180 

7.60 

4,080 

laoo 

10,780 

7.60 

4,285 

ia20 

11,380 

7.70 

4,495 

ia4o 

12,000 

7.80 

4,710 

laeo 

12,620 

7.90 

4,930 

laso 

13,240 

&00 

5,155 

11.00 

13,860 

8.20 

6,620 

12.00 

16.960 

8.40 

6,110 

laoo 

20,160 

&60 

6,630 

8.80 

7,190 

9.00 

7,780 

Nora.— The  above  rating  supersedes  all  ratings  previously  published  for  this  station.    The  table  is  not 

-"(Oable  for  ice  or  obstructec'   " *    — ^—  --     "^ '-  '-— -•  —  ^•--*- * "-  -»-- ' — 

1908  and  is  well  defined. 


appUoable  for  ice  or  obstructed-channel  conditions.    It  is  based  on  discharge  measurements  made  during 


Monthly  discharge  of  East  Branch  of  Penobscot  River  at  Grindstone,  Me.,  for  1907-8. 
[Drainage  area,  1,100  square  miles.a] 


Month. 


January.. 
February. 
March.... 

April 

May 

Jane 


19076. 


July. 

August 

September. 

October 

November. 
December.. 


The  year. 


January.... 
February.., 

March 

April 

Mjo^.: 

June 

July 

August 

September. 

October 

November. 
December.. 


Discharge  In  second-feet. 


The  year. , 


15.700 
17,400 


7,780 
2,610 
1,640 
1,240 
9,130 
8,980 


17,400 


1,980 
1,340 


10,900 

14,000 

10,000 

4,180 

1,580 

1.290 

1,180 

1.180 

630 

14,000 


Minimum. 


570 
600 
540 
482 
600 
940 


3.040 
1,130 
570 
360 
258 
210 
275 


M«m. 


800 

350 

300 

1.970 

8,000 

5,000 

3,600 

1.500 

797 

684 

3,450 

2,970 


2,450 


928 

688 

1,040 

2,710 

6,930 

2,960 

2,340 

838 

511 

380 

434 

175 


1,660 


Per 
square 
mile. 


0.727 
.318 
.273 
1.79 
7.27 
4.55 
3.26 
1.36 
.726 
.622 
3.14 
2.70 


2.23 


.844 
.625 
.945 
2.46 
6.30 
2.69 
2.13 
.762 
.4^ 
.345 
.395 
.159 

1.51 


Run-olT 
(depth  in 
inches  on 
drainage 
area). 


0.84 

.33 

.31 

2.00 

8.38 

5.06 

3.76 

1.67 

.81 

.72 

3.50 

3.11 


30.41 


.97 

.67 

1.09 

2.74 

7.26 

3.00 

2.46 

.88 

.52 

.40 

.44 

.18 

20.61 


Accu- 
racy. 


6  Discharge  during  the  frosen  period,  1907,  based  largely  on  the  natural  flow  of  West  Branch  of  Penobscot 
River  at  MOllnocket 


a  Includes  Chamberlain  Lake  drainage,  270  square  miles. 
6  Discharge  during  the  frosen  period,  1907,  based  largely  on 
liver  at  MOllnocket. 

Discharge  for  May  and  June,  1907,  are  rough  estimates  to  allow  as  nearly  as  possible  for  the  effect  of  log 
jams. 
Discharge  April  1  to  23, 1907,  600  second-feet. 

f  Discharge  durine  the  (h>£en  periods,  1908,  based  on  climatologlcal  reports,  the  dlHchargc  of  adjacent 
drainages,  and  one  discharge. measurement  made  under  ice  conditions. 

Second-feet. 

Dtocharge  April  1  to  22, 1908 1,300 

November  18  to  25, 1908 300 
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SUBFAOB  WATEB  SUPPLY,  1907-8. 


BCATTAWAMKEAO  RIVER   AT  MATTAWAMKEAO,  ME. 

Mattawamkeag  River  rises  near  the  eastern  boundary  of  Maine 
and  drains  a  country  that  is  generally  low  and  swampy,  although 
there  are  on  the  river  a  few  good  sites  for  power  development,  none 
of  which  have  been  utilized.  Dams  are  maintained  at  the  outlets  of 
several  large  lakes  and  ponds  in  this  drainage  basin,  but  the  stored 
water  is  used  merely  for  log  driving.  The  total  area  of  the  basin  is 
about  1,500  square  miles. 

The  gaging  station,  which  was  established  August  26,  1902,  for  the 
purpose  of  obtaining  general  statistical  data  regarding  the  total  flow 
of  the  river,  is  located  at  the  Maine  Central  Railroad  bridge  in  the 
viUage  of  Mattawamkeag,  about  half  a  mile  from  the  mouth  of  the 
river. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  The  discharge  is  affected  by  ice  during  the 
winter  and  is  also  occasionaUy  affected  by  log  jams  for  short  periods 
in  the  log-driving  season.  When  the  channel  is  unobstructed,  con- 
ditions are  good  for  obtaining  accurate  discharge  data.  A  very  good 
rating  curve  has  been  developed. 

Discharge  measwremtnU  of  MaUawamieag  River  at  Mattawamkeag ^  Me.,  in  1907-8. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

hei^« 

hel^.» 

Thick- 

neasof 

ice. 

Db- 
charge. 

1907. 
March 6    ... 

F.  E.  Premey 

Feet. 

388 
306 
404 
396 

280 
378 
394 
365 
349 
350 

296 

482 

3,070 

1,420 

1,820 

1,190 

1,400 

707 

676 

600 

6.94 
6.40 
10.84 
6.64 

8.66 
a46 
6.70 
&03 
5.38 
6.40 

Feet, 
&94 
6.60 

Feet. 
2.1 
1.9 

See.-fU 
482 

March  28 

do 

7S2 

Mays 

.  .do 

15,000 

June  4 

do 

4,180 

1908. 
March  20 

F.  E.  Preasey 

8.66 
&66 

1.5 
2.0 

2,270 

March  21 

do 

2,970 

April  15 

....do 

4,380 

Novemba'2 

Wood  and  French 

1,670 

December  10  f.. 

F.  E.  Pressey 

1,100 

December  23 

do ' 

6.40 

.9 

640 

a  To  water  surface. 


h  To  top  of  ice. 


«  Discharge  affected  by  aoohor  toe. 
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Daily  gage  height,  in  fett,  of  MaUawamkeag  River  at  Mattarvamieag,  Me.,  for  1907S. 

[W.  T.  Mincher,obeerYer.) 


2».. 
30.. 
31.. 


Day. 


1907.4 


190B.5 


Jan.      Feb. 


7.2 


7.4 


6.6 


6.4 


6.5 


6.0 
6.0 
6.0 
6.0 
6.0 

6.0 
6.0 
6.0 
6.3 
6.5 

6.8 
6.8 
6.7 
6.6 


8.0 


8.0 


5.8 


ao 


7.6 


8.5 
8.5 


8.5 


Mar. 


6.9 


6.95 


6.0 


&2 


6.6 


6.4 


7.0 


8.5 


7.8 


7.3 


8.5 
8.3 


Apr. 


8.3 


9.0 


9.1 
8.85 
7.9 
8.15 

8.2 

8.65 

9.1 

9.35 

9.95 

11.05 

11.6 

12.15 

12.5 

13.06 


9.05 

9.2 

9.1 

9.1 


6.7 

6.9 

7.0 

7.05 

7.0 

6.9 

6.8 
6.8 
6.9 
7.0 
7.55 

8.15 
9.05 
9.7 
9.85 
10.45 


May. 


13.7 
13.9 
13.6 


10.65 
10.3 
9.8 
9.2 

8.75 
8.35 
8.15 
7.85 
7.25 

7.06 

&8 

6.7 

6.6 

6.65 

6.7 

6.85 

6.9 

6.5 

6.05 

6.9 

6.85 

6.26 

6.4 

6.3 

6.16 


11.2 

11.65 

11.6 

11.36 

11.1 

10.65 
10.2 
9.85 
9.7 
9.75 

9.9 

9.9 

9.65 

9.3 

9.06 

8.9 

8.75 

8.45 

7.95 

7.65 

7.25 

6.75 

6.6 

6.4 

6.2 

5.95 

5.8 

6.95 

6.95 

5.95 

6.36 


June. 


6.76 
6.76 
6.06 
6.66 
6.6 

6.86 

7.05 

7.2 

7.76 

7.76 

7.66 

7.36 

7.16 

6.9 

6.66 

6.3 

6.86 

6.36 

6.3 

6.16 

6.1 

6.00 

4.9 

6.0 

5.26 

6.66 

6.9 

6.75 

7.86 

8.36 


7.36 
8.6 


8.46 

7.85 

7.3 

6.9 

6.7 

6.45 

6.45 

6.3 

6.15 

5.95 

6.4 

5.4 

5.95 

6.05 

5.95 

6.95 

5.85 

5.7 

5.4 

5.4 

6.2 

5.05 

4.95 

4.6 

4.25 

4.15 


July. 


8.6 
8.6 
8.6 
a6 
8.1 

7.85 

7.4 

7.06 

6.85 

6.66 

6.4 

6.2 

6.06 

6.0 

6.0 

6.9 
6.9 
&9 
6.8 
6.7 

6.7 
6.9 
6.9 
6.9 
6.8 

6.8 
6.7 
6.8 
6.8 
6.8 
6.0 


4.25 
4.15 
4.05 
3.95 
3.96 

3.85 
3.75 
3.75 
3.75 
3.75 

3.75 
3.65 
3.55 
3.55 
3.45 

3.45 
3.45 
3.45 
3.55 
3.65 

3.55 

3.65 

3.55 

.3.6 

3.65 

3.55 
3.45 
3.35 
3. 35 
3.35 
3.35 


Aug. 


6.45 

6.76 

6.8 

6.66 

6.6 

6.6 
6.6 
6.6 
6.3 
6.05 

6.75 

6.66 

6.4 

6.36 

6.2 

6.1 

6.0 

4.86 

4.76 

4.7 

4.7 
4.6 
4.6 
4.6 
4.66 

4.6 

4.6 

4.65 

4.4 

4.3 

4.4 


3.36 
3.35 
3.25 
3.15 
3.05 

3.16 

3.3 

3.5 

3.6 

3.7 

3.8 

3.8 

3.9 

3.75 

3.45 

3.75 

3.8 

3.95 

4.0 

4.1 

4.1 
4.0 
3.9 
3.8 
3.7 

3.6 
3.5 
3.5 
3.4 
3.3 
3.2 


Sept 


4.25 

3.95 

3.8 

3.9 

4.6 

6.0 

6.66 

6.66 

6.46 

6.3 

5.16 

6.0 

5.1 

6.06 

4.9 

4.8 
4.7 
4.6 
4.6 
4.6 

4.6 
4.66 
4.4 
4.4 

4.7 

6.16 

6.6 

6.2 

4.86 

4.8 


3.1 
3.0 
3.1 
3.1 
3.1 

3.1 
3.2 
3.4 
3.5 
3.6 

3.4 
3.4 
3.3 
3.2 
3.0 

2.9 
2.9 
2.8 
2.8 
2.8 

2.7 
2.7 
2.6 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.6 


Oct. 


4.8 
4.8 
4.7 
4.6 
4.6 

4.66 

4.76 
6.15 
6.8 
6.46 

6.86 

7.0 

6.75 

6.65 

6.4 

6.3 

6.06 

6.86 

6.7 

6.65 

6.4 

6.3 

6.16 

6.1 

6.0 

4.9 

4.95 

6.46 

6.6 

6.7 

6.7 


2.66 

3.06 

3.7 

4.3 

4.4 

4.3 

4.0 

3.9 

3.75 

3.6 

3.6 
3.7 
3.7 
3.7 


3.6 
3.6 
3.4 
3.3 
3.2 

3.1 
3.1 
3.0 
2.9 
2.8 

2.95 

3.3 

3.4 

3.55 

3.8 

4.35 


Nov. 


6.6 

6.6 

6.66 

6.06 

6.2 

6.26 

6.6 

7.3 

7.66 

7.8 

7.6 

7.26 

6.9 

6.6 

6.6 

6.6 

6.4 

6.3 

6.05 

6.86 

6.66 

6.6 

6.6 

6.6 

6.6 

6.6 
6.9 
6.8 
6.8 
6.8 


4.8 

6.16 

4.9 

4.45 

4.4 

4.4 

4.3 
4.2 
.4.1 
4.1 

4.1 
4.0 
4.1 
4.2 
4.25 

4.45 

4.55 

4.4 

4.3 

4.2 


4.1 

4.1 

4.0 

6.4 

4.2 

4.1 

3.9 

4.05 

5.0 

4.2 

4.3 

4.4 

Deo. 


6.8 
6.8 
6.9 
6.0 
6.1 

6.2 
6.3 
6.3 
6.3 
6.4 

6.7 
7.7 
8.6 
8.6 
&36 

7.9 

7.46 

7.16 

6.7 

6.4 

6.4 
6.3 
6.1 
6.0 
6.2 

6.4 

6.6 

6.45 

6.3 

6.16 

6.0 


4.6 
4.7 
4.9 
6.0 
4.76 

4.8 

4.8 

4.9 

5.15 

6.3 

6.3 
5.4 
6.4 
5.4 
6.4 

6.4 
6.5 
5.6 
5.6 
6.1 


•River  frosen  January  1  to  April  18, 1907.    During  the  frozen  season  gage  heights  were  taken  to  water 
Mvnoe  In  a  hole  cut  in  the  Ice.    June  14, 1907.  all  logs  out  of  the  river. 

^RiTer  fhwen  from  about  January  5  to  A pril  7,  and  from  about  December  1  to  31. 1908.  During  the  (h>Ken 
Syoo  gage  heights  were  taken  to  water  surface  in  a  hole  cut  in  the  ice.  Gage  heights  affected  oy  log  Jams 
«<"n  about  June  2  to  14, 1906. 
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Rating  table  for  Mattawamkeag  River  at  Mattawamieag,  Me.,  for  1902-1908. 


hei^t. 

charge. 

height. 

Dis- 
charge. 

Oage 
height. 

Feet. 

Dis- 
charge. 

hS^t. 

Dis- 
charge. 

Feet. 

««••£• 

Feet. 

See.'ft. 

'    Feet. 

ate.^. 

2.50 

3.90 

590    , 

6.30 

2,080 

;    7.40 

6,920 

2.60 

100 

400 

660    , 

6.40 

2,220 

7.60 

6,360 

2.70 

114    , 

4.10 

736 

5.50 

2,360 

7.80 

6,810 

2.80 

134 

4.20 

818    1 

6.60 

2,500 

&00 

7,270 

2.  go 

160 

4.30 

906 

5.70 

2,660 

8.20 

7,750 

3.00 

190    , 

4.40 

1,000 

6.80 

2,820 

a40 

8,230 

a  10 

223 

4.50 

1,100 

6.90 

2,980 

'    8.60 

8,730 

8.20 

258    1 

460 

1,210 

&00 

3,160 

8.80 

9,230 

3.ao 

295    1 

470 

1.320    , 

&20 

3,520 

9.00 

9,750 

3.40 

334    ' 

480 

1,440    1 

6.40 

3,900 

laoo 

12,520 

3.60 

375 

490 

1.560 

&60 

4,280 

11.00 

15,570 

3.60 

420    1 

5.00 

1.690 

6.80 

4,680    1 

<  IZOO 

18,620 

3.70 

470    1 
525    t 

&10 

1,820 

7.00 

5,080 

13.00 

21,670 

8.80 

5.20 

1,950 

7.20 

6,490 

14  00 

24,720 

Non.^The  above  table  supersedes  all  rating  previously  published  for  this  station.  It  is  not  appUn- 
ble  for  ioe  or  obstructed-channel  conditions.  It  Is  baeed  on  25  discharge  measurementa  made  dnrfng  190S 
to  1908  and  is  well  defined  between  gage  heights  2.6  feet  and  12  feet. 

Rating  table  for  Mattawamkeag  River  at  Mattawamkeag,  Me.,  for  ice  cover  only,  from 
December  ^,  1906,  to  December  SI,  1907, 


hel^t. 

Dis- 
charge. 



See.-ft. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Feet. 

^"•4 

a80 

460 

4  70 

3.90 

480 

4  80 

880 

400 

510  1 

4  90 

940 

410 

540 

5.00 

1,000 

420 

580 

5.10 

1,070 

430 

620 

5.20 

1,140 

440 

670 

5.30 

1,210 

4  50 

720 

5.40 

1,290 

460 

770 

5.50 

1,370 

Oage 
height. 


Dis- 
charge. 


Feet. 
5.60 
5.70 
5.80 
5.90 
6.00 
a  10 
a20 
&30 
&40 


8ee.-ft. 
1,450 
1|530  , 
1,610  I 
1,090 
1,770 
1,850 
1,930 
2.020 
2,110 


hei^t. 

Feet. 
&50 

Dis- 
charge. 

%aob 

6.60 

2,290 

6.70 

2,380 

&80 

2,470 

6.90 

2,560 

7.00 

2,650 

7.10 

2,740 

7.20 

2,830 

Note.— The  above  table  h  based  on  two  discharge  measurements  made  during  1907,  and  Is  approxliiiate. 
Oage  heights  are  to  bottom  of  ice. 

Monthly  discharge  of  Mattawamkeag  River  at  Mattawamkeag,  Me.,  for  1907-S. 
[Drainage  area,  1,500  square  miles.] 


Month. 


1907.a 

January 

February 

March 

AprU 

May 

June 

July 

August 

September 

October : 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


1.8.50 
1.000 
1,290 
21,900 
24,400 
8,110 
8,730 
4.6hO 
2.5S0 
5,080 
6,H10 
8.730 


24.400 


Minimum. 


880 

480 

470 

1,290 

2,900 

1,560 

2,660 

906 

525 

l.IOO 

2,300 

2,820 


470 


Mean. 


1,330 
740 
694 
6,690 
9,070 
3,970 
4,260 
2.350 
1.500 
2,520 
3.680 
4.410 


3,430 


Per 
square 
mile. 


0.887 
.493 
.463 
446 
6.05 
2.65 
2.84 
1.67 
1.00 
1.68 
2.46 
2.94 


2. 29 


Run-off 
(depth  hk 
inones  on 

drainage 
area). 


Aocu> 
racy. 


1.02 
.51 
.63 
496 
6.96 
2.96 
3.27 
1.81 
1.12 
1.94 
2.73 
3.39 


31.24 


D. 
D. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 


«  Discharge  during  the  frozen  period  1907  determined  from  an  approximate  ioe  rating.  Discharge  May  4 
to  6, 1907,  interpolated.  Discharge  A  pril  1  to  18, 1907, 2.330  second-feet.  Discharge  probably  not  al&eted  by 
ioe  oonditloaa  during  December,  1907. 
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Monthly  discharge  of  Mattavmmkeag  River  at  MaUawamkeag,  Me.j  for  1907-8— CouV A. 


Discharge  in  seoond-feet. 

Run-ofl 
(depth  in 
inches  on 
drainage 
area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Accu- 
racy. 

1908.a 
Janouy 

2,960 

2.510 

2,280 

6,780 

9,160 

3,500 

457 

443 

191 

429 

919 

722 

1.99 
1.67 
1.52 
4.52 
6.11 
2.33 
.305 
.296 
.127 
.286 
.613 
.481 

1.69 

2.29 

1.80 

1.75- 

5.04 

7.04 

2.60 

.35 

.34 

.14 

.33 

.68 

.55 

22.91 

D. 

February 

D. 

Marrh ..',..  r   

D. 

April 

13,900 

17,200 

8,000 

862 

736 

375 

1,000 

1,880 

1.100 

C. 

M^/.v. ..!::!. ..:.!...! 

3,820 
777 
314 

206 
86 
107 
500 
'400 

A. 

June r   yy T   r   - 

B. 

July 

A. 

August 

A. 

September 

A. 

October 

A. 

November 

A. 

B. 

The  year 

17,200 

86 

2,530 

a  Discharge  during  the  frown  periods  1908  based  on  the  1907  ice  rating,  climatological  reporta  and  on  four 
discharge  measurements  made  under  ice  conditions.    Dischai'ge  April  12  to  14  and  June  2  to  14,  estimated. 

Seoond-feet. 

Dtocharge  April  1  to  14, 1908 6,660 

June2  to  14,1908 4,920 

PISCATAQUIS   RIVER  NEAR  POXCROPT,   ME. 

Piscataquis  River  rises  in  the  hilly  and  mountainous  region  south 
and  east  of  Moosehead  Lake,  flows  for  about  50  miles  in  an  easterly 
direction,  and  enters  the  Penobscot  at  Ilowland.  Its  slopes  and 
valleys  are  generally  steep  and  the  regimen  of  flow  is  therefore  quite 
variable.  Sebec,  Schoodic,  and  Seboois  streams,  all  outlets  of  large 
lakes  having  the  same  names,  are  the  principal  tributaries. 

The  gaging  station,  which  was  estabUshecl  August  17,  1902,  to  ob- 
tain general  statistical  data  regarding  the  flow  of  the  upper  Pise  at  a 
quis,  is  located  at  Low^s  bridge,  about  half  way  between  the  villages 
of  Guilford  and  Foxcroft,  and  is  just  above  the  mouths  of  Black  and 
Salmon  streams.  Water  power  is  used  at  several  manufacturing 
plants  within  a  few  miles  above  the  station,  and  the  river  fluctuates 
considerably  at  the  gage  during  low  stages.  The  little  storage  on  the 
river  above  this  point  is  used  solely  for  log  driving. 

The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station.-  During  the  winter  the  discharge  is  afl'ected  by  ice. 
Conditions  for  obtaining  accurate  discharge  data  are  good,  and  a  very 
good  rating  curve  has  been  developed  for  medium  stages.  At  high 
and  low  stages  the  curve  is  not  yet  accurately  defined. 

Discharge  measurements  of  Piscataquis  River  near  Foxcroft^  Me.y  in  1908, 


Date. 


April  6 

October  30. 


Hydrographer. 


F.  E.  Pressey 

Wood  and  French. 


Width. 

Area  of 
section. 

Gage 
height. 

Feet. 
118 
103 

Sq.ft. 
247 
19S 

Fef. 

2.  ':•!• 

lUs- 
charge. 


Src.-rt. 
2(»9 


16254— IRR  241—10- 
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Daily  gage  height ^  in  feet,  of  PiKotaquia  River  near  Foxcroftf  Me,  ^  for  1907-8. 
[A.  F.  D.  Harlow,  observer.] 


Day. 

Jan. 

3.6 
4.1 
4.0 
3.7 
3.5 

3.4 
3.2 
3.2 
3.2 
3.4 

3.5 
3.6 
3.4 
3.5 
3.6 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.9 

3.6 
3.5 
3.4 
3.4 
3.4 
3.3 

3.8 
3.8 
3.8 
3.8 
3.65 

3.65 

4.05 

4.1 

4.5 

4.0 

3.5 
3.5 
3.4 
3.4 
3.3 

.3.2 
3.2 
3.2 
3.25 
3.3 

3.2 
3.2 
3.2 
3.2 
3.2 

3.0 
.3.55 
.3.  .55 
3.05 
3.0 
3.0 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

4.0 
3.7 
3.5 
4.0 
4.0 

3.6 
3.5 
3.8 
5.2 
4.4 

4.4 

4.0 
3.9 
3.8 
3.6 

3.8 
4.0 
3.8 
3.4 
3.4 

3.4 
3.4 
3.4 
3.3 
3.3 

3.2 
2.9 
3.0 
6.4 
6.2 
4.8 

2.2 
2.5 
2.2 
1.9 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

1.9 

2.35 

2.1 

1.95 

1.95 

1.95 

1.95 

1.7 

1.95 

1.95 

1.95 

1.95 

j    1.95 

.    1.96 

1.6 

1.95 

2.45 

2.75 

2.5 

2.35 

2.25 

»„.| 

Dec. 

1907.<» 
1 

3.6 
3.6 
3.3 
3.6 
3,6 

3.6 
3.6 
3.4 
3.4 
3.0 

3.5 
3.1 
3.3 
3.2 
3.2 

3.2 
2.9 
3.8 
3.7 
3.7 

3.7 
3.7 
3.4 
3.4 
3.2 

3.6 
3.4 
3.4 

3.6 
3.6 
4.0 
4.1 
4.25 

4.25 
4.25 
4.25 
3.85 
3.85 

3.7 
3.7 
3.6 
3.6 
4.0 

4.6 

4.9 

4.7 

4.25 

4.25 

4.25 
4.0 
3.6 
3.6 
3.55 

3.55 
3.4 
3.4 
3.4 

3.4 
3.3 
3.1 
3.2 
3.3 

3.3 
3.3 
3.3 
3.4 
3.3 

3.3 
3.3 
3.2 
3.2 
3.2 

3.5 
3.5 
4.4 
4.4 
4.1 

3.6 
3.6 
3.5 
3.6 
3.9 

3.9 
3.9 
3.9 
3.9 
8.9 
4.4 

3.55 
3.55 
3.55 
3.55 
3.55 

3.55 
3.35 
3.35 
3.35 
3.35 

3.35 

3.35 

3.35 

3.3 

3.4 

3.4 
4.4 

4.35 
3.85 
3.6 

3.4 
3.4 
3.35 
3.5 
3.9 

4.25 

4.1 

3.85 

3.7 

3.6 

3.6 

4.5 
4.5 
4.3 
4.3 
4.2 

4.4 

4.0 
3.9 
3.9 
3.9 

3.8 
3,6 
3.5 
3.4 
3.9 

4.2 
4.3 
4.6 
4.8 
3.9 

3.7 
4.2 
4.7 
7.3 
8.4 

7.2 
7.2 
7.2 
7.0 
7.6 

3.65 
3.75 
4.05 
4.35 
3.8 

3.25 

3.5 

3.65 

3.75 

3.9 

3.75 

4.1 

3.95 

3.75 

3.7 

4.1 
4.2 

3.8 
3.55 
4.0 

4.0 
3.95 
4.3 
4.95 
5.35 

6.35 

7.9 

8.1 

8.6 

7.2 

9.4 
8.6 
7.0 
6.5 
6.5 

6.9 
4.9 
6.7 
6.8 
5.7 

5.7 
4.6 
4.6 
4.5 
4.5 

4.5 
4.9 
5.0 
5.2 
5.0 

4.4 
3.5 
3.4 
3.4 
3.4 

3.2 
3.4 
3.5 
4.4 
4.0 
3.6 

8.6 

8.1 

6.75 

6.7 

6.7 

5.55 
5.35 
4.55 
5.25 
5.55 

5.25 
4.4 
4.5 
4.5 
4.5 

4.4 

4.3 
4.1 
3.95 
3.9 

3.8 

3.6 

3.5 

3.35 

3.3 

3.3 

3.55 

3.7 

3.55 

5.35 

5.1 

3.6 
3.2 
3.2 
8.0 
3.0 

3.0 
2.8 
3.1 
3.2 
3.2 

3  2 
3.2 
3.2 
3.0 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.6 
2.7 
2.6 
2.8 

3.1 
4.2 
6.0 
4.4 
3.9 

5.1 

4.5 

4.15 

3.8 

3.4 

3.4 

3.2 

3.2 

3.06 

2.8 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.2 

2.3 

2.25 

2.25 

2.25 

2.1 
2.1 
2.1 
2.25 
,    2.25 

1 

6.6 
6.6 
6.6 
6.0 
4.4 

3.4 
3.4 
3.6 
3.4 
3.1 

3.2 
3.2 
3.3 
3.3 
3.1 

2.9 
2.8 
2.8 
2.8 
2.8 

2.8 
2.5 
3.0 
3.1 
3.1 

3.8 
4.0 
3.5 
3.3 
3.2 
3.2 

2.1 

1.95 

1.95 

1.96 

1.8 

1.8 

1.75 

1.7 

1.7 

1.7 

1.7 

1.65 

2.2 

2.2 

2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.15 
2.2 
2.25 
2.1 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 

3.2 
3.2 
8.0 
3.0 
3.2 

3.6 
4.2 
4.2 
3.9 
3.6 

8.2 
3.1 
3.0 
2.9 
2.5 

2.4 
2.6 
3.2 
3.1 
3.0 

2.5 
2.4 
2.4 
2.3 
2.3 

2.4 
2.6 
2.7 
2.6 
2.3 
2.3 

2.05 

2.1 

2.3 

2.2 

2.45 

2.95 
2.95 
2.95 
2.95 
2.9 

2.85 

2.7 

2.7 

2.45 

2.45 

2.45 
2.6 
2.5 
2.5 
2.4 

2.3 
2.0 
2.0 
2.0 
2.0 

1.95 
1.95 
1.9 
1.9 
1.9 
1.9 

2.8 
2.8 
2.7 
3.0 
4.3 

4.5 
3.9 
3.4 
3.4 
3.3 

3.4 
3.4 
3.2 
3.2 
3.2 

3.2 
3.2 
3.2 
3.2 
3.2 

3.0 
2.9 
2.9 
2.9 
3.1 

3.1 
3.0 
3.0 
2.8 
3.6 

2.» 

2.25 

2.15 

2.1 

2.1 

2.1 

2.1 

2.25 

2.3 

2.3 

2.4 
2.4 
2.4 
2.4 
2.3 

2.15 
2.15 
2.0 
2.0 
2.0 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 

1.4 

1.8 

1.95 

1.95 

4.3 
4.0 
4.8 
5.4 
6.0 

4.6 
9.3 
9.0 
6.9 
5.4 

4.7 
4.4 
4.1 

3.8 
3.6 

3.4 
3.2 
3.4 
3.4 
3.4 

3.2 
3,1 
3.1 
3.0 
3.2 

3.4 
3.4 
3.3 
3.1 
3.1 

1.9 

1.96 

1.95 

2.05 

1.95 

1.8 
1.8 
1.6 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.6 

1.6 
1.6 
1.6 
1.6 
1.4 

1.2 
1.0 
1.45 
1.6 

1.85 

2.2 
2.6 
3-0 
2.55 
2.55 

3.0 

2 

3.1 

3 

3.1 

4 

3,1 

5...., , 

6 

3.1 
3.1 

7 

3,1 

8 

2.7 

9 

2.9 

10 

5.5 

11 

9.1 

12 

5.6 

13 

4.4 

14 

4.2 

15 

3.8 

16 

3.7 

17 

3.6 

18 

3.4 

19 

20 

3.4 
3.4 

21 

3.4 

22 

3.4 

23 

3.6 

24 

3.6 

25 

3.6 

26 

3.6 

27 

3.6 

28 

3.6 

20 

3.6 

30 

3.1 

31 

8.1 

1908.5 
1 

2.2 

2 

2.4 

3 

2.6 

4 

2.5 

5 

2.4 

tf 

2.2! 

7 

2.2! 

8 

2.2! 

9 

2.5 

10 

2.5 

11 

2.5 

12 

2.6 

13 

1.8 

14 

2.4 

15 

2.4 

16 

17 

^4 
2.4 

18 

2.5 

19 

20 

21 

22 

23 

24 

25 

2() 

27 

2X 

29 

Jl) 

31 

2.4S 
2,4 
2.4 
2.4i 
2.4 

24 
24S 
24! 
2.4! 
24! 
2.3! 

o  Ulver  frozen  over  more  or  less  completely  from  about  January  10  to  April  7,  1907.  During  the  trxnen 
eeasop  gage  heights  were  taken  to  water  .surface  in  a  hole  In  the  Ice. 

t>  Ice  conditions  prevailed  from  about  February  1  to  15.  1908.  and  It  is  probable  that  the  discharge  may 
have  been  more  or  less  affected  by  ice  conditlood  for  short  periods  dunng  the  remainder  of  the  wlntex 
months. 
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heii^t. 

Dis- 
charge. 

height. 

Dis- 
charge. 

hd^t. 

Dis- 
charge. 

height. 
Feet. 

Dte- 
charge. 

Feet. 

8ec.-ft. 

Feet. 

'"t 

Feet. 

""■^ 

8ee.-ft. 

1.00 

5 

2.30 

z.eo 

5.80 

3,610 

1.10 

7 

2.40 

148 

a70 

938 

6.00 

3,970 

1.20 

9 

2.50 

180 

aso 

1,023 

a20 

4,335 

1.30 

12 

2.60 

220 

a90 

1,113 

6.40 

4,705 

1.40 

15 

2.70 

267 

4.00 

h2» 

a60 

5,080 

1.50 

19 

2.80 

318 

4.20 

1,403 

6.80 

5;  460 

1.60 

24 

2.90 

374 

4.40 

1,615 

7.00 

5,840 

1.70 

31 

aoo 

437 

4.60 

1,840 

&00 

7,810 

1.80 

40 

3.10 

502 

4.80 

2,085 

9.00 

9,860 

1.90 

51 

3.20 

560 

5.00 

2,350 

laoo 

11,900 

2.00 

64 

aso 

638 

5.20 

2,635 

2.10 

81 

8.40 

709 

5.40 

2,940 

2.20 

100 

1  a50 

782 

5.60 

3,265 

NoTB.— The  above  table  supersedes  all  ratings  preriously  published  for  this  station.    It  is  not  appli- 
cable for  ice  or  obstructed-channel  conditions.    It  is  baaed  on  discharge  measurements  made  du   ~ 
1903  to  1906  and  is  well  defined  between  gage  heights  1.5  feet  and  7  feet. 

Monthly  discharge  0/ Piscataquis  River  near  Foxcrofl,  Me.,  for  1907-8. 

[Drainage  area,  286  square  miles.) 


Month. 


Jaimary.... 
February.. 
March 

igJ!::-.-.:: 

Jane 

July 

August 

September. 

October 

November. 
December.. 


1907. 


The  year. 


January..., 
February.. 

March 

April 

M»y 

June 

July 

August.... 
September. 

October 

November. 
December.. 


1908. 


The  year. . 


Discharge  in  second-feet 


Maximum. 


1,300 


»^*f||lH^^iii. 


8,610 
10.700 
3.970 
3,260 
1,400 
1,720 
4,340 
10,500 
10,100 


10.700 


1,720 

2,220 

1,620 

9,040 

9.040 

2.490 

100 

405 

148 

292 

437 

220 


560 
180 
180 
123 
123 
374 
437 
207 


499 

250 

300 

2,400 

2,660 

618 

913 

447 

598 

1,190 

1,880 

1.190 


437 


604 


1,080 


822 
796 
880 
2,190 
2,370 
408 

68.1 
171 

95 

92.6 

67.6 
148 


Per 
square 
mile. 


1.75 
.874 
1.05 
8.39 
9.27 
2.16 
3.19 
1.56 
2.09 
4.16 
6.57 
4.16 


a  77 


2.87 

2.78 

a  08 

7.66 

8.29 

1.43 

.238 

.598 

.332 

.324 

.236 

.518 


Run-off 
(depth  in 
Inches  on 

drainage 
area). 


2.02 
.91 
1.21 
9.36 
10.60 
2.41 
a  68 
1.80 
2.33 
4.80 
7.33 
4.80 


51.34 


a  31 

aoo 
a  55 

8.55 
9.56 

i.eo 

.27 
.60 
.37 
.37 
.26 
.60 


9.040  I 


676 


2.36 


32.13 


Accu- 
racy. 


Note.— Estimates  of  discbarge  during  the  frosen  periods  1907-8,  based  on  climatologlcal  reports  and 
the  discharge  of  adjacent  drainages. 

KENDUSKEAO   STREAM    NEAR    BANGOR,    ME. 

This  station,  which  was  established  September  15,  1908,  to 
obtain  general  statistical  data  regarding  the  total  flow  of  the  Ken- 
duskeag  Stream,  is  located  at  the  wooden  highway  bridge  about  6 
miles  northwest  of  the  Bangor  post-office  and  is  just  below  the  Six- 
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mile  Falk,  which  is  the  best  unutilized  site  for  power  deTelopment 
on  the  lower  stretch  of  the  river.  Gage  heights  are  furnished  by 
Fre<l  Cort,  of  Bangor.  At  this  point  the  drainage  area  is  168  square 
miles;  at  the  mouth  of  the  river  it  is  193  square  miles.  In  addition, 
about  35  square  miles  of  the  drainage  basin  of  Sousdabscook  Stream 
are  in  part  tributary  to  the  Kenduskeag  via  Black  Stream,  which 
unites  these  two  rivers,  entering  the  Kenduskeag  about  8  miles  above 
the  gaging  station. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  During  the  winter  months  the  discharge  is 
somewhat  affected  by  ice.  Conditions  for  obtaining  accurate  dis- 
charge data  are  good,  but  no  rating  table  has  been  published  because 
of  the  few  discharge  measurements  made  up  to  this  time. 

Discharge  nifosuremenU  of  Kenduskeag  Stream  near  Bangor,  Me.,  in  t908. 


I>at*. 


Hydrogrepher. 


April  25 ;  F.  E.  Pressey. 

I>oo do 

July  JO do 

Do do 

Beptemljer  4 do 

8epteml>er  15 do 

D«»c«nberll do 

December  24 do 


Area  of 

hd^. 

Dis- 

Width. 

sccUoo. 

charge. 

Feet.   1 
100  ' 

V^- 

Fttt. 
4.13 

Sec-ft. 
656 

105 

274 

(0 

770 

82  1 

56.3 

28.6 

87  ; 

52.4 

1.71 

29.8 

64  1 

44.1 

1.53 

21.3 

42 

25.1 

1.31 

7.2 

97  . 

150 

2.96 

94.9 

52.9      <<2.08 


40.1 


a  (ia^inf!:  made  from  upstream  side  of  hif^hway  brid^  at  East  Baneor. 
6  Dlstanee  to  water  surface  from  the  top  of  floor  beam  100  feet  from  left  abutment,  15.19  feet. 
c  Distance  to  water  surfat-e  from  the  top  of  floor  Ijeam  100  feet  from  left  abutment,  16.77  feet, 
d  (iagi  height  to  top  pf  iee,  2.14  feet;  average  thickness  of  ice,  0.58  foot. 

Daily  gage  height  y  in  feet,  of  Kenduskeag  Stream  near  Bangor y  Me. y  for  1908, 

(Fred  Cort,  observer.) 

Dec. 


Day.              Sept.   i  Oct. 

, '.:z.i ;; 

2 '  1.5 

3 i  1.55 

4 1.55 

6 1.45 

« I I  ... 

7 1.4 

8 1.4 

9 1.5 

10 ,  1.5 

I  ' 

11 I.rv5 

12 1.5 

\:\ 1.4 

14 1.4 

15 ,       1.3  1.4 


I 


Nov. 


2.5 

2.fi 

2.<i5 

2.« 

2.5 

2.4 
2.3 
2.2 
2.0 
2.0 

2.0 
2.0 
1.9 
1.9 
1.9 


2.2 
2.2 
2.1 
2.2 
2.2 

2.3 

2.4 
2.4 
2.(i5 
2.9 


2.9 


2.95 
3.0 


Day. 

Sept. 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
1.3 
1.3 
1.3 
1.3 

Oct. 

1.5 

1.5 

1.6 

1.55 

1.5 

1.5 
1.6 
1.6 
1.6 
1.6 

1.6 

1.85 

2.15 

2.2 

2.2 

2.5 

Nov. 

Dec. 

16 

2.4 

2.9 

2.9 

2.65 

2.35 

2.05 

1.95 

2.1 

2.2 

2.2 

2.4 
2.4 
2.4 
2.4 
2.35 



3  05 

17 

3.25 

18 

3,0 

19 

3,25 

20 

21 

22 

2  1 

23 

2  0 

24 

20 

25.    . 

2.2 

2iK . . 

225 

27 

2.1 

28 

?I 

'29 

2.1 

30 

2.1 

31... 

2.2 

N<»TK.-  Ice  conditions  prevailed  from  about  December  19  to  26. 

PHILLIPS    LAKE   AND   OUTLETS   IN    HOLDEN   AND  DEDHAM,    ME. 

Phillips  Lake  receives  the  drainage  from  an  area  11.5  square  miles 
in  extent  and  has  a  water  surface  of  about  1.4  square  niiles.  It  is 
situated  about  10  luiles  southeast  of  the  city  of  Bangor.     The  shores 
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are  generally  rocky,  and  the  adjacent  country  is  mostly  wooded  and 
but  sparsely  settled.  The  water  is  apparently  of  excellent  quahty  and 
of  considerable  depth.  This  lake  was  for  some  time  imder  considera- 
tion as  a  source  of  water  supply  for  the  city  of  Bangor. 

The  lake  has  two  drainage  outlets.  The  greater  amoimt  of  water 
flows  from  the  north  end  of  the  lake  northward  through  the  village 
of  East  Holden,  thence  southward  through  Long  Pond  and  into 
Penobscot  River  below  Bucksport,  a  total  length  of  18  miles.  The 
other  outlet,  situated  at  the  southeast  end  of  the  lake,  in  the  town 
-of  Dedham,  flows  into  Green  Lake  and  thence  into  Union  River, 
discharge  occurring  only  during  medium  and  high  stages.  Gages 
have  been  maintained  at  the  outlets  of  the  lake  and  upon  the  lake 
itself  for  the  purpose  of  determining  the  available  water  supply  for 
public  use. 

The  gage  at  the  northern  outlet  was  estabUshed  July  7,  1904,  and 
discontinued  July  1,  1908.  It  is  located  about  1}  miles  from  the 
lake,  one  quarter  mile  south  of  the  village  of  East  Holden,  and  175 
feet  south  of  an  old  mill.  The  drainage  area  at  this  point  is  12.3 
square  miles. 

The  gage  at  the  southeast  outlet  was  established  July  19,  1904,  and 
was  read  only  at  the  time  of  visits  by  the  hydrographers.  It  is 
located  at  the  highway  bridge  about  IJ  miles  southeast  of  Lake 
House  railroad  station,  and  is  about  700  feet  southeast  of  the  Maine 
Central  Railroad  crossing.  The  flow  through  this  outlet  is  propor- 
tional to  the  lake  height. 

The  gage  on  Phillips  Lake  was  estabUshed  July  19,  1904,  and  dis- 
continued July  1,  1908.  It  was  originally  located  at  a  point  on  the 
east  shore  of  the  lake  about  300  feet  northwest  of  Dr.  L.  S.  Chilcott^s 
cottage.  On  December  6,  1904,  its  location  was  changed  to  the 
Maine  Central  Railroad  bridge  over  the  north  end  of  Phillips  Lake, 
being  still  referred  to  the  same  datum. 

The  respective  gage  datums  have  remained  the  same  during  the 
maintenance  of  the  stations. 

Conditions  for  obtaining  accurate  discharge  data  at  the  two  outlets 
are  rather  poor  and  the  results  are  only  approximate.  Ice  condi- 
tions probably  do  not  affect  the  discharge  materially. 

Discharge  measurements  of  Phillips  Lake,  northern  outlet,  at  East  ] [olden,  Me.,  in  1907-:S, 


Date. 


1907. 
December  16. 

1908. 
AprfI24 


Hydrographer. 


F.  E.  Pressey. 
F.  E.  Pressey. 


Width. 

Area  of 
section. 

Gaee 
height. 

Dis- 
charge. 

Feet. 
12 

10 

uo 

Feet. 
2.18 

02.43 

Sec.'ft. 
18.7 

37.7 

•  Oage  height  varied  from  2.18  feet  to  2.68  feet  during  the  measurement. 
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Ducharge  meoiuremtnU  of  Phillips  Lake,  sotUheaatem  outlet^  near  Late  House  rmlroad 

station,  Me.,  in  1907-8. 


Date. 


Dec.  16,  1907... 
Apr.  24,  1908... 


Hydrognpher. 


F.  E.  Preney. 
do 


Width. 


Ftel, 
8 
7 


Area  of 
section. 


s,.^. 


Qaceheigfat. 


oua.t  i'£2gp»' 


DIt- 
charge. 


FeeL  •  FeeL  Stc-ft, 
2.50  j  0.05  I  24.5 
1.92        8.65  5.3 


Daily  gage  height,  in  feet,  of  Phillips  Lake,  northern  outlet,  at  East  Holden,  Me.,  for  1907~S, 

[Lewli  F.  Plnkham,  observer.] 


Day. 


Jan. 


1907. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


1908.        I 

1 2.2 

2 2.1 

3 ;  2.05 

4 2.05 

5 2.05 

1 

6 2.1 

7 2.15 

8 1  2.75 

9 2.15 

10 '  2.1 

11 1  2.1 

12 2.1 

13 .2.15 

14 2.1 

15 '  2.1 

I 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 


Feb. 


2.3 
2.3 
2.3 
2.2 
2.0 

2.2 
2.0 
2.0 
2.1 
2.15 

2.0 
2.0 
2.0 
2.0 
2.0 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
2.0 
2.0 
2.9 


2.5 

3.5 

2.2 

3.0 

2.1 

30 

1.85 

2.6 

1.9 

2.45 

1.85 

2.2 

2.0 

2.2 

2.0 

•  2.2 

1.9 

2.2 

1.95 

2.15 

1.95 

2.15 

1.9 

2.1 

1.95 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.1 

1.9 

2.0 

1.9 

1.9 

1.9 

Mar. 

Apr. 

4.9 

2.5 

8.8 

2.1 

2.0 

1.8 

2.0 

1.8 

2.4 

2.5 

2.4 

2.5 

2.2 

1.7 

2.2 

2.4 

2.2 

2.4 

2.1 

2.5 

2.1 

2.55 

2.06 

2.3 

2.0 

2.3 

2.0 

2.0 

2.0 

2.3 

2.0 

2.3 

1.9 

2.7 

2.0 

2.7 

2.2 

2.65 

2.2 

2.65 

2.2 

lo 

2.0 

2.6 

2.0 

2.6 

1.9 

2.6 

1.9 

2.6 

2.2 

2.2 

2.2 

2.2 

2.5 

2.3 

2.5 

2.7 

2.5 

2.0 

2.2 

May.    Jtme.    July.     Aug. 


Sept 


1.7 

1.8 

1.95 

2.6 

2.0 

2.5 

2.0 

2.5 

2.06 

2.5 

2.5 

3.0 

2.0 

2.4 

1.9 

2.55 

2.0 

1.9 

2.55 

2.0 

1.8 

2.5 

2.0 

1.8 

2.2 

1.8 

1.9 

2.0 

2.4 

t05 

2.1 

2.0 

1.96 

3.45 

3.0 

3.6 

2.45 

2.4 

2.55 

2.5 

2.5 

1.8 

2.45 

2.5 

1.8 

2.4 

1.9 

1.8 

2.45 

2.55 

1.8 

2.45 

2.6 

1.8 

2.15 

2.4 

1.8 

1.8 

1.9 

1.8 

2.5 

2.6 

1.8 

2.46 

2.4 

1.9 

2.6 

1.8 

2.6 

2.46 

2.0 

2.6 

2.4 

2.0 

2.6 

1.8 

2.0 

2.6 

2.4 

2.0 

2.6 

2.3 

2.35 

2.1 

2.3 

2.3 

2.6 

2.6 

1.95 

2.6 

2.0 

2.1 

2.1 

2.1 

2.1 

2.06 

2.06 

3.06 
3.05 
3.06 
3.06 
3.05 

3.05 

2.06 

3.05 

1.9 

1.85 

1.8 

1.76 

1.76 

1.76 

1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 


1.8 

1.76 

1.7 

1.7 

1.76 

1.75 
1.8 
3.0 
1.95 
1.8 

1.8 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 

1.9 

1.95 

3.0 

3.3 

3.15 
3.16 
3.15 
2.2 
2.25 


Oct 


X2S 

1.9 

1.85 

1.8 

1.8 

1.8 

2.2 

2.1 

2.06 

2.0 

1.9 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.9 
1.9 
1.9 

1,9 
1.9 
1.9 
1.9 
1.9 

1.86 
1.8 
1.8 
1.8 
1.7 
1.7 


Nov. 


1.7 
L7 

3.1 

1.96 

1.9 

1.9 
3.4 
3.3 
3.2 

2.1 

2.1 
2.1 
2.2 
3.2 
2.2 

Z2 
2.2 
2.3 
3.4 
3.4 

1.9 
8.6 
3.4 
3.1 
3.3 

2.3 

3.3 

3.3 

3.26 

3.3 


Dec. 


3.3 
2.2 
2.3 
2.3 
2.3 

2.15 

2.1 

3.0 

1.05 

1.05 

2.55 
2.4 
3.3 
2.3 
Z2 

3.3 
2.65 
2.2 
2.3 
1.96 

1.06 

3.1 

2.1 

2.7 

1.06 

1.0 
2.2 
2.2 
2.2 
2.1 
2.2 


Mar. 

Apr. 

May. 

2.1 

2.76 

2.9 

2.1 

2.55 

2.4 

2.05 

2.55 

2.5 

2.0 

2.3 

2.8 

2.0 

2.3 

2.75 

2.0 

2.75 

2.8 

2.0 

2.2 

2.9 

2.0 

2.7 

2.8 

2.0 

2.05 

2.85 

2.0 

2.7 

2.5 

2.0 

2.7 

2.8 

2.0 

2.4 

2.8 

2.0 

2.9 

2.8 

2.05 

2.35 

2.8 

2.05 

2.7 

2.45 

2.35 
2.75 
2.7 
2.7 

2.7    , 

2.0    i 
2.3 
2.5    I 

2.3  ; 

2.75  I 

2.1 

2.3 

2.7 

1.95 

2.9 


Day. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25., 

26., 
27., 
28., 
29.. 
30., 
31., 


1908. 


Jan.    Feb.    Mar.    Apr.   May.   June. 


2.1 

2.05 

2.05 

2.05 

2.05 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.06 
2.05 
2.05 
2.2 


2.26 
2.45 
2.15 
2.15 
2.3 

2.3 
2.1 
2.1 
2.1 
2,1 

2.1 
2.2 
2.15 
2.1 


2.3 
2.3 
2.1 
2.1 
2.1 

2.06 

2.06 

2.05 

2.9 

2.5 

2.7 
2.8 
2.3 
2.7 
2.6 


2.8 
2.1 
2.1 
2.1 
2.8 

2.4 
2.8 
2.9 
2.7 
2.7 

2.4 

2.8 

2.3 

2.75 

2.0 


2.8 

2.45 

2.1 

2.65 

3.7 

2.5 
3.7 
2.3 
2.7 
i75 

7.7 

2.15 

2.0 

1.06 

2.1 

2.15 


2.7 
2.3 
2.75 
2. 75 
1.96 

2.3 
1.9 
2.0 
2.0 
1.06 

1.0 
LO 
1.9 
2.75 

2.n 
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Daily  gage  height,  in  feet ,  of  PhUlipa  Lake  near  East  Holdeny  Me. ,  for  1907S, 
[H.  C.  Lord,  obaerver.] 


Day. 

Jan. 

Feb. 

Mar. 

ApriL 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Ifl07.a 
1 

8.4 

2                  . 

7.9 

7.2 



6.0 

3        :::!:: 

6.8 

4 

9.6 



6 

7.2 

1 

•  •; ::::: 

6.9 

6 

7.2 

7,9 

7 

1 

6.1 

8.6 

8 

8.5 

0 

7.9 

6.8 

8.1 

10 

6.6 

11 

9.0 

12 

7.6 

6.2 

13 

7.7 

7.6 

14 

6.0 

9.0 

15 

8.4 

16 

7.6 

6.6 

8.4 

17 

6.3 

18 

8.8 

19 

7.6 



6.1 

20 

8.3 

7.4 

21 

5.9 

9.0 

22 

8.3 

23 

7.6 

6.3 

8.4    

24 

6.2 

25 

8.5 

26 

7.8 

6.0 

27 

9.6 

7.1 

2S 

5.7 

9.0 

»:::::.:::..:::: 

ao 

30 

6.3 



a6 

31 

6.1 

Day. 

Jan. 

leb. 

Mar. 

Apr. 

May. 

June. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1906.» 
1 

8.9 

1908.ft 
16 

8.8 

2 

a7 

17 

3 

18.... 

9.2 

8.8 

4 

9.1 

9.1 

19 

6 

20 

8.1 

6 

8.7 

21 

9.0 

7 

9.0 

22 

9.i 

8 

8.9 

23. 

8.5 

9 

9.0 



24 

10 

26... 

8.9 

8.7 

11 

9.2 

8.9 

26 

12 

27 

8.0 

13 

8.3 

28 

9.0 

14 

8.8 

29 

9.1 

15 

9.0 

30 

8.4 

31 

a  Tbe  lake  did  not  freeze  over  at  the  gage  during  1907.  Ice  left  the  lake  April  30, 1907.  Lake  ftoten 
over  December  21, 1907. 

^The  lake  did  not  fireese  over  at  the  gage  during  1908.  Ice  went  out  of  lake,  except  fh>m  ooves,  April 
22,1908. 
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Rating  table /or  Phxllipa  Lake,  northern  outlet,  at  East  Holden,  Me,,  for  1904^1908. 


Gaee 
height. 

Dls- 
charge. 

See.-ft. 

Gage 
1  height 

,    FeH. 

Dis- 
charge. 

Feet. 

See.-ft. 

1.40 

1.3 

1     2.20 

36.5 

l.fiO 

3.6 

2.30 

42 

1.60 

7.2 

'     2.40 

47.5 

1.70 

11.3 

2.50 

53 

1.80 

1A.8 

2.60 

50 

1.90 

20.5 

2.70 

65 

2.00 

25.5 

2.80 

71 

2.10 

31 

,     2.90 

77 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-chamiel  conditions.  It  is  based  oo  10 
discharge  measurements  made  during  1904-1906  and  is  fairly  well  defined.  Discharges  for  ga^  heists 
3  feet  and  over,  estimated. 

Rating  table  for  Phillipa  Lake,  southeastern  outlet,  near  Lake  House  railroad  station^  Maine, 

for  1904~190S. 


I   Gage         Dis-      ]'   Gage 
'  height,     charge.      height 


Feet. 

Sec.-ft. 

5.90 

0.01 

6.U0 

.02 

6.10 

.03 

6.20 

.04 

6.30 

.05 

6.40 

.07 

6.50 

.10 

6.W 

.20 

6.70 

.35 

6.K0 

.W 

6.90 

.6.'> 

7.00 

.MO 

7.10 

.95 

7.20 

1.10 

7.30 

1.25 

7.40 

1.40 

7..')0 

l.r>5 

7.<iO 

1.70 

Feet. 

7.70 

7.80 

7.90 

I     h.OO 

8.10 

8.20 

8.30 

'     8.40 

il    8.50 

l|     8.60 

8.70 

i;     8.80 

,     8.90 

I,     9.00 

0.20 

>  9.40 

9.60 


Dis- 
charge. 


Sec.-ft. 
1.H5 
2.0 
2.2 
2.4 
2.6 
2.9 
3.2 
3.6 
4.2 
5.3 
7.0 
9.5 

13 

17 

29 

46 

65 


Note.— The  alwve  table  is  not  ap]»ll(tible  for  iee  or  oi»structed-channel  conditions.  It  is  based  on  18 
di.schur^e  ineiksuretnent.s  inudo  during  19()4-19U8  and  is  fairly  well  defined.  It  applies  to  Phillipa  Lake 
gage  lieighU>. 
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MonMy  dueharge  of  PhUlipa  Lake  outlets  in  Holden  and  Dedham,  Me.^for  1907-8, 
[Drainage  area,  12^  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 
October.... 
November. 
Deodnber.. 


1907. 


Discharge  hi  second-feet. 


The  year. 


January.. 
February. 
March.... 

April 

May 

June 


1906. 


Run-off 

South- 

(depth 

Northern  outlet. 

eastern 

in  inches 

outlet. 

Per 

on  drain- 



Total. 

square 
mile. 

age  area). 

Maximum. 

Minimum. 

Mean. 

Mean. 

53 

18.2 

22.8 

1.58 

24.4 

1.98 

2.28 

113 

20.5 

38.5 

1.83 

40.3 

3.28 

3.42 

197 

20.6 

41.7 

.34 

42.0 

3.41 

3.93 

fi6 

11.3 

45.0 

16.6 

61.6 

6.01 

6.50 

SO 

11.3 

42.6 

22.0 

64.6 

6.25 

6.06 

59 

15.8 

35.7 

3.45 

39.2 

3.19 

3.56 

50 

15.8 

32.2 

1.58 

33.8 

2.75 

3.17 

'     31 

11.3 

20.6 

.15 

20.6 

1.67 

1.92 

39.2 

11.3 

22.1 

.02 

22.1 

1.80 

2.01 

39.2 

11.3 

19.8 

.02 

19.8 

1.61 

1.86 

59 

11.3 

34.9 

3.0 

37.9 

3.08 

3.44 

65 

20.5 

35.4 

13.4 

48.8 

3.97 

4.58 

197 

11.3 

32.6 

5.33 

37.9 

3.08 

41.81 

68 

25.5 

30.7 

22.3 

53.0 

.    4.31 

4.97 

50.2 

25.6 

33.3 

17.8 

51.1 

4.15 

4.48 

77 

25.5 

37.4 

16.1 

53.5 

4.35 

6.02 

77 

28.2 

66.4 

12.3 

68.7 

5.59 

6.24 

77 

23.0 

57.5 

8.66 

66.2 

5.38 

6.20 

77 

20.5 

47.0 

3.77 

50.8 

4.13 

4.61 

Note.— Above  values  for  both  stations  are  classed  as  D,  or  approximate,  owing  to  local  changes  In  con- 
ditions of  flow,  which  could  not  be  covered  by  meter  measurements. 

MISCELLANEOUS   MEASUREMENTS   IN   PENOBSCOT  RIVER   DRAINAGE 

BASIN. 

The  following  miscellaneous  discharge  measurements  were  made 
in  Penobscot  River  drainage  basin  during  1908: 

Miscellaneous  discharge  measurements  in  Penobscot  River  basin  in  1908, 


Date. 


April  27. 


July  10 

Do 

Angustll.... 
September  8. 

Do 


Stream. 


Souadabscook  River.. 


.do. 
.do. 
.do. 
.do. 
.do. 


Locality. 


Emersons  Mills,  Hamp- 
den, Me. 

....do 

....do 

....do 

....do 

....do 


Width. 

Area  of 
section. 

hel^t. 

Dis- 
charge. 

Feet. 

Sq.ft. 

Feet. 

See.'ft. 

67 

134 

a  10. 13 

350 

56,5 

68.5 

«10.99 
0  10.99 

16.7 

18 

9.0 

14.8 

24 

34 

5  6.82 

17.6 

57 

60 

all. 14 

10.8 

17 

6.2 

a  11. 14 

0.9 

a  Bench  mark  Is  top  of  floor  of  highway  bridge,  10  feet  from  left  abutment. 

b  Measurement  maae  100  feet  upstream  from  remains  of  old  highway  bridge  in  Hampden,  from  timbera 
across  the  stream.  Bench  mark  is  on  top  of  a  log  in  cribwork  on  downstream  side  of  left  abutment  of 
bridge. 

NoXB.~Oage  height  is  distance  from  bench  mark  to  water  surface. 
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KENNEBEC  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Kennebec  River  rises  in  Moosehead  Lake  in  the  west  central  part 
of  Maine,  the  headwaters  being  collected  by  Moose  River,  Roach 
River,  and  a  number  of  smaller  streams  rising  in  the  hilly  forested 
areas  east  and  west  of  the  lake.  The  drainage  basin  extends  from  the 
Canada  line  to  the  ocean.  It  measures  about  150  miles  in  length, 
varies  in  width  from  50  to  80  miles  in  the  main  portion,  and  embraces 
a  total  area  of  5,970  square  miles  (about  one-fifth  the  total  area  of 
the  State),  of  which  1,240  square  miles  are  tributary  to  Moosehead 
Lake.  The  length  of  the  river  from  the  lake  to  its  entrance  into 
Merrymeeting  Bay,  near  Brunswick,  including  the  more  consider- 
able windings,  is  about  140  miles. 

The  important  tributaries  of  the  Kennebec,  in  the  order  of  their 
confluence  from  the  source  of  the  river,  are  as  follows: 

Tributaries  of  Kennebec  River. 


River. 

Enters  Kemiebeo  at— 

Drainage 
area 

(square 
miles). 

Moose  River 

Moosehead  Lake 

The  Forks 

680 

Dead  River. . .  ^ 

S70 

Carrsbassett  River 

North  Anson 

395 

Saody  River 

Madison 

670 

Sebastioook  River 

winslow 

970 

MessaloDskee  Stream 

Waterville 

210 

Cobbosseeoontee  Stream 

Gardiner 

240 

The  northern  part  of  the  drainage  basin  is  broken  by  offsets  from 
the  White  Mountains.  Near  Moosehead  Lake  the  hills  and  highlands 
lie  well  back  from  the  lake,  leaving  a  great  open  plain.  Below  the 
lake  nearly  to  The  Forks  the  river  is  a  torrent,  flowing  in  a  narrow, 
rocky  chasm  with  precipitous  sides.  Below  the  junction  of  Dead 
River  at  The  Forks  the  Kennebec  flows  through  a  broader  valley 
with  gentler  slopes.  The  general  elevation  of  the  basin  is  less  than 
that  of  the  Androscoggin,  which  adjoins  it  on  the  west,  although 
near  the  center  of  the  area  Saddleback,  Abraham,  and  Bigelow 
mountains  rise  as  isolated  peaks  to  an  elevation  higher  than  any 
mountains  in  the  State  except  Katahdin.  The  extreme  headwaters 
of  the  Kennebec  at  the  Canadian  line  reach  an  elevation  of  approxi- 
mately 2,000  feet.  Moosehead  Lake  is  about  1,026  feet  above  tide 
water  and  distant  from  it  120  miles,  corresponding  to  an  average 
descent  of  8.55  feet  per  mile. 

The  Kennebec  basin  presents  considerable  variety  in  its  rock 
formations.  In  the  northern  part  of  the  basin  the  rocks  are  mostly 
sedimentary,  including  sandstones,  conglomerates,  shales,  slates,  and 
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impure  limestones.  A  few  masses  of  igneous  rocks  are  found,  notably 
the  rhyolite  of  Mount  Kineo.  In  the  central  and  southern  portions 
of  the  basin  extensive  areas  of  granite  f^pear,  and  in  general  the 
teiidency  is  toward  metamorphic  rocks.  The  quarries  at  HalloweU 
are  located  on  one  of  the  larger  masses  of  pure  granite.  A  notable 
characteristic  of  the  rocks  in  the  Kennebec  basin  is  their  compactness 
and  hardnesS;  which  gives  a  permanence  to  the  present  channels  of 
the  river.  The  surface  materials  are  usually  finely  pulverized,  and 
water-retaining  sands  and  gravels  are  more  abundant  in  the  northern 
part,  succeeded  by  a  greater  proportion  of  loam  and  clay  to  the 
southward. 

The  greater  part  of  the  Kennebec  River  drainage  basin  is  in  forest 
cover,  and  the  upper  portion  is  heavily  timbered,  although  extensive 
cutting  has  been  going  on  for  many  years.  Spruce  is  most  abundant, 
and  large  quantities  of  poplar,  valuable  in  the  production  of  the  best 
grades  of  paper,  are  found.  About  one-third  of  all  the  lumber  used 
in  the  State  for  pulp  and  paper  comes  from  the  Kennebec  basin. 

The  mean  annual  precipitation  in  the  Kennebec  basin  above  Water- 
ville  is  about  40  inches.  It  varies  from  a  little  over  44  inches  at 
Gardiner  to  probably  not  over  35  inches  in  the  extreme  northwestern 
part  of  the  basin. 

The  river  is  generally  frozen  over  during  the  winter,  and  the  accu- 
mulations of  snow  in  the  northern  portions  of  the  basin  frequently 
reach  a  depth  of  3  feet,  with  a  water  equivalent  of  5  or  6  inches. 

The  natural  storage  facilities  on  the  Kennebec  basin  are  excellent, 
there  being  about  420  square  miles  of  lake  and  pond  surface.  Moose- 
head  Lake,  with  an  area  of  about  115  square  miles,  is  the  largest  lake 
in  New  England.  It  is  about  35  miles  in  extreme  length,  12  mUes  in 
maximum  width,  and  of  such  depth  that  it  is  crossed  by  steamboats 
from  end  to  end.  It  has  been  in  use  many  years  as  a  reservoir  to 
store  the  spring  flow  for  use  in  log  driving  and  for  power  and  is  com- 
manded by  substantial  log-crib  dams  at  its  two  outlets.  The  east 
outlet  stream  is  the  most  important  and  is  joined  by  the  west  outlet 
stream  at  the  upper  end  of  Indian  Pond,  about  4  miles  below  the  lake. 

The  present  head  of  water  at  Moosehead  Lake  is  about  7.5  feet, 
corresponding  to  about  23.5  billion  cubic  feet  storage,  but  surveys 
and  estimates  have  been  made  by  the  Kennebec  Water  Power  Com- 
pany covering  an  additional  depth  of  2  feet,  corresponding  to  approxi- 
mately 1.6  square  miles  of  additional  water  area.  Considerable  dam- 
age to  property  at  Greenville  and  Kineo  would  occur  by  this  change, 
but  an  additional  storage  capacity  of  about  6.5  billion  cubic  feet 
would  result.  The  lake  could  also  be  drawn  down  to  a  lower  level 
by  dredging  at  the  outlet,  which,  however,  would  doubtless  be 
objected  to  by  the  navigation  interests. 
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Other  important  storage  basins  in  Kennebec  headwaters,  little  used 
at  present,  are  Brassua  Lake,  Long,  Wood,  Attean,  and  the  Roach 
ponds.  Economical  storage  in  the  headwaters  up  to  40  billion  cubic 
feet  capacity  is  possible,  which  with  that  on  Dead  River  and  other 
tributaries  should  make  the  Kennebec  River,  with  its  large  amoimt 
of  fall,  one  of  the  best  power  streams  in  the  country. 

While  the  regimen  of  flow  of  the  Kennebec  has  been  much  improved 
by  storage  in  Moosehead  Lake,  a  systematic  regulation  of  the  use  of 
stored  water  is  greatly  needed,  for  much  of  the  stored  water 
impounded  by  the  lake  at  the  present  time  is  needlessly  wasted  during 
log  driving  and  at  other  times  for  lack  of  an  adequate  system  of 
measuring  and  recording  the  flow  from  the  outlets. 

The  Kennebec  River  has  always  been  an  important  river  for  log 
driving,  the  annual  drive  at  present  amounting  to  about  150  million 
feet  b.  m. 

Below  Skowhegan  practically  all  of  the  fall  is  utilized  for  power, 
but  above  this  point  there  is  a  large  amount  of  unutilized  power. 
About  40  feet  of  fall  in  the  vicinity  of  Madison  is  being  developed  by 
the  Hollingsworth  &  Whitney  Company  for  a  pulp  and  paper  mill. 
Some  of  the  important  industries  using  water  power  on  the  main  river 
are  the  cotton  mills  at  Augusta  and  Waterville,  the  pulp  and  paper 
mills  at  Waterville,  Skowhegan,  Madison,  and  Solon,  and  numerous 
lumber  mills. 

The  longest  continuous  run-off  record  on  the  main  river  is  that  at 
Waterville,  beginning  in  1893.  The  driest  year  since  that  time  was 
1908,  and  the  wettest  was  1907,  the  total  flow  in  these  two  years  being 
in  the  ratio  of  about  1  to  2.32. 

The  following  gaging  stations  have  been  maintained  in  this  basin: 

Moose  River  at  Rockwood  (1902-1908). 

Mooeehead  Lake  at  Greenville  (1903-1908;  stage  only). 

Mooeehead  Lake  at  East  Outlet  (1895-1908;  stage  only). 

Kennebec  River  at  The  Forks  (1901-1908). 

Kennebec  River  at  Bingham  (1907-8). 

Kennebec  River  at  North  Anson  (1901-1907). 

Kennebec  River  at  Waterville  (1891-1908). 

Roach  River  at  Roach  River  (1901-1908). 

Dead  River  at  The  Forks  (1901-1907). 

Carrabassett  River  at  North  Anson  (1901-1907). 

Sandy  River  at  Madison  (1904-1908). 

Sebaaticook  River  at  Pittsfield  (1908). 

Messalonskee  Stream  at  Waterville  (1903-1905). 

Cobbosseecontee  Stream  at  Gardiner  (1890-1908). 

All  available  data  pertaining  to  the  Kennebec  River  drainage 
basin  collected  prior  to  1907  have  been  assembled  and  published  in 
Water-Supply  Paper  198,  Water  resources  of  KenAebec  River  basin. 
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BIYEB   SUBVEY8   IN   KENNEBEC   DRAINAGE   BASIN. 

In  order  to  point  out  the  power  and  storage  possibilities  in  the 
Kennebec  basin,  surveys  have  been  made  as  follows: 

From  tide  water  to  Mooeehead  Lake,  for  the  determination  of  the  profile  and  plan 
of  the  river. 

Mooee  River  from  Mooeehead  Lake  to  near  Long  Pond. 

Surveys  of  Wood  and  Attean  ponds  and  Brassna  Lake,  to  determine  their  storage 
capacity. 

Surveys  of  Holeb,  Long,  Lower  and  Middle  Roach,  West  Carry,  and  Spencer  ponds, 
and  Flagstaff  and  Spring  lakes,  ta  determine  their  areas. 

From  the  data  collected  by  the  river  surveys  sheets  have  been  pre- 
pared, showing  as  far  as  available  the  profile  of  water  surface,  plan 
of  the  river,  contours  along  the  banks,  and  prominent  natural  or  arti- 
ficial features. 

From  the  lake  surveys  sheets  have  been  prepared,  showing  as  far  as 
possible  the  shore  lines  and  bank  contours,  covering  from  10  to  20 
feet  depth  of  storage. 

The  results  of  these  surveys  have  been  published  on  sheets,  and 
may  be  had  on  application  to  the  Director  of  the  Geological  Survey. 

MOOSE   RIVER   NEAR   ROCKWOOD,  ME. 

Moose  River,  the  largest  stream  tributary  to  Moosehead  Lake,  rises 
in  the  extreme  northern  part  of  Franklin  County,  flows  in  a  direction 
a  little  north  of  east,  and  enters  the  lake  from  the  west.  The  river 
passes  through  Attean,  Wood,  and  Long  ponds  and  Brassua  Lake,  and 
receives  the  drainage  from  a  large  number  of  small  ponds  well  scat^ 
tered  over  the  basin.  Dams  are  maintained  at  the  outlets  of  several 
of  the  lakes  and  ponds,  but  all  of  such  stored  water  is  used  for  log 
driving,  and  the  effect  upon  the  regimen  of  flow  is  but  temporary. 
The  flow  is  not  subject  to  violent  fluctuations.  There  is  considerable 
fall  to  the  river — about  150  feet — entirely  undeveloped. 

The  gaging  station  was  established  September  7,  1902,  to  obtain 
general  statistical  data  regarding  the  total  flow  of  the  stream,  and 
was  discontinued  December  31,  1908.  It  was  located  4  miles  west  of 
Kineo,  near  the  village  of  Rockwood,  and  2  miles  from  the  mouth  of 
the  river. 

The  gage  datum  remained  the  same  during  the  maintenance  of  the 
station.  Discharge  during  the  winter  months  is  affected  by  ice. 
Conditions  for  obtaining  accurate  discharge  data  are  good,  and  a  good 
rating  curve  has  been  developed  except  for  extreme  low  stages,  where 
it  is  somewhat  uncertain.  Data  prior  to  1907  have  been  compiled  in 
Water-Supply  Paper  198. 

The  following  measurement  was  made  September  26,  1908:  Width, 
150  feet;  area,  262  square  feet;  gage  height,  1.48  feet;  discharge, 
71.2  second-feet. 
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Daily  gage  height,  in  feet,  of  Moose  River  near  Rockwood,  Me.,  for  1907-8. 
[Peter  Callaghan  and  John  King,  observers.] 


8.. 
9. 
10. 

11.. 
12. 
13. 
14. 
16. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27- 
28. 
29. 
30. 
31. 


12. 
13. 
14. 
16. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
26. 

26. 
27. 
28.. 
29.. 
30. 
31., 


Day. 


J_ 


Jan. 


1907.a 


2.5 
2.5 
2.5 
2.5 
2.5 

2.5 


2.5 
2.5 


Feb. 


2.9 


2.8 


2.4 


2.7 
2.7 


1906.» 


2.8 


2.4 


I       I 


2.8 
2.8 
2.7 
2.7 


Mar. 


2.2 


1.9 


1.9 


Apr. 


2.35 

2.5 

2.5 

2.6 

2.6 

2.6 
2.6 
2.8 
2.8 
2.85 

2.85 
2.95 
3.05 
3.1 


1.9 


2.1 


2.8 
2.8 
2.7 
2.7 
2.6 

2.6 
2.6 
2.5 
2.5 
2.6 

2.6 
2.5 
2.5 
2.5 
2.5 

2.5 
2.6 
2.6 
2.6 
2.5 

2.5 

2.85 

2.95 

3.1 

3.2 


3.3 
3.4 
3.5 
3.5 
3.5 
3.6 


6.25 

6.75 

6.8 

6.9 

6.2 


3.6 
3.6 
3.7 
3.7 
3.7 

3.8 
3.8 
3.8 
3.9 
3.9 

4.0 
4.0 
4.1 
4.2 
4.3 

4.3 
4.4 
4.5 
4.5 
4.65 

4.8 
4.9 
5.0 
6.3 
5.3 

5.95 

6.9 

7.76 

8.75 

9.0 


May. 


6.4 
6.8 
7.2 
7.4 
7.7 

7.8 
7.9 
8.2 
8.2 
8.3 

8.3 
8.4 
&4 
8.4 
&4 

8.15 

7.9 

7.65 

7.5 

7.45 

7.65 

7.9 

7.95 

7.85 

7.65 

7.4 

7.3 

7.1 

6.85 

6.5 

6.3 


9.1 
9.2 
9.1 
8.8 
8.8 

8,7 
8.6 
8.6 
8.6 
8.65 

8.6 
8.4 
8.2 
8.1 
7.0 

7.2 
7.3 
7.1 
6.9 
6.7 

6.5 
6.2 
6.0 
6.1 
6.2 

6.5 

6.6 

6.55 

6.7 

6.65 


June. 


6.06 

6.8 

5.6 

6.4 

5.2 

6.0 
5.1 
6.1 
6.0 
4.95 

4.85 
4.85 
4.85 
4.75 
4.7 

4.5 

4.35 

4.15 

4.1 

4.05 

4.15 
4.4 

4.6 
4.7 
4.7 

4-7 

4.85 

5.15 

6.35 

6.6 


6.65 

6.5 

6.35 

6.15 

5.9 

5.7 

5.65 

6.0 

6.9 

6.8 

6.0 
6.4 
6.2 
6.0 
5.95 

5.8 

5.55 

5.3 

5.0 

4.7 

4.0 
3.0 
3.2 
3.4 
3.55 

3.6 
3.6 
3.4 
3.2 


July,  i  Aug. 


I 


6.6 
5.4 
5.3 
4.76  I 
4.3    I 

4.06 

3.95  , 
3.9    ^ 
4.0 
4.05 

4.0 
4.2 

4.96  ' 
6.26  I 
6.26  ' 

6.15 
4.95 
4.75 
4.65 
4.35 


4.35 

4.3 

4.25 

4.2 

4.2 

4.1 

4.1 

4.35 

4.45 

4.5 

4.35 
4.26 
4.05 
3.85 
3.75 

3.65 

3.65 

3.6 

3.4 

3.36 


4.1 

3.3    1 

4.06 

3.2 

4.06 

3.1 

3.96 

3.0 

3.9 

3.0 

3.9 

2.9 

3.95 

2.8 

3.96 

2.76 

4.06 

2.7 

4.16 

2.6 

4.25 

2.65 

3.2 

1.9 

3,1 

1.9 

2.9 

1.9 

2.8 

1.9 

2.7 

1.9 

2.7 

1.9 

2.6 

1.9 

2.6 

1.9 

2.5 

1.9 

2.5 

1.8 

2.5 

1.9 

2.5 

1.9 

2.2 

1.9 

2.2 

1.9 

2.1 

1.9 

2.0 

1.9 

2.0 

1.9 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

2.0 

1.9 

2.0 

1.9 

2.0 

1.9 

1.95 

1.9 

1.9 

Sept. 


2.5 

2.6 

2.55 

2.5 

2.6 

2.6 
2.5 
2.6 
2.6 
2.5 

2.5 

2.65 

2.5 

2.5 

2.4 

2.4 
2.6 
2.7 
2.8 
2.8 

2.65 

2.66 

3.6 

2.8 

2.85 

2.85 

2.86 

2.9 

2.96 

3.0 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.8 
1.8 
1.8 


1.6 

1.5 

1.5 

1.76 

1.6 


Oct. 

Not. 

3.15 

5.4 

3.2 

6.7 

3.3 

6.9 

3.4 

6.0 

3.4 

6.2 

3.45 

6.4 

3.5 

6.6 

3.65 

6.7 

3.9 

6.9 

4.05 

7.0 

4.2 

7.1 

4.2 

7.2 

4.3 

7.2 

4.2 

7.1 

4.2 

7.0 

4.2 

6.9 

4.15 

6.7 

4.1 

6.6 

4.05 

6.4 

3.95 

6.3 

3.75 

6.2 

3.85 

6.1 

4.2 

6.0 

4.2 

6.7 

4.6 
4.7 
4.9 
6.0 
5.2 
5.3 


1.6 

1.76 

1.8 

1.0 

1.7 

1.8 
1.9 
1.9 
1.9 
2.0 

2.1 
2.1 
2.2 
1.9 
1.8 

1.8 
1.8 
1.8 
1.7 
1.7 

1.8 
1.8 
1.7 
1.7 
L8 

1.8 
1.9 
1.9 
1.9 
2.0 
2.0 


6.8 

6.8 

&8 

6.8 

5.86 

5.9 


2.0 
1.9 
1.9 
1.8 
1.7 

1.7 
1.7 
1.6 
1.6 
1.6 

1.7 
1.7 
1.7 
1.8 
1.7 

1.7 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.5 
1.5 
1.6 

1.6 
1.6 
1.5 
1.6 
1.6 


a  Discharge  affected  by  ice  conditions  during  January  and  February,  1907.  Conditions  during  Handi 
doubtful.  It  is  probable,  however,  that  the  river  was  open.  Ice  conditions  during  the  froten  ffwuiHMi 
1907-8  are  to  water  surface  in  a  hole  cut  in  the  ice. 

''  ''->>  conditions  probably  prevailed  during  the  first  half  of  February  and  from  aboat  December  6  to  31. 
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Rating  table /or  Moose  River  near  Rockwoody  Me.  ^  for  1901  S. 


hSgS. 
Feet. 

Dis-      ' 
charge.  ^ 

Sic.'ft.   1 

hel^t. 

1 
DIs-      ! 
charge. 

Gaee 
height. 

Dl3-      • 
charge. 

hel^t 

Dte- 
charge. 

Fea. 

^«^.- 

Fett. 

Sec.'ft. 

Feet. 

See.-n. 
3,670 

1.60 

d3    ; 

3.00 

4.40 

1,538 

&60 

1.60 

120 

a  10 

681 

4.50 

1,620 

6.80 

3,890 

1.70 

148 

3.20 

733 

4.60 

1,703 

7.00 

4,110 

1.80 

in 

3.30 

788 

4.70 

1,788 

7.20 

4,340 

1.90 

207 

3.40 

846 

4.80 

1,875 

7.40 

4,570 

2.00 

238 

3.50 

906 

4.90 

1,964    , 

7.60 

4,800 

2.10 

270 

aeo 

968 

5.00 

2,055 

7.8t 

5,035 

2.20 

303 

a7o 

1,032 

5.20 

2,240    1 

aoo 

5,275 

2.30 

338 

aso 

1,098 

5.40 

2,432    ; 

&20 

5,515 

2.40 

375 

a90 

1,166 

5.60 

2,629    1 

a40 

5,755 

2.50 

414 

4.00 

1,236 

5.80 

2,830 

8.60 

6,000 

2.60 

454 

4.10 

1,308 

6.00 

3,035 

8.80 

6,250 

2.70 

496 

4.20 

1,382 

6.20 

3,245    1 

9.00 

6,500 

2.80 

539 

4.30 

1,459 

&40 

3,455 

9.20 

6,750 

Z90 

584 

Note. — The  abore  table  Is  not  applicable  for  Ice  or  obstructed-channel  conditions.  It  is  based  on 
discharge  measurements  made  during  1902-1908,  and  is  well  defined  between  gage  heights  2  feet  and  7 
feet. 

Monthly  discharge  of  Moose  River  near  Rockwoody  Me.  y  for  1907-8, 
[Drainage  area,  680  square  miles.] 


Month. 


January.... 
February.. 
March 

^"■■:::. 

June 

July 

August 

September. 

October 

November. . 
December.. 


1907. 


Discharge  in  second-feet. 


Maximum. 


3,240 
5,760 
3,090 
2,630 
1.620 
631 
2.340 
4,340 


The  year. 


5,760 


Minfnuini. 


356 

3,350 

1,270 

1,170 

434 

376 

707 

2,060 


January.... 
February. . . 
March 

June 

July 

August 

September. 
October. . . . 
November. . 
December.. 


1908. 


6,500 
6,750 
3,720 
733 
238 
207 
303 
238 


The  year. 


6,750 


414 
968 
3,040 
631 
207 
177 

93 
120 

93 


Mean. 


300 

160 

233 

1,030 

4.860 

1,970 

1.580 

1,030 

472 

1,330 

3,370 

1.600 


1,490 


800 

400 

559 

2,020 

4,790 

2,230 

343 

219 

174 

191 

136 

100 


Per 
square 
mile. 


0.441 

.221 

.343 

1.51 

7.15 

2.90 

2.32 

1.51 

.604 

1.96 

4.96 

2.21 


2.18 


1.18 

.588 

.822 

2.97 

7.04 

a  28 

.604 

.322 

.266 

.281 

.200 

.147 


997 


1.47 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


a  51 

.23 

.40 

1.68 

8.24 

a  24 

2.68 

1.74 

.77 

2.26 

5.53 

2.55 


29.83 


1.36 

.63 

.95 

a  31 

8.12 

a  66 

.58 

.37 

.29 

.32 

.22 

.17 


19.98 


Accu- 
racy. 


NoTB.— Discharge  January  to  March  and  December,  1907,  ba.scd  on  a  study  of  discharge  at  all  stations 
in  the  Kennebec  Klver  basin,  and  the  effect  of  storage  at  Moosehead  Lake.  Discharge  April  15  to  25, 1907, 
baaed  on  the  discharge  of  Dead  River.  Discharge  January,  February,  and  December,  1908,  based  on  the 
natural  flow  of  Kennebec  at  The  Forks. 

Second-feet. 

Discharge  Aprfl  15  to  25, 1907 873 

February  1  to  24, 1908 373 

December  6  to  31,  X908 101 
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MOOSEHEAD   LAKE    AT    EAST   OUTLET,    BiAINE. 

A  record  of  gage  heights  of  Moosehead  Lake  level  at  Mbosehead 
Lake  East  Outlet  has  been  kept  since  April,  1895,  by  the  Hollings- 
worth  &  Whitney  Company.  This  record,  supplemented  by  gage 
readings  at  Greenville  for  a  portion  of  the  time,  has  been  furnished 
for  pubUcation  by  the*  company.  (See  description  of  Kennebec 
River  basin,  p.  74.) 

Two  gage  datums  have  been  used  at  the  East  Outlet:  The  first  is 
at  elevation  1011.30  feet  above  mean  sea  level,  and  approximately 
10  feet  below  the  gate  sills;  the  other  is  10  feet  higher,  i.  e.,  the  zero 
at  the  sill  of  the  gates.     All  gage  readings  refer  to  this  latter  datum. 

The  maximum  gage  height  recorded  since  the  beginning  of  the 
records  occurred  May  9  and  30,  1902,  and  was  8  feet.  The  lowest 
gage  height  recorded,  except  September  28,  1895,  when  the  stage 
was  0.1  foot,  was  0.15  on  December  4,  1903,  although  from  this  time 
until  April  29,  1904,  no  gage  readings  were  obtained,  the  water  being 
below  the  bottom  of  the  gage.  The  extreme  range  of  lake  level  at 
present  is  thus  about  8  feet. 

Gage  readings  prior  to  1907  have  been  compiled  in  Water  Supply 
Paper  198. 

Dates  o/clonng  and  opening  of  Moosehead  Lake. 

Closed.  Opened. 

December  2,  1906 May  14,  1907 

December  2,  1907 May  11,  1908 

December  5,  1908 May  15,  1909 
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Daily  gage  height,  in  feet,  of  Moosehead  Lake  at  East  Outlet,  Me.,  for  1907-8. 
[C.  E.  Wilson,  obnerrer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
1.7 

May. 

4.5 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907. 
1           

3.25 

2.4 

7.5 

6.8 

2 

3.4 

7-2    1 

5.7 

*7.*i' 

3 

1.75 

5.1 

7.4 

7.5 

4 

3.6 

3.25 

2.3 

6.\ 

5.9 

7.25 
7.4 

7.0 

5 

1.8 

6.0 

7.45 

7.4 



7.25 

6 

3.2 

2.16 

6.05 
5.85- 

0.96 

7 

3.45 

7.45 

7.1 
7.3 

7.2 

5.9 

8 

3.2 

1.95 

2.0 

6.45 

7.65 

9 

3.4 

7.45 

5.95 

6  83 

10 

2.1 

6.75 

7.4 

7.2 

11 

3.4 

3.15 

1.9 

5.9 

6.1 

7.48 

7.0 

12 

2.25 


**7.*3  " 

7.4 

;    7.45 

13 

3,1 

1.85 

7.3 

7.2 

14 

3.4 

7.1 

**7.*i  " 

7.35 
7.4 

'  '6.'86' 

6.25 
6.2 

15 

3.0 

1.75 

2.35 

7.36 

7.25 


16 

3.35 

7.2 

17 

7.4 

7.1 

IS 

3.35 



1.7 

T.oe' ::::.:: 

5.75 

6.4 

7.45 

19 

2.6 

*  '7.'6' 

7.0 

30 

2.9 

1.6 



5.75 

6.4 

7.45 

7.4 

21 

3.3 

6.95 

■7.' is' 

7.1 

22 

2.85 

1.6 

2.75 

7.55 

7.45 

23 

3.25 

6.9 

5.7 

6.3 

7.4 

24 

3.0 

6.9 

7.05 

25.             ' 

2.75 

1.6 

5.75 

6.35 

7.4 

7.4 
7.3 
7.3 
7.2 

7.45 

«..: 1 

3.25 
3.8 

'*7.'56 

6.95 
7."3' ' 

*'7.'d6' 

6.65 


27 

2.6 

1.6 

5.75 

7.3 

28 

3.2 

29 

1.6 

7.6 

7.1 

30 

3.2 

6.36 

6.7 

6.7 

31 

7.5 

6.5 
7.15 

"7."25 

7.75 

7.2 
6.6 

7.4 

1908. 
1   

2. . .  ^ 

7.4 

**6."9* 
'  '6. 85' 

6.25 
*  6.'3" 

4.65 
4.50 

3.1 

1.85 



0.7 

3...r 

7.6 

4.5 

4         ... 

7.4 

3.5 



0.85 

6 

6 

7.5 



4.4 

6 

6.2 

4.45 

1.8 

.8 

7            

7.4 

6.8 

4.3 

2.95 

6 

8  

4.5 

7.25 

7.45 

6.2 

9 

7.4 
7.35 

'e.'?" 

6.1 
6.0 

1.75 

•7 

10 

4.55 
'*4.*35" 

7.1 

7.3 
7.2 

6.0 

4.1 

n 

2.65 

"L6  ' 

.8 

.5 

12 

5.9 

4.1 

13 

7.35 

■6.45' 

5.8 

7.4 

14 

5.8 

4.0 

2.6 

1.6 

.5 

15 

7.35 

4.55 

7.55 

7.2 

16            

5.6 
"6.'4  " 

5.6 
5.4 

■*3.'95 

2.4 

1.6 

.45 

17 

7.35 

6.4 

4.6 

*7.'6' 

7.2 

18 

2.4 



.7 

.45 

19 

6.36 
6.4 

7.3 

"5.'3" 

3.85 

20 

7.2 

5.4 

4.7 

7.55 

.7 

21 

3.75 

2.2 

1.3 

.6 

22 

7.1 

4.85 

7.6 

'J.'is' 

7.1 

5.1 

23 

2.1 

"i'os' 

*2.6  " 

1.3 

.A.... 

1.2 

■*\*6  ' 

.6 

24 

6.4 

6.3 
6.3*' 

6.1 
4.95 

4.95 

5.05 

3.6 

2S 

7.0 

.5 

26 

7.45 
7.45 

6.9 

'*4.'9  ' 

3.5 
'3.4* 

27 

6.96 
7.0 

4.85 

6.2 

.7 

28 

.45 

28 

7.55 

6.7 

4.8 

ao 

4.75 

6.2 

1.9 

1.05 

.7 

.45 

31 

7.0 

4.7 

3.3 

16264— IRR  241—10 6 
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SURFACE  WATER  SUPPLY,  1907-«. 


KENNEBEC  RIVER  AT  THE  FORKS,  ME. 

This  station  is  located  at  the  wooden  highway  bridge  across  Kenne- 
bec River  at  The  Forks,  about  2,000  feet  above  the  mouth  of  Dead 
River.  It  was  established  September  28,  1901,  to  obtain  general 
statistical  and  comparative  data  regarding  the  flow  of  the  Kennebec. 

The  nearest  dam  used  for  storage  is  about  12  miles  above  the  sta- 
tion, at  the  outlet  of  Indian  Pond.  From  about  May  1  to  July  31 
considerable  fluctuation  in  gage  height,  ranging  from  2  to  over  5  feet, 
occurs  daily,  owing  to  regulation  of  flow  for  log  driving. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  Its  elevation  above  mean  sea  level,  revised  July,  1906, 
is  565.44  feet.  During  the  winter  months  the  discharge  is  affected 
by  the  ice.  Conditions  for  obtaining  accurate  discharge  data  are 
fairly  good,  except  for  occasional  backwater  effect  from  Dead  River, 
and  a  good  rating  curve  has  been  developed  for  medium  and  low 
stages. 

Data  prior  to  1907  have  been  revised  and  compiled  in  Water  Sup- 
ply Paper  198. 

Discharge  measuremenU  of  Kennebec  River  at  The  Forks,  Me.,  in  1907-^. 


Date. 


Hydrographer. 


1907. 
February  20... 

Do 

March  17 

Do 

Septembers.. 


1908. 

March  25 

September  24. . 
November  6... 
December  17  «.. 


F.  E.  Preasey. 

do 

....do 

....do 

....do 


F.  E.  Preasey 

do 

Wood  and  French . 
F.  E.  Pressey 


Width. 

Area  of 
aecticBL 

hei|S.tt 

Oage 
height.^ 

Dto- 
charge. 

Thlck- 

nesB 

;  ofioe. 

Feet. 

^'•& 

Feet. 

Feet. 

Sec.-fi. 
2.110 

Feet, 

158 

5.11 

5.31 

2.8 

158 

715 

6.08 

6.28 

2,060 

2.8 

120 

666 

4.50 

4.70 

1.450 

3.0 

120 

692 

4.61 

4.71 

1,470 

3.0 

123 

731 

2.34 

1,600 

133 

956 

4.10 

3,900 

123 

679 

1.91 

1,290 

122 

613 

1.04 

658 

118 

576 

2.05 

2.15 

409 

.88 

a  To  water  surface. 


^To  top  ofioe. 


eCooaidenble  anohor  tea. 
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Daily  gage  height^  infeet^  of  Kennebec  River  at  The  ForkSy  Me. y  for  1907-8. 
[William  W.  Young,  observer.] 


Day. 

Jan. 

Feb. 
2.3 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.  • 
1       

"4.6 

1.40 

11 

1.3 
1.3 

1.4 
1.4 
1.4 
1.4 
1.4 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.6 
1.4 
1.4 

1.4 

1.4 

1.4 

2.25 

3.55 

3.7 

3.7 

3.75 

4.3 

5.2 

6.85 

6.06 

6.6 

6.1 

4.5 

4.36 

3.66 

3.8 

3.06 

4.6 

4.4 

6.7 

6.46 

7.0 

6.85 

6.9 

6.35 

6.45 

7.1 

6.66 

7.3 
6.8 
5.2 
6.6 
6.9 

6.25 

5.0 

6.25 

5.85 

6.2 

5.85 

5.9 

6.2 

5.7 

5.36 

7.15 

8.3 

7.66 
8.25 
8.15 
8.25 

8.1 

7.05 

4.6 

4.6 

5.1 

5.7 

5.9 

6.65 

6.15 

6.3 

6.7 

6.4 

5.85 

6.0 

5.8 

5.8 

5.6 

5.05 

5.  .55 

5.55 

6.5 

6.36 

6.4 

6.7 

4.5 

4.86 

6.0 

6.6 

4.7 

4.35 

4.4 

4.6 
4.6 
4.4 

4.15 
4.05 

3.96 

3.05 

3.6 

3.85 

3.9 

3.75 

4.0 

4.0 

3.8 

4.0 

4.1 

6.05 

3.4 

3.15 

4.0 

6.8 

7.0 

7.15 

7.2 

6.6 

6.05 
5.65 
6.35 
4.65 
6.3 

4.9 

3.9 

3.85 

3.8 

3.9 

4.75 
4.25 
4.5.5 
4.95 
6.05 

5.05 
6.05 
4.75 
4.95 
5.55 

4.05 

4.6 

4.75 

3.65 

3.6 

4.8 

6.3 

6.6 

6.76 

6.7 

3.96 

4.06 

4.3 

4.36 

4.0 

3.8 

4.4 

2.86 

2.3 

2.1 

2.1 

1.9 

1.85 

1.8 

3.6 

3.65 

1.7 

3.3 

8.75 

3.66 

3.6 

4.2 

4.1 

3.6 

3.66 

3.76 

3.6 
3.6 
3.45 
3.45 
3.45 

3.56 

3.6 

3.6 

3.66 

3.6 

3.55 

3,4 

3.3 

3.3 

3.3 

1.3 

3.35 

3.35 

3.35 

3.35 

3.35 

3.3 

3.3 

3.3 

3.25 

3.25 

3.25 

1.4 

3.35 

3.35 

3,35 

3.70 

3.56 

3.6 

3.4 

3.26 

3.6 

3.65 

3.46 

3.3 

4.4 

3.26 

4.76 

4.55 

4.0 

3.65 

3.55 

3.7 

3.65 

3.35 

3.4 

3.76 
3.75 
3.75 
3.65 
4.1 

3.8 

3.8 

3.6 

3.7 

3.76 

3.8 

3.3 
6.3 
6,0 
6.0 
3.2 

3.2 
4.65 
3.0 
2.5 
2.6 

2.6 
3.0 
3.2 
3.2 
3.1 

3.1 
3.1 
3.0 
3.0 
3.0 

2.95 

2.9 

2.9 

2.65 

2,55 

2.5 
2.5 
2.4 
2,5 
2.5 
2.6 

3.70 

3.6 

3.6 

3.3 

3.1 

3.1 
3.0 
3.0 
3.0 
2.6 

2.2 
2.7 
2.7 
2.7 
2.7 

2.66 

2.3 

2.2 

2.2 

1.9 

2.05 

2.35 

2.4 

2.6 

2.0 

1.9 

1.66 

1.35 

1.35 

1.7 

2.55 

2.6 

2.6 

2.6 

2.4 

2.4 

2.35 

2.3 

2.4 

2.45 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.1 
2.1 

2.1 
2.0 
2.0 
2.0 
1.95 

1.9 

1.9 

2.0 

2.15 

2.0 

1.66 

1.6 

1.6 

1.3 

2.0 

1.7 

1.6 

1.7 

1.85 

1.76 

1.7 

1.7 

1.65 

1.7 

1.6 

1.6 

1.45 

1.35 

1.3 

1.3 

1.3 

1.75 

1.8 

2.1 

2.1 

2.1 

2.1 

2.26 

2.95 

2.9 

2.65 

2.0 

2.05 

1.95 

1.8 

1.65 

1.6 

1.5 

1.45 

1.4 

1.4 

1.45 
1.6 
1.5 
1.5 
1.6 

1.5 
1.5 
1.5 
1.4  . 
1.35 

1.3 

1.3 

1.2 

1.25 

1.1 

1.2 

1.2.5 

1.25 

1.25 

1.25 

1.26 

2.40 

2.1 

3.1 

4.3 

4.15 

3.7 

4.85 
6.35 
8.5 
7.66 

7.35 

7.25 

7.1 

6.85 

4.55 

2.76 

1.66 

1.4 

3.25 

3.4 

3.4 

3.4 

4.15 

4.4 

4.15 

4.3 
4.3 
4.3 
4.1 
3.95 

1.15 

1.16 

1.15 

1.1 

1.0 

i.o 

1.0 
.9 
.9 
.9 

1.0 
1.0 

.9 

.9 

.9 

.9 
.9 
.9 
.9 
.9 

.8 
.8 
.8 
.8 
.8 

.8 
.9 
.9 
.9 
.9 

3.70 

2 

3.4 

3            

3.1 

4 

3.7 

5            

2.7 

3.7 

6        

3.8 

7 

.  3.6 

8 

2  3 

""4.S 

2.75 

9     

3,46 

10 1 

3.2 

„ 1 

3.65 

12 

2.8 

3.35 

13 

3.2 

14 , 

2.65 

15 

2.4 

16 

.5 

4.5 
4.5 
4.5 
5.1 

2.25 

17 

2.2 

18 

1.5 

19 

20 

2.9 

*'5:i' 

2.9 
3.0 

« 1 

2.9 

22 

2.45 

23 

4.3 

2.26 

24 ! 

4.5 

3.6 

25 

4.65 

« ' 

4.5  " 

27     .   ' 

3.6 

28::::::::. :::.:.!. .:.... ::::::: 

2.26 

29 1 

2.65 

»:::::::::::::::':.:..:. 

2.0 

2.6 

31 

2.55 

1908.6 

1 

2 

3 

4 

5 

« 

7 

8 

2,70 

2.65 

3.05 

3.0 

3.0 

3.0 
3.0 
3.0 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.9 
2.9 
3.8 
3.8 

3.8 
3.7 
3.4 
3.2 
3.0 

3.0 
3.0 
2.0 
2.0 
2.3 
2.8 

2.85 

2.9 

3.05 

3.15 

3.4 

•3.5 
3.5 
3.75 
3.8 
3.85 

4.15 

4.1 

4.0 

3.9 

3.7 

3.7 
2.5 
2.5 
2.5 
2.5 

2.5 
2.4 
2.4 
2.4 
2.4 

2.66 
3.0 
3.0 
3.0 

3.0 
2.9 
2.9 
3.3 
3.3 

3.3 
3.4 
3.4 
3.9 
3.9 

3.8 
3.9 
3.9 
4.0 
4.1 

4.0 
3.9 
3.8 
3.8 
3.8 

3.7 
3.7 
4.1 
4.1 
4.1 

4.1 
4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
3.8 
3.8 
3.8 
3.8 

3.7 
2.5 
2.2 
2.2 
2.7 

2.9 
2.9 
3.0 
3.4 
3.3 

3.3 
2.3 
2.0 
1.7 
1.4 

1.4 
1.3 
1.4 
2.1 
2.55 

3.15 

4.8 
6.8.5 
5.85 
5.45 

0.9 
.9 
.9 
.9 

1.5 

9 

2.0 

10 

11 

12 

13 

14 

15 

16 

2.1 

17 

18        

19 

2.1 

20 

21 

22 

23.* 

1.9 

24 

25 

26 

2.0 

27 

28 

29 

1.9 

30 

31 

•  Ice  conditions  during  January,  Febniary,  and  March,  1907. 

» Ice  conditions  from  about  January  31  to  Febniary  16  and  about  March  4  to  31, 1908;  also  about  Decem- 
ber 5  to  31, 1906.  During  the  frozen  seasons  1907-8  gage  readings  were  taken  to  water  surface  in  a  hole  cut 
In  the  Ice. 
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SURFACE   WATER  SUPPLY,   1907-8. 


Rating  table /or  Kennebec  River  at  The  Forks,  Me., /or  1907^. 


Qaee        Di»-         Gaee        Di3- 
heignt.    charge,     height,  i  charge. 


FeeL 

aso 

.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 


Sec.'ft. 

Feet, 

520 

2.10 

565 

2.20 

615 

2.30 

670 

2.40 

7.30 

2.50 

795 

2.60 

8ii0 

2.70 

ftJO 

2.80 

1.000 

2.90 

1,075 

3.00 

1,155 

3.10 

1,235 

3.20 

1,320 

3.30 

8ec.-fU 
1,405 
1,495 
1,590 
1,700 
1,815 
1,935 
2,060 
2,190 
2,325 
2,470 
2,620 

•  2,775 
2,935 


he^t. 
Feet. 

charge. 

Oaee 
height. 

charge. 

8ec.-ft. 

Feet. 

See.-ft. 

3.40 

3,100 

5.40 

7,590 

3.50 

3,270    , 

5.60 

8,145 

3.60 

3,450    1 

5.80 

8,720 

3.70 

3,635 

6-00 

9,315 

3.80 

3,825 

6.20 

9,930 

3.90 

4,020 

a40 

10,550 

4.00 

4,220 

6.60 

11,190 

4.20 

4,635 

6.80 

11,850 

4.40 

5,070 

7.00 

12.520 

4.60 

5,535 

8.00 

16.070 

4.80 

6,020 

9.00 

19,890 

5.00 

6,525 

5.20 

7,050 

Note.— The  above  table  is  not  applicable  for  ice  or  obstracted-channel  conditicms.  It  is  based  oo  dis- 
charge measurements  made  during  1901-1908  and  is  well  defined  below  gage  height  5  feet.  Above  PSE 
height  5  feet  it  may  give  somewhat  too  large  discharge. 

Monthly  discharge  o/  Kennebec  River  at  The  Forks,  Me., /or  ISCms. 
[Drainage  area,  1.570  square  miles.] 


Lake. 

Second-feet. 

Discharge,  Febniarv  1  to  16.  1908 2, 100 

March  4'to  31 ,  1908 3, 170 

Dec€ral)er  5  to  31 ,  1908 435 

The  relatively  low  accuracy  values  from  May  to  August  for  1907  and  1908  are  due  to  errors  In  compated 
discharge  cau.sed  by  controlled  flow  for  flushing  logs  down  the  river  and  backwater  from  log  jams.  Tbe 
discharge  is  probably  too  high  for  most  of  these  months,  and  particularly  so  for  August,  1906. 


Digitized  by  VjOOQIC 


KENNEBEC  BIVEB  DRAINAGE  BASIN. 


85 


KENNEBEC   EIVEE   AT    BINGHAM,  ME. 

This  station,  which  is  located  at  the  new  steel  highway  bridge 
across  Kennebec  River  at  Bingham,  was  established  June  21,  1907, 
to  obtain  general  statistical  and  comparative  data  regarding  the 
flow  of  the  Kennebec.  It  is  located  just  below  the  mouth  of  Austin 
Stream.  The  nearest  dam  is  about  11  miles  downstream  at  Solon, 
but  the  station  is  above  the  influence  of  backwater.  The  drainage 
area  at  this  point  is  2,670  square  miles. 

The  datum  of  the  gage  has  remained  the  same  during  the  main- 
tenance of  the  station.  During  the  winter  months  discharge  is 
affected  by  the  ice.  Conditions  for  obtaining  accurate  discharge  data 
are  good,  but  no  rating  table  has  been  published  because  of  the  few 
discharge  measurements  made  up  to  this  time. 

This  station  was  established  to  replace  the  stations  at  North 
Anson  on  the  Kennebec  and  The  Forks  on  Dead  River.  In  connec- 
tion with  the  other  stations  in  this  drainage  basin  the  records  of 
discharge  will  afford  a  basis  for  an  estimate  of  water  for  power  and 
storage  flowing  in  the  Kennebec  at  any  point. 

Discharge  meamrementa  of  Kennebec  River  at  Bingham^  Me.^  in  1906-1909, 


Date. 


1906. 
Sq;>tember6 — 

1907. 

Uaxth\9cd 

Do.ed 

Jane  23 

Sq;>tember  18. . 

1908. 

March  26d 

September  23. . 
Noyember  5. . . 
December  15(<. 

1909. 

April  23 

llAyl9 


Ilydrographer. 


F.  E.  Pressey. 


F.  E.  Pressey. 

do 

do 

do 


F.  E.  Pressey 

do 

Wood  and  French. 
F,  E.  Pressey 


F.  E.  Pressey. 
do 


o  To  water  surlace. 
6  To  top  of  ice. 


Width. 

Area  of 
section. 

helght-o 

height.6 

Thick- 
ness of 
-ice. 

Feet. 
419 

402 
402 
437 
423 

530 
406 
396 
402 

444 

461 

Sq.ft. 
1,680 

1,500 
1,4«0 
2,620 
.1,740 

3,800 
1,580 
1,420 
1,400 

3,120 
3,940 

Feet. 
a  14 

5.79 
5.79 
4.85 
a  21 

9.73 
2.52 
2.18 

aoo 

6.03 

7.37 

Feet. 

Feet. 

5.79 
6.79 

2.80 
2.80 

iao3 

2.60 

3.10 

.88 

Dis- 
charga 


Sec.-ft. 
2,670 


2,650 
2,420 
7,550 
2,600 


5,200 

1,490 

797 

805 


13.200 
23.200 


e  Gates  open  in  dams  at  Pierce  and  Moxie  ponds. 
d  Anchor  ice. 
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Daily  gage  height,  in  feet,  of  Kennebec  River  at  Bingham,  Me.,  for  1907-8, 
[C.  R.  EUl8,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

ig07.a           1 
1 

2 

3.               

4 1 

5.            

6 ' ' 

7 

8 

9 , 



10 1 

„ ; ' 

12.                     .     '     1 

:: : 

13::::::::::::::':::::::  :: 

14 



15 

16 

17...                      1     ..   .. 

18 1 

19 

1 

20 

1 

1 

1 

22 

4.  15 

23 

4.0 

3.95 

3.9 

4.25 

4.95 

4.8 

4.25 

4.6 

24 

25 

26 ! 

27...:...:::....: 

28 1 

29 

30 

31 

1908.fc           1 

1 1   lao 

7.4 

8-25 

a  75 
7.15 
a  75 

a2 

5.3 

5.7 
5.2 
5.0 
4.9 

4.85 

5.2 
4.75 

2 10.  5 

3 10.0 

7.8 

4 1      9.5 

5  '     .   .. 

i6.'3 

9.1 



7.05 
7.5 

7.65 
7.45 

7.8 
7.9 

7.85 

7.85 
7.25 
6.0 
4.95 
6.2 

5.85 

6.1 

a55 

6 1    .... 

7:.:.:::..::::..:::::;:::;::: 

I:::::::::;::;::l...»l 

5.7 

10 

„ 1  

8.8 



12 

13 

lai 

4.5 

14 

5.0 
4.55 

4.6 

5.1 

4.9 

4.45 

4.3 

.    4.25 
4.05 
4.05 
4.15 
4.05 

3.9 
3.5 
4.  7r> 
4.3.') 
4.0 

15 

7.5 



4.2 

16 



17 

:::::::::::::: 

9.3  1 

18 

19. 

. 

9.0    ! 

ai 
a  55 

as 

5.05 
5.2 
5.75 
4.75 

4.  7 

20 

1 1 

21 

22 1      8.7    , 1      3.1 

23 ' 1 ' 1     - 

24 

1 ' 

25 

20 

a7  '      9.6 

27*. 

7.0 

4.9 

4.8 

5.75 

5.5,5 

6.4 

28 1 1      9.0    

29 1      9.0  1 ' 

30 1 ' 

8.0 
8.2 
7.4 

31 

Aug. 


5.2 
5.06 
5.45 
5.35 
5.0 

4.75 

4.3 

4.25 

4.6 

4.35 


4.15 
4.05 

a9 

3.85 
3.8 

a9 

2.0 
3.7 

3.8 
3.8 

a  75 

4.15 
4.15 
3.9 

as 

4.05 


as 
a65 
a  85 
a65 
a55 

a6 

a65 

a7 

ae 

a6 

a6 

a55 

as 

a5 

a7 

a  75 
a  45 
a5 
a  45 
a55 

a7 
a2 
ai 
a5 
a55 

as 
a  4 
a4 
a  35 
a  35 
a  35 


4.3 
4.2 
4.05 

ao5 

4.05 

4.05 

4.05 

4.05 

4.1 

4.05 


4. 35  ;  a  75 

45    '  a95 

4.35  I  4.05 

4.55  a7 

4.35  as 


a7 
a65 
a65 
a  75 
a7 

ao 
ao 
a85 
a  75 

4.25 

as 
as 
a7 
ae 
a? 
as 


a35 
a25 
a35 
a35 
a4 

a55 
aos 
ae 
a  15 
ai 

ao 

2.95 
2.95 

a25 
a35 

a25 
a  15 
a45 
a35 
a35 

a25 
a  15 
a  15 
a  15 
a  15 

ao5 

2.95 
2.96 
2.95 
2.95 
2.95 


Sept. 


a  75 

aes 
ae 
a7 
as5 

ai 
a? 
a4 
a4 
a2 

ai 
ae 
a7 
a4 
a4 

a4 
a3 
a2 
ai 
ao 

2.0 

ao 
ao 
a4 
as 

a4 
a3 
ai 

2.9 

as 


2.05 
2:05 
3.15 

ao5 

2.05 

2.05 
2.95 
2.95 
2L95 
2.85 

2.05 
2.05 
2.85 
2.86 
2.85 

2.86 
2.79 
2.75 
2.75 
2.75 

2.75 
2.65 
2.7 
2Le 
2.6 

2.5 
25 
2.5 
2.S 
2.S 


Oct. 


I 


as 
a7 
as 
as 

ae 

a7 
as 
a4 

4.0 
4.1 

ao 
ao 
a7 
ae 


Not.  I  Dec 


4.3 
4.0 

&0 

6.1  ! 

5.5  I 

e.75  \ 

7.75 

8.2  < 
7.7 

as  I 

«.5  I 
&4  ; 


as  I  5.3 


a4 

4.4 

as 

as 

ai 

a3 

zo 

a4 

ao 

4.0 

ao 

4.0 

ao 

ao 

ao 

ao 

ao 

4.2 

ao 

4.2 

ao 

4.3 

210 

4.5 

ai 

4.4 

4.7 

4.3 

as 

4.2 

4.7 

27 

22 

2.8 

21 

2.7 

21 

2.6 

21 

2.5 

21 

2.5 

21 

2L4 

21 

2.4 

21 

2.3 

21 

23 

21 

24 

21 

24 

21 

24 

20 

24 

21 

24 

21 

24 

22 

24 
23 
22 
22 

22 
22 
22 
21 
21 

21 
23 
23 
22 
22 
22 


22 
23 
27 
25 

23 
24 
25 
29 
28 

27 
23 
24 
24 
23 


r 


a  Fourteen  pales  opened  at  Moosehead  Lake  November  7,  and  closed  November  14, 1907.  Anchor  lc« 
dtirintr  the  tirst  half  of  l)e<'einl)er.    DLsc'harpe  alTeoted  by  ice  conditions  about  Decismber  19  to  31.  1007. 

*  Discharge  atlected  by  ice  conditions  from  January  1  to  about  April  26.  about  November  16  to  26, and 
December  1  to  31, 1908.    (iage  heights  during  the  frozen  periods  are  to  water  surface  In  a  hole  in  the  ioe. 
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^^ 

Dis- 
charge. 

Gage 
height. 

DIs- 
charge. 

Gace 
height 

Dis- 
charge. 

Gage 
hel^t 

DIs- 
charge. 

Feet, 

See.'fl. 

Feet. 

Sec-fi, 

FeeL 

8ee.-/L 

Feet. 

Sec.'ft. 

2.00 

020 

3.30 

2,960 

4.50 

6,500 

6.40 

14,890 

2.10 

750 

3.40 

3,200 

4.60 

6,860 

6.60 

15,930 

2.20 

890 

3.50 

3,450 

4.70 

7,230 

6.80 

17,000 

2.30 

1,040 

3.60 

3,710 

4.80 

7,610 

7.00 

18,100 

2.40 

1,190 

3.70 

3,980 

4.90 

7,990 

7.20 

19,230 

2.50 

1,350 

3.80 

4,260 

5.00 

8,380 

7.40 

20,380 

2.60 

1,520 

3.90 

4,550 

5.20 

9,210 

7.60 

21,560 

2.70 

1,700 

,    4.00 

4,850 

5.40 

10,060 

7.80 

22,760 

2.80 

1,890 

4.10 

5,160 

5.60 

10,990 

8.00 

23,960 

2.00 

2,090 

4.20 

5,480 

5.80 

11,920 

&20 

25,220 

3.00 

2,300 

•    4.30 

5,810 

6.00 

12,880 

a40 

26,490 

3.10 

2,510 

4.40 

6,150 

6.20 

13,870 

&60 

27,780 

3.20 

2,730 

NoTK.— The  above  table  Is  not  applicable  for  Ice  or  obstmcted-channel  conditions.    It  Is  based  on  7 
dbcbajrge  measurements  made  during  1906-1909  and  Is  well  defined. 

Monthly  diKharge  of  Kennebec  River  at  Bingham,  Me.,  for  1907S. 
(Drainage  area,  2,660  square  miles.) 


Month. 


June  22  to  30. 
July 

August 

September... 

October 

November... 
December 


1907. 


Discharge  In  second-feet. 


Maximum. 


January.... 
February.. 
March 

i&\::::v. 

June 

July 

August 

September. 

October 

Noyemb^'. 
December.. 


1906. 


Thejrear. 


8.180 
12,600 
5.810 
4,400 
9,640 
25,200 
10,100 


Minimum. 


4,550 
2,090 
3,710 
2.090 
2,090 
2,960 


Mean. 


5.930 
5,950 
4,540 
3,150 
3,680 
9,740 
5,660 


Per 
square 
mile. 


2.23 
2.24 
1.71 
1.18 
1.38 
3.66 
2.13 


27.800 
25.500 
18,900 
4,400 
4,700 
2,620 
1,890 
1,190 


27,800 


7.230 
3,450 
2.510 
2,200 
1,350 
750 


3,200 
2,600 
3.800 
6,520 
15.600 
8.230 
3.540 
2,800 
1,930 
1,120 
744 
749 


4,240 


1.20 

.977 

1.43 

2.45 

5.86 

3.09 

1.33 

1.05 

.726 

.421 

.280 

.282 


1.59 


Run-off 

rdepth  in 

incnes  on 

drainage 

area). 


0.75 
2.58 
1.97 
1.32 
1.59 
4.06 
2.46 


1.38 

1.06 

1.65 

2.73 

6.76 

3.45 

1.53 

1.21 

.81 

.49 

.31 

.33 


21.71 


Accu- 
racy. 


Note. — Discharge  December  19  to  31,  1907,  determined  from  the  discbarge  at  The  Forks  and  at  Water- 
▼flle.  Discharge  during  the  froten  neriods  In  1906  determined  from  a  study  of  the  discharge  at  The  Forks 
and  the  conditions  of  storage  at  Mooaehead  Lake,  cllmatologlcal  reports,  and  two  measurements  made 
under  ice  conditions. 

Second-feet. 

Discharge  December  19  to  31, 1907 6,000 

April  1  to  26,  1908 4,000 

November  16  to  26,  1908 WO 

KENNEBEC    RIVER  NEAR  NORTH    ANSON,  ME. 

This  station  is  located  IJ  miles  east  of  North  Anson  and  about  1 
mile  above  the  mouth  of  Carrabassett  River,  at  a  wooden  highway 
bridge  across  the  Kennebec,  known  locally  as  Patterson  Bridge.  It 
was  established  October  18,  1901,  to  obtain  general  statistical  and 
comparative  data  regarding  the  flow  of  the  Kennebec  and  was  dis- 
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continued  August  16,  1907,  being  superseded  by  the  station  at 
Bingham. 

Dams  are  located  at  Solon,  about  8  miles  above  the  station,  and  at 
Madison,  some  6  miles  below.  The  discharge  at  North  Anson  is 
probably  not  aflFected  by  the  dam  at  Madison.  Considerable  daily 
fluctuations  in  the  gage  heights  at  this  station  occur  from  about 
May  1  to  July  31,  owing  to  the  regulation  of  the  flow  at  Indian  Pond 
dam  for  log  driving.  Thesa  fluctuations  are,  however,  less  marked 
than  those  at  The  Forks.  The  gage  datum  has  remained  the  same 
during  the  maintainance  of  the  station  and  is  243.83  fe^t  above 
mean  sea  level,  as  determined  by  the  Kennebec  River  survey  of  1904, 
and  readjusted  in  1906.  During  the  winter  months  the  discharge  is 
affected  by  ice. 

The  two  rating  curves  developed  for  this  station  are  fairly  good 
at  medium  and  low  stages,  but  are  somewhat  uncertain  at  high  stages. 
Frequent  measurements  have  been  made  during  frozen  periods  and 
fair  estimates  of  discharge  determined  during  ice  conditions  from  the 
ratings  developed.  Further  details  of  ice  measurements  at  this 
point  are  given  in  Water-Supply  Paper  187. 

Data  prior  to  1907  have  been  revised  and  compiled  in  Water-Supply 
Paper  No.  198. 

Daily  gage  height,  in  feet,  of  Kennebec  River  near  North  Anson,  Me.,  for  1907. 
(H.  C.  stetson,  observer.] 


Day. 

Jan. 

Feb. 

4.36 
4.4 

4.6 
4.56 
4.65 

4.65 
4.65 
4.65 
4.65 
4.7 

4.75 
4.85 
4.95 
6.15 
6.35 

6.65 
6.55 
5.65 
5.85 
6.05 

6.10 

Mar. 

Apr. 

May. 

June. 

July. 

6.6 

7.7 

6.76. 

6.6 

6.25 

6.6 
6.0 
6.0 
6.2 
6.1 

4.95 
4.9 
6.O5 

\^ 

4.3 
4.3 

^'h 

6.0 
3.9 
4.2 
4.4 

^'h 

4.9 
6.2 
5.1 

5.1 

5.35 

4.9 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

4.4 

4.56 
4.66 
4.56 
4.45 

4.45 
4.35 
4.36 
4.36 
4.35 

4.26 
4.25 
4.15 
4.15 
4.15 

4.15 
4.15 
4.15 
4.15 
4.25 

4.25 
4.25 
4.25 
4.25 
4.25 

4.25 
4.25 
4.35 
4.35 
4.35 
4.35 

12.95 
12.95 
11.86 
10.4 
9.2 

7.96 
6.6 
6.65 
7.35 
8.1 

7.95 
7.95 
8.35 
8.2 
9.1 

8.75 

7.95 

9.6 

8.95 

9.65 

8.50 

7.75 

6.9 

6.25 

6.0 

6.2 
6.2 
6.9 
7.2 
7.6 
7.4 

6.75 
6.6 
6.05 
6.6 
6.4 

6.6 

6.7 

5.45 

5.66 

5.75 

5.3 

5.45 

5.75 

6.86 

5.7 

4.5 
4.6 

4.8 

4.75 

4.6 

4.7 
4.6 
4.65 
4.5 
4.6 

4.8 
5.7 

6.85 
5.05 

..":'". 


6.2 

4.7 

4.66 

4.45 

4.3 

4.2 
4.3 
4.25 
4.16 
4.16 

4.05 

3.96 

4.1 

3.8 

4.3 

4.1 

2 

3 

6.9 

4 

1 

6 

1 

6 

7 

5.8 

8 

1 

9. 

10 

6.6 

11 

1 

12 

1 

13 

14 

5.2 

15 

16 

1 

17.. 

6.8 

4.35 
4.05 

3.9 

3.a5 

4.0 
6.55 
8.1 

7.35 
8.25 
8.0 
8.4 
9.8 

18 

19 

20 

21 

22 

23 

24 

6.3 



25     . 

26 

27 

28 

29 

30 

31 

6.2 

Note.— Ice  conditions  prevailed  from  January  1  to  April  17.    Gage  heights  are  to  the  top  of  the  loe  for 
f-y  and  February  and  to  water  surface  iu  a  hole  cut  in  the  ice  March  and  April. 
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Rating  tables  for  Kennebec  River  near  North  Anson,  Me. ,  for  1904^1907, 
UNDER  OPEN-CHANNEL  CONDITIONS. 


Oace 


Dte- 
charge. 


Feet. 
1.90 
2.00 
2.10 
2.20 
2.30 
2.<I0 
2.50 
2.60 
2.70 
2.80 
2.00 
3.00 
3.10 


8te.-/t. 
000 
1,060 
1,182 
1,204 
1,416 
1,544 
1,680 
1.822 
1,070 
2,124 
2,284 
2,450 
2,621 


hei^. 

Di8- 

charge. 

1    Ga«e 
1  height. 

charge. 
See.-ft. 

Oaee 
height. 

Dte- 
charge. 

Feet. 

aee.-ft. 

Feet. 

Feet. 

Sec-fL 

3.20 

2,707 

4.50 

6,536 

6.60 

11,310 

3.30 

2,078 

4.60 

5,770    ; 

6.80 

11,920 

3.40 

3,164 

4.70 

6,026    1 

7.00 

12,550 

3.50 

3,355 

4.80 

6,277    : 

7.20 

13,200 

3.60 

3,551 

4.90 

6,532    1 

7.40 

13,880 

3.70 

3,752 

5.00 

6,790 

7.60 

14.580 

3.80 

3,958 

5.20 

7;  316 

7.80 

15,300 

3.00 

4,1G0 

5.40 

7,858    1 

8.00 

16,030 

4.00 

4,385 

5.60 

8,415 

9.00 

19,030 

4.10 

4,606 

5.80 

8,984 

10.00 

24,030 

4.20 

4,832 

6.00 

9,565 

11.00 

28,530 

4.30 

5,063 

6.20 

10,130 

12.00 

33,130 

4.40 

6,207 

'    6.40 

10,710 

13.00 

37,930 

Note.— The  first  table  Is  not  raplicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  7 
diseharge  measorements  made  during  1904-1906  and  the  form  of  the  1908  curve.  It  is  well  defined  below 
gage  height  5  feet. 

UNDER  ICE  COVER. 


2.00 

1,000 

2.60 

1,520 

3.20 

2,075 

3.80 

2,660 

2.10 

1,065 

2.70 

1,610 

3.30 

2,170 

3.90 

2,760 

2.20 

1,170 

2.80 

1,700 

3.40 

2,265 

4.00 

2,860 

2.30 

1,255 

2.90 

1,790 

3.50 

2,360 

4.10 

2,970 

2.40 

1,340 

3.00 

1,885 

,    3.60 

2,460 

4.20 

3.060 

2.50 

1,430 

3.10 

1,960 

1    3.70 

2,560 

4.30 

3,190 

Note.— The  second  table  is  applicable  only  for  ice-cover  conditions.  It  is  based  on  13  discharge 
measurements  made  during  1904-1906,  and  is  well  defined  between  gage  heights  2.5  feet  and  3.4  feet. 
Gage  heights  refer  to  bottom  of  ice. 

Monthly  discharge  of  Kennebec  River  near  North  Anson,  Me.,  for  1907. 

[Drainage  area,  2,790  square  miles.] 

Discharge  In  second-feet. 


Month. 


January 

February 

March 

April 

}/^7 

June , 

July 

August  1-16. 


Maximum. 


1,920 
2,860 


23,200 
37,700 
11,800 
14,900 
7,320 


Minimum. 


1,040 
1,040 


7,320 
5,540 
4,170 
3,960 


Mean. 


1,440 
1,540 
2,450 
6,450 
17,400 
7,740 
7,190 
5,060 


Per 
square 
mile. 


0.516 
.552 
.878 
2.31 
6.24 
2.77 
2.58 
1.81 


Run-ofT 
(depth  in 
inches  on 
drainage 
area). 


0.50 
.57 
1.01 
2.58 
7.19 
3.09 
2.97 
1.08 


Accu- 
racy. 


KENNEBEC   RIVER   AT   MADISON,  ME. 

The  following  measurements  of  the  low-water  discharge  of  Kenne- 
bec River  at  the  new  concrete  dam  of  the  Hollingsworth  &  Whitney 
Company  were  made  and  furnished  for  publication  by  C.  S.  Hum- 
phreys, engineer,  Madison,  Me. : 

Discharge  of  Kennebec  River  at  Madison,  Me. 
[Drainage  area,  3,220  square  miles.) 

December  28,  1908  (Monday) 992 

December  29,  1908 853 

December  30,  1908 758 

December  31,  1908 847 
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January  1,  1909 967 

January  2,  1909 584 

Mean  for  six  day8 : 834 

Mean  per  square  mile  for  six  days 0. 26 

It  is  stated  that  no  detailed  gage  readings  were  taken  on  Sunday, 
December  27,  but  from  available  information  the  discharge  that  day 
was  at  least  800  second-feet.  Probably  the  mean  flow  for  six  days 
as  given  is  substantially  the  mean  for  the  week.  It  is  stated  that  the 
above  results  are  probably  correct  within  5  per  cent. 

KENNEBEC   RIVER   AT   WATERVnXE,   ME. 

Observations  of  the  flow  of  Kennebec  River  at  Waterville  have 
been  made  by  the  Hollingsworth&  Whitney  Company  since  November, 
1891,  and  have  been  continuous  since  January  12,  1893.  This 
company  manufactures  manila  paper  and  ground-wood  and  sulphite 
pulp.  The  records  for  1907  and  1908  have  been  furnished  for  com- 
putation by  George  H.  Marr,  engineer  for  the  company. 

The  station  is  located  about  2  miles  above  the  mouth  of  Sebasti- 
cook  River.  Messalonskee  Stream  also  enters  about  3^  miles  below 
the  station. 

The  dam  is  of  timber  crib  work,  the  main  portion  having  a  vertical 
downstream  face  with  a  horizontal  crest  about  5.75  feet  wide  and  an 
upstream  slope  of  about  40^  from  the  horizontal.  The  average 
elevation  of  the  crest  of  the  dam,  as  determined  by  levels  during 
July,  1906,  was  119.37  feet  above  the  Hollmgsworth  &  Whitney 
datum,  or  71.53  feet  above  mean  sea  level,  according  to  the  Kennebec 
datum  as  corrected  by  levels  of  1906.  The  total  length  of  the  dam 
is  800  feet,  which  includes  a  width  of  logway  of  34  feet.  Flashboards 
are  kept  on  the  dam  a  greater  part  of  the  time,  their  average  eleva- 
tion in  July,  1906,  being  123.73  feet  above  the  HoUingsworth  & 
Whitney  datum,  or  75.89  feet  above  mean  sea  level.  The  crest  of 
the  dam  is  in  fairly  good  condition.  The  leakage  has  never  been 
measured,  but  is  assumed  arbitrarily  as  100  second-feet.  The  water 
which  flows  in  the  canals  is  used  through  46  wheels,  most  of  which 
have  been  rated  at  Holyoke  under  practically  the  same  head,  the 
average  head  at  Waterville  being  about  23  feet.  Some  water  is  lost 
from  the  canal  through  small  waste  gates  and  over  wasteweirs.  A 
small  amount,  estimated  at  100  second-feet,  is  used  for  washing  and 
mill  purposes. 

Methods  and.  diagrams  for  estimating  the  flow  through  the  wheels 
and  over  the  dam  were  developed  by  the  late  Sumner  HoUingsworth, 
engineer  for  the  company.  Observations  were  made  at  12  o'clock 
noon  of  each  day,  that  hour  having  been  chosen  after  investigation 
as  a  time  when  the  flow  is  least  affected  by  storage  of  dams  upstream 
and  as  giving  most  nearly  the  average  for  the  day.    When  the  flow 
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of  the  river  is  less  than  about  3,500  second-feet,  all  of  the  water  is 
used  through  the  wheels. 

Prior  to  1906  some  errors  have  occurred  in  computing  discharge 
data  at  this  point,  owing  to  the  use  of  inaccurate  information  regard- 
ing flashboardsy  and  the  records  are  considered  as  only  fair.  Since 
1906  more  care  has  been  taken  and  the  present  results  are  fairly  good. 

The  maximum  crest  discharge  since  records  have  been  kept  occurred 
from  7  until  9  a.  m.  December  16,  1901,  and  was  156,800  second-feet. 
The  average  discharge  during  the  twenty-four  hours  of  December  16, 
1901,  was  127,000  second-feet.  This  was  probably  the  greatest 
flood  occurring  in  the  last  century  on  the  Kennebec,  and  even  with 
this  great  discharge  much  of  the  flood  flow  above  Moosehead  Lake 
(some  1,240  square  miles  of  drainage  area)  was  being  held  in  the 
lake.     (See  Water-Supply  Paper  198  for  discussion  of  this  flood.) 

The  discharge  for  the  minimum  week  occurred  December  14  to  20; 
1903,  and  averaged  638  second-feet. 

Data  prior  to  1907  have  been  compiled  in  Water-Supply  Paper  198. 

Daily  dxacharge,  in  Becond-feet^  of  Kennebec  River  at  Waierville,  Me.,  for  1907-S. 


29. 
30. 
31. 


Day. 


1. 
2. 

3. 
4. 
6.. 

6. 
7.. 
8.. 
9.. 
10.. 


1907. 


0  2,980 
4,010 
3,670 
3,300 
3,970 


11 2,760 

12 2,760 

13 -1,840 

14 2,730 

15 2,620 


Jan. 


Feb.   Mar. 


3,290  2,410 
4.2601  2,670 
4, 420,  a  2, 110 
4,280  2,090 
4,160  2,640 


16.. 
17.. 
18.. 
19. 

ao.. 

21.. 
22.. 
23.. 
24.. 
25.. 


2,680 
2,410 
2,400 
2,100 
0  1,120 

2,420 
2,700 
2,720 
3,010 
2,750 


26 2,540 

27 02,120 

28 2,730 


1906. 


2,590 
2,640 
2,430 


4,210 
4,070 
4,020 
4.000 
02^580 


2, 
2,380 
2,560 
2,680 
o2,120 

2,970 

2,720 

2, 

2,710 

2,680 

3,280 
0  2,410 
3,540 
2,940 
3,230 

3,280 
3,820 
3,790 
o2,650 
3,790 

3,780 
3,760 
3,240 


3,920 
1 2,720 
3.600 
3,950 
3,930 


3,200 
3,400 
02,660 
3,530 
3,340 

3,330 
3,070 
3,030 
3,040 
0  2,080 

3,380 
3,110 
3,060 
3,070 
2,800 


Apr. 


16,900 
16,500 
13,500 
10,800 
12,600027, 


15,800 
013,000 
13,400 
11,000 
9,030 

7,870 
8,450 
8,640 
015,700 
22,900 


May. 


43,500 
44,000 
35,300 
29,400 
,900 


21,100 
17,300 
14,400 
18.000 
17,900 

18,300 
018,400 
16,600 
18,800 
17,900 


2,770  19,000  19,300 

0  2,210  13,900  20,000 

3,900  13,500;  21,400 

3,340  12,900  020,800 

3,880  12,900  22,000 


3,950 

3,980 

4,400 

0  3,740 

4,r' 


•12,100 
6,400 
9,700 
29,700 
41,400 


4,270  24,500 
4,300  29,600 
4,150.025.700 
4,040  26,500 
10,400  29,200 
016,200 


20,600  11,500 
18,000,  9,500 
14,600  0  9,910 
12,200  5,400 
10,600  5,160 

012,000  4.440 


o2,720  8,110 
3,900  8,510 
3,660  g.ftTO 
3,920;  9.890 
3, 9101 0  7.090 


June. 


45,400 
047,300 
37,000 
28,600 
27,500 

18,400 
14,800 
12,700 
015,400 
15,900 

16,000 
16,200 
14,700 
16,800 
14,000 

013,000 
13,500 
16,200 
15,400 
12,500 


July. 


12,000 
18,800 
15,300 
8,530 
9,990 

8,600 
08,600 
8,180 
8,190 
9,270 

8,210 
8,190 
8,630 
o8,630 
8,230 

7,560 
7,070 
3,990 
6,170 
5,170 


Aug. 


7,670 
6,930 
7,200 
1 5, 660 
6,510 

6,480 
6,330 
6,820 
6,520 
5,330 

o5,260 
5,090 
5,280 
4,970 
4,500 

4,970 
5,180 
04,090 
4.670 
4,180 


018,400  3,700 
9,490  5,000 
5,780|  5,040 
7,640  4,850 
8,030  0  4,910 


9,660 
10,300 
14,400 
13,600 
13,500 


16,700 
26,700 
018,300 
12,300 
9.940 


5,270 


7,420 
9,960 


6,300  09,090 


8.630 
07,800 


7,620 
7,270 
6,120 


27,900,  4,1 
20.000  4.99U 
16,800'  4.2fi0 
13,100'  2.460 
10,900  0  4,060 


5, 

5,070 
4,800 
4,840 
4,570 
4,040 


3,490 
a  3,200 
3,350 
2.9G0 
3,050 


Sept. 


'3,740 
4,700 
4,670 
8,170 
6,040 

7,530 
7,140 
05,700 
4,530 
4,340 

4,030 
3,670 
6,800 
5,900 
04,030 

4,350 
4,210 
4,230 
4,040 
3,740 

3,200 
o2,160 
3,190 
3,370 
4,850 

5,640 
4,920 
4,220 
o3,060 
4,810 


Oct. 


9,040 
6,980 
6,740 
5,480 
7,460 

0  7,410 

6,360 

6,060 
13,800 
11,800^44; 


2,960 
2,820 
2,960 
3.030 
2,S20l 


13,000 
7,230 

>6,760 
7,040 
5,980 

5,380 
4,840 
4,050 
4,130 
03,100 

4,090 
3,990 
3,720 
3,960 
3,420 

3,950 
02.990 

3,470 
24,600 
26,900 
15,500 


2,490 
2,260 
2,640 
0940 
2.450 


Nov. 


8,600 
6,260 
05,740 
27,900 
16,700 

10,300 
70,300 
71,200 
47,900 
"  500 


38,700 
31,700 
28,300 
26,200 
24,300^14; 


17,700 
06,520 
5,560 
4,180 
6,380 

6,460 
6,410 
6,380 
06,210 
7,300 

8,860 
9,330 
8,060 
7,840 
7,340 


olOO 
2,350 
1.950 
1,670 
1,800 


Dec. 


>5,610 
6,010 
5.600 
4,790 
4,740 

4,740 
6,170 
06,240 
6,020 
5,180 


25,200 
41.200 
30,800 
23,700 
000 


14,100 
14,400 
13,800 
12,200 
13,400 

15,100 
012,600 
15.400 
15,400 
17,600 

21,700 
19,700 
16,800 
O14.900 
13.700 
13,400 


2,150 
2,460 
1.500 
1.890 
1.430 


a  Sundays. 
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Daily di$eharge,  tmeoomd^/eet,  of  Kemnebee  Riter  at  WaUrrUli,  M^e../or  i  <■-- 


D»y. 


Jan.      F^b. 


Apr.     May.     Jane.    July.     Ajg.     :i«pc      '>t_      !fcrr       i:^ 


190«. 

6 a.flW    3,710    3,m 

7 3,y3>    a.iMT)     3,9r70l 

8 4,l^/>     3/AV>«2,67fj| 

9 4, 4.VI  «  2. 770     3.»7ffl 

10 4,M>    3,9a>     3,90« 

11 4.Wr>     3,940     3 

12 •2,.S7f> 

13 4,(tft 

14 4,flrJ> 

15 4,*» 


I 

4,540'  10,7Qr> 
7,0N0*  10,700  a 
9,«W  9,U*>. 
5,69^  12,100 
7,060>4l2,ia> 
!  I 

„, —     ...„^i    5,240'  14.  MO- 

Z.WP    3,W)i«6,5a>  ll,fiOO 
3/#/i<    a.WT)*    7,790     8,770- 


5.900 
4.M0 

5.330 
5,240 
5.090 


4.1XJ     4,<M>i 

4,010  7.'itO 
4. 29)  .S.  'iJt> 
4.020  •4..:4I> 
4,240     4.La> 


3 'z^)*    3,9»ir^ 
3.^i|a2,M04 


*ij«2 


5,«ff 
6,rj00i 


5, 3^^>  ' 
6,300 


S.1.S0    4,mt 

5,190'«3,»» 
5,11'>  4,J<70 
SJfflt  4,740 
A.  MO     4,740 


3,4«r> 

4.220 
4.4?0  4 

5.  lf/> 
5.0N> 


16 3.9«)'«5,3W 

17 Z.VJff     4,y/)* 

18 3,1W>    4,4WJ' 

19 m2.HJh    4,0f7f^ 

20 4,0Srjl    4,W*> 


4,380| 
4,Vtfl^ 


4,5J0«5.^'» 

4, 250     5, 510 


6,570     5,610 

S.IOIt  5,1.7) 
6.2^ 
4.960 


5.570  4,6uO«3.*i7«> 
«.670  4,^i4f>  3  Mi> 
7,520  4.530  4,oJt 
8.1ft0  <»3..ie0  4, 7-^ 
6.090*     4,530     4,*C5> 


l.^l>  2.«» 

i4iv  i  U) 

2,<»  L.'fc 

2.«u-«l  2* 

2.JX  I  -hC 

1.290-  ^  rjb 

>  44C-  -:.  .=» 

2,ai,-  i  J* 

2.2:t/  i.^iif 

i-o4r/  I  ij. 

2.4I'>  CWO 

2.J70  1.360 

•  9U>  1.^0» 


21 4,000(    4.01O     4,070* 

22 4,020*     4,i00)\a2,fi*y 

23 4,a:»^«2.TJlf    4,430 


24 3,v/r 

25 4.0'3> 

26 •2.730' 

27 4,fl3f> 

28 4,7*/^ 

29 4.090 

30 3.900. 

31 3,gW). 


3,«C0     7,^20 
3,HWi|  10,700 


5.440  5..'510 
5,(*¥t  4/>*> 
&,lJf  4.  KIT) 
7,280'a3,*»»/> 
8,4W>     5,  .330 


3.  V/i* 
3,«^f 
3,M0' 


7.«O«I0,90O 

7.94f>   17,900 

ft.fittO  24,2fJf^ 

o8.ft40  29,200 

8,010   17,  Wr 


4,G2f> 
4.'Mf» 

ft,2W> 
5.210 

4.^r> 

8,140 jfl  13,900. 


•  4,850t 

5.250" 
5,240- 
5.  (fTO 
5.2tt> 

5,lfiO 
5,  l.V; 

a4.^rrf> 

5. '24^)' 

5,no« 


4,690 
4,120 

4,170 
4.¥fi 

z,my 

•  3.440 
4.4HP 

3.  MO 
2,7>if/ 
2.<W0 
3,480 


4,440 

4.  VMt 

3.4T; 
3.44f> 

3.37T? 
2.v/> 
2.V*)' 
2.S40 
•  2.2^ 
3,190. 


i.2n» 

2  52r- 

2.130 

2,1?^ 

2.200i 
•  60rt 

2,oao 

1.94^ 

2,27Tf> 


2.3» 

2.'a> 

l.«0 
•Ml 

I.  no 
i.*r» 
i.3no 

1.7« 

2.4ni> 

I  97^. 


:  At 

1  »•. 


1   LI' 

i.-d-i 


1-  W*     Lfl 


1.4» 


1   X 

1  TX 
1  3K 


•  Sanciays. 

Monthly  ducharge  of  Kennebec  HUrr  at  WalervilU^  Me.,  for  19^/7S. 
[  f>rainacr  arra.  4270  square  miles.} 


Mooth. 


Jairaaiy... 
February . . 

March 

April 

May 

June 

July 

Aujfiwt 

Sept^rnt^er . 

OctofKT 

NovemtxT . 
Decern  l*«r . , 


1907. 


The  year. 


DiflTharKe  in  MConcMeet. 

Ran-aff 

._ 

1 

Per 

'ietuhin 

incbesoo 

Maximum. 

Miaimam. 

Mean. 

square 
iile. 

drainage 

area;. 

4.420 

1,120 

2,910 

• 
0.681 

0.79 

3,820 

2,110 

2,910 

.681 

.71 

16. 200 

2, 080 

4,080 

.956 

1.10 

41,400 

6.400 

16,800  1 

3.93 

4.38 

44,0(10 

9,«)0 

19,700  ' 

4.61 

5.32 

i          47.300 

4,440 

16,200 

3.T9    ■ 

4.23 

18,  WW 

3,990 

8.910 

2.09    , 

2.41 

7.070 

3,700 

5.350 

1.25 

1.44 

8,170 

2,160  ^ 

4,700 

1.10 

1.23 

2fi.900 

2.990 

7,710 

1.81     . 

2.09 

71,20r) 

4,180 

19,100 

4.47    , 

4.99 

41,200 

4,740 

13,900 

3-36    ' 

3.76 

71,200 

1.120 

10,200 

2.39 

32-45 

1908. 
January .      .            

4,760 
5,380 
10.700  . 
29,200 
26,700 
27,900 
4.990 
7,610 
3.030 
2,540 
2.610 
2,460 

2,570 

2,720 

2,670  ■ 

4,540 

3.860 

4,070 

2.460 

2,290 

680 

100 

100 

100 

3,900 
3,890 
5,110 
8,940 
8.850 
7,570 
4,110 
3,960 
2,150 
1,700 
1,290 
1,230 

0.913 
.911 
1.20 
2.09 
2.07 
1.77 
.963 
.927 
.504 
.396 
.302 
.288 

1.06 
.98 

1  38 

February 

March '. 

April 

2.33 

May 

2.39 

June 

1.9S 

July                                                                 

1  11 

Au^Lst 

1.07 

Septeiiilxf                                                        

56 

Ortol)er      *                            

.46 

Novem^>e^ 

.34 

Dectni'^r              .             - 

.33 

'''he  year               

29,200 

100 

4,390 

1.03 

13.86 
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BOACH   BIYEB   AT   BOACH   BIYEB,  ME. 

Roach  River  receives  drainage  from  the  slopes  of  Boardman  and 
White  Cap  mountains  in  west-central  Piscataquis  County,  flows 
northwestward  through  a  series  of  three  ponds,  and  empties  into 
Spencer  Bay  on  the  east  side  of  Moosehead  Lake.  It  is  about  20 
miles  long,  drains  an  area  of  120  square  miles,  and  its  basin  is  com- 
pletely forested.  Dams  at  the  outlets  of  several  ponds  control  the 
flow  of  the  river  for  log  driving. 

The  gaging  station  is  located  at  the  outlet  of  Lower  Roach  Pond, 
near  the  village  of  Roach  River,  and  is  reached  from  Greenville  Junc- 
tion by  stage  or  steamer  or  from  Kineo  by  steamer.  It  was  estab- 
lished November  10,  1901,  to  obtain  general  statistical  and  compara- 
tive data  regarding  the  flow  of  the  river,  and  was  discontinued  June 
30,  1908.  The  gage  is  located  about  100  feet  downstream  from  the 
lowest  of  the  dams,  at  •  which  point  the  river  is  so  completely  under 
control  that  the  stage  varies  but  little  for  weeks  at  a  time. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  The  discharge  is  affected  by  ice  in  the  winter  months. 
Conditions  for  obtaining  accurate  discharge  data  are  good,  and  a 
good  rating  curve  has  been  developed  except  for  discharges  below  2 
second-feet. 

Data  prior  to  1907  have  been  revised  and  compiled  in  Water- 
Supply  Paper  198.      * 

Daily  gage  height^  in/eel^  of  Roach  River  at  Roach  River y  Me.,  for  1907-8. 
^C.  J.  Sawyer,  observer.) 


I»«y. 

Jan. 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 

Feb.  j  Mar. 

Apr. 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 

May. 

2.6 
4.6 
3.8 
4.6 
4.6 

4.3 
4.3 
2.3 
4.3 
4.3 

4.3 
4.2 
3.7 
3.2 
3.2 

5.6 
5.6 
5.6 
5.6 
4.45 

3.3 
5.6 
5.6 
3.3 
5.6 

June. 

3.3 
3.3 
3.3 
5.6 
5.8 

6.0 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

5.0 
5.0 
2.7 
2.7 
4.7 

July. 

2.2 
2.3 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.3 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
3.4 

3.4 
3.4 
3.4 
3.4 
2.4 

Aug. 

2.5 
2.5 
2.5 
2.5 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9  ' 

2.9 

2.9 

2.9 

2.9 

Sept. 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 

2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

Oct. 

Nov. 

Dec. 

1907.« 
1     

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 
2.8 

2.8 

2.8 
2.8 
2.8 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
2.9 

2.9 
2.9 
2.9 
2.9 
3.2 

8.2 
3.7 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
3.4 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 

2        

2.6 

3 ::::::.:: 

2.6 

4 

• 

2.6 

5     

2.6 

f,               

2.6 

7 

2.6 

g      

2.3 
2.3 
2.3 

2.3 
2.3 

< 

2,3 
2.3 
2.3 

2.6 

0    

2.6 

10       

2.6 

11        

1 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.4 
2.4 

2.4 

2.6 

12     

2.6 

13  

2.6 

14 

2.6 

15  

2.6 

,e  ' 1 

2.6 

17 

2.1  

2.6 

18  

2.6 

19     1 

2.6 

20  

2.6 

«  1 1 

2.6 

22 

2.1  , 2.1 

i:::::::;:::::::::::: 

2.4 
2.5 

2.6 
2.6 

2.6 

23 

24      

2.6 
2.5 

2S 

1 1 

2.6 

o  Soe  note  at  end  of  table  next  page. 
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Daily  gage  height,  in  feet,  q[  Roach  River  at  Roach  River,  Me.,  /or  /iW7-*— C'ontinued. 


D«y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

S.3 
3.3 

5-6 
5.6 
5.6 
5.6 

Jane. 

4.5 

2.3 
4.7 
4.7 
4.7 

July. 

2.4 

2.4 
2.4 
2.4 
ZS 

2.5, 

Z9 
2.9 
2.9 
2.9 
Z9 
2L9 

Sept, 

Oct. 

2.9 
Z9 
2.9 
2.9 
2.9 
2.9 

Not.  j 

2.6 
2.6 
2.6 
2.6 
2.6 

Dec 

w 

1907. 

■      2.6 
.      2.6 
1      2.6 
.      Z6 
2.6 

2.8  1 

2.8 
2.8 

2.5 

77 

2.5 

78 

2.1 

2.5 

70 

25 

W 

24 

».. 

'■j 



24 

NoTK.— loe  oooditioDs  prevailed  from  about  Janoary  1  to  March  31, 1907.    Oaee  beJ^iitB  are  to  water 
in  a  bole  in  the  kx.    Ice  in  sluice  from  December  23  to  31.  1907. 


Day. 

Jan. 

Feb., 

Mar. 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2-5 
2.5 
2.5 
2.5 

Apr. 

2.5 
2.5 
2.5 
2.5 
2.55 

2.55 
2-55 
2-55 
2.55 
2.55 

2.55 
2.55 
2.55 
2.55 
2.55 

May. 

5.0 

5.6 

5.2 

3.^.5 

3.1 

5.3 

5.4 

3.85 

2.3 

2.3 

2.3 
2.3 
2.Z 
5.4 
5.4 

Jane. 

5.5 
5.5 
5.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

Day. 

Jan. 

2.4 
2.3 
2.3 
2.3 
2.3 

2.3 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2-4 

Fob. 

2.5 
2.51 

2.5| 
2.61 
2.5- 

2.5 
2.5  > 
2.5  > 
15 
2-5  . 

2.5 
2.5 
2.5 
2.5 

Mar. 

2.5 
2.5 

II 

2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
16 
2.5 
15 
15 
15 

Apr. 

155 

16 

16 

16 

16 

16 
16 
16 
16 
16 

16 

155 

15 

15 

3.5 



May. 

Joae. 

1906. 
1 

2.4 
2.4 
2.4 
2-4 
2.4 

2.4 
2.5 
2-5 
2-5 
2-5 

2.5 
2.4 
2.4 
2.4 
2.4 

) 

2.4  , 

2.4 : 

2.4  . 
2.4  , 

^*l 

2.4 
2.4 
2.4 
2.4  1 
2.4 

2.4 

2.4 

Z4  ' 
2.51 

1 

1908. 

16 

17 

1 
3.9 
5.2 

1  ^2 

'tl 

1 
13 

13 

,3.85 

13 

13 

I  13 

13 

13 

:  3.85 

1^' 

2.5 

2 

15 

3 

18 

15 

4 

19 

15 

$ 

30 

15 

6 

21 

15 

7 

22 

15 

8 

23 

15 

9 

24 

15 

10 

25 

25 

11  .. 

26 

p     15 

12 

27 

'     15 

13 

28 

'     75 

14 

29 

17 

15 

30 

31 

17 

i 

Note.— No  information  is  available  regarding  ioe  oonditloas  daring  1908.    It  is  probable  that  FtAxmij 
and  March  were  more  or  less  affected. 

Rating  table /or  Roach  River  at  Roach  River,  Me., /or  1901-1908. 


1    Gace 
height. 


Feet. 
120 
130 
140 
150 
160 
170 
180 
190 
3.00 
3.10 


Di5-      ,    Gage         Dis- 
charge.  >  height,     ctiarge. 


Oace  I 
leight. ' 


heigl 


See.-ft. 
46 
68 
94 
122 
153 
186 
221 
258 
298 
338 


Feft. 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 


Sec.-ft. 

Feet. 

379 

4.20 

421 

4.30 

463 

4.40 

506 

4.50 

550 

4.60 

595 

4-70 

WO 

4.80 

i<>s5 

4.90 

730 
75 


5.00 
5.10 


Dis- 
charge. 


Sec.-ft. 

820 

865 

915 

966 

1,015 

1,065 

1.115 

1,170 

1,225 

1,280 


'height. 


Dis- 
charge. 


Fea. 
5.20 

1,& 

5.30 

1,300 

5.40 

1,445 

5.50 

1.500 

6.60 

1.665 

5.70 

1,610 

6.80 

1,670 

6.90 

1,730 

6.00 

1,790 

Note.— The  above  table  Is  not  applicable  for  Ice  or  obRtructed-channel  conditions.    It  is  based  oo  10 
discbarge  measuremcuts  made  during  1902-1905  and  is  fairly  well  defined. 
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Monthly  discharge  of  Roach  River  at  Roach  River ^  Me. y  for  1907-8, 
[Drainage  area,  85  square  miles.] 


January 

February.., 

March 

ApriL 

May 

June 

July 

August 

September. 
October. . . . 
November.. 
Deoember.. 


Month. 


1907. 


Discharge  in  second-feet. 


Maximum. 


153 
1,660 
1,790 
463 
298 
258 
258 
820 
153 


The  year. 


1906. 


January... 
Februairy. 

March 

April 

June 


1,790 


122 
122 
122 
506 
1.560 
1,500 


Minimum. 


68 
68 
46 
122 
221 
221 
153 
94 


94 
122 
122 

68 
122 


Mean. 


50 

30 

50 

93.] 
»74 
582 
137 
248 
241 
235 
358 
142 


262 


94 
108 
122 
152 
725 
264 


Per 
square 
mile. 


0.588 
.353 
.588 
1.10 
11.6 
6.86 
1.61 
2.92 
2.84 
2.76 
4.21 
1.67 


3.08 


Run-off 

(depth  in 

incnes  on 

drainage 

area). 


0.68 

.37 

.68 

1.23 

13.26 

7.64 

1.86 

3.37 

3.17 

3.18 

4.70 

1.92 


42.06 


1.11 
1.27 
1.44 
1.79 
8.53 
3.11 


1.28 
1.37 
1.66 
2.00 
9.83 
3.47 


Accu- 
racy. 


NoTK.— Discharge  Januarv  to  March,  1907,  based  on  a  study  of  discharge  at  all  stations  in  the  Kennebec 
River  basin,  and  the  effect  or  storage  at  Moosehead  Lake.  Discharge  during  the  winter  period,  1908,  applied 
from  the  open-channel  rating  table  without  reduction;  results  may  be  somewhat  too  high. 

DEAD   RIVER    NEAR   THE   FORKS,  ME. 

Dead  River  is  formed  by  the  junction  of  its  North  and  South 
branches.  The  North  Branch  rises  in  the  northern  part  of  Franklin 
County  and  flows  in  a  general  southeasterly  direction  about  25  miles 
to  Eustis,  where  it  is  joined  by  the  South  Branch.  The  South  Branch 
rises  in  the  mountains  east  of  Rangeley  Lakes  and  flows  in  a  general 
northeasterly^  direction  about  16  miles.  From  the  junction  of  the 
two  branches  the  main  streanl  flows  eastward,  northward,  and  then 
eastward  to  its  junction  with  Kennebec  River  at  The  Forks,  24 
miles  below  Moosehead  Lake.  The  river  has  an  extreme  length  of 
about  40  miles,  drains  an  area  of  870  square  miles,  and  its  basin  is 
almost  completely  forested.  The  basin  contains  many  lakes  and 
ponds,  the  most  important  being  Flagstaff  and  Spring  lakes  and 
Carry  and  Spencer  ponds.  Water  is  stored  for  log  driving  only. 
The  dams  are  owned  by  the  log-driving  companies  and  the  gates  are 
kept  open  after  the  drives  are  out  of  the  river.  Opportunities  for 
increased  storage  are  numerous,  and  between  Flagstaff  and  The 
Forks,  about  36  miles,  there  is  approximately  500  feet  of  fall  which 
is  entirely  undeveloped.  This  river,  with  its  steep  slopes  and  little- 
utilized  storage,  contributes  largely  to  floods  on  the  Kennebec. 

The  gaging  station  is  located  1^  miles  west  of  The  Forks.  It  was 
established  September  29,  1901,  to  obtain  general  statistical  data 
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regarding  the  total  flow  of  Dead  River,  and  was  discontinued  August 
15,  1907. 

The  gage  datum  has  remained  imchanged  since  the  establishment 
of  the  station.  During  the  winter  months  the  discharge  is  affected 
by  ice.  Conditions  for  obtaining  accurate  discharge  data  are  good, 
and  a  good  rating  curve  has  been  developed. 

Discharge  measuremenU  of  Dead  River  near  The  Forkt^  J/if.,  in  1907-8. 


Date. 


1907. 
June  20.... 


1906. 
September  24  . . 
November  5  «.. 
December  17*.. 


Hydrographer. 


F.  E.  PresBey  — 

F.  E.  Preflsey 

Wood  and  French 
F.  E.  Presaey 


Feet, 


190 
123 
200 


Area  of      Ga 
section,    heig 


e  I    Db- 
It.  charge. 


8%,fetL       Feet,    i  Sec.-ft. 
667        l.eo  i      1.320 


244 
114 
205 


.55 
.50  , 
.80  I 


134 

lie 


a  Wading  measurement  800  feet  above  cable  section. 

b  Measurement  under  ice  cover.    Gage  height  to  top  of  ioe,  0.7  feet    Average  thickness  of  ice,  asS  loot. 

Daily  gage  height,  in  feet  ^  of  Dead  River  near  The  Forks,  Me,,  for  1907. 
(Jeremiah  Durgin,  Jr.,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

2.05 
2.05 
1.9 

Sept. 

Oct. 

Nov. 

Dee. 

1 

1.55 
1.5 
1.4 
1.4 

... 

3.6 

2.9 

2.45 

2.0 

2.0 

1.9 
1.8 
1.7 
1.7 
1.6 

1.55 

1.55 

1.6 

1.6 

1.7 

1.7 
1.7 
1.7 
1.8 
1.7 

1.7 

1.7 

2.3 

3.15 

3.65 

3.75 

3.85 

3.75 

4.0 

5.05 

6.0 

6.9 

6.35 

6.45 

5.2 

4.7 

4.15 

4.35 

3.9 

4.05 

4.55 

4.45 

4.5 

3.2 

3.75 

4.05 

4.6 

4.15 

4.05 

...5 

4.45 

4.45 

3.7 

2.45 

2.55 

2.45 

2.55 

4.0 

3.05 

2.5 

2.5 

2.45 

2.05 

3.0 

2.3 

2.25 

2.3 

2.25 

2.95 

2.4 

1.95 

2.45 

2.55 

3.05 

2.6 

2.05 

2.0 

1.85 

1.6 

1.8 

1.7 

1.7 
1.7 
1.7 
1.8 
1.95 

2.15 
2.45 
2.55 
2.35 
2.1 

2.2 

2.5 

3.05 

2.9 

2.55 

2.0 

1.75 

1.7 

1.7 

1.7 

1.65 

1.6 

1.6 

1.7 

1.9 

1.7 

1.65 

1.6 

1.6 

1.6 

1.6 

1.4 

1.6 

1.55 

1.65 

1.5 

1.4 

1.6 

1.6 

1.85 

1.9 

1 

2 

1 

1      ... 

3          .     . 



4 

1.8 
1.8 

1.7 

1.8 

1.7 

1.65 

1.55 

t 

5           

1 

t 

6              

' 

i 

7 

' 

g 

.1      .... 

9     

10 

„ ' 

1    * 

1.5 
1.5 
1.4 

. 

!.     1 

12 

13 

j 

14.           ... 

1.25 
1.16 

f           1 

15 1 

:.:.:.'.:::::.:::::::::::: 

I              1 
16 -  - 

1                   ! 

17. 

1.6 
1.7 
1.7 

;::::::i;:::;:;r:;:;:  : :": : 

18 

1 

' 

19 

20 ! 

1.95 

2.4 
2.6 

1 
21 

t 

22 

1 

23. 

1     2.  K 

1 

24 

2.9 
2  .AS 

25 

26 

' i    2.. 

:::::::|;::::::  U 

' 1    2.6 

2.7 

2.7 

27 

1 

28 

, 

1 

29 

! 1 

30 

1 

31 

'1  ' 

1 

Note.— Ice  conditions  prevailed  from  about  January  1  to  April  10. 


Digitized  by  VjOOQIC 


KENNEBEC  BIVEB  OBAINAOE  BASIN. 


97 


Rating  table /or 

Dead  River  near 

•  The  Forks,  Me. 

,  for  1902-1907, 

hei^t 

Dis- 
charge. 

hei^t 

Di»- 
charge. 

height 

Dl». 
charge. 

.   Gage 

Di». 

Feet. 

Sec-fL 

Fea. 

8ec.-fl. 

Feet. 

Sec.-ft. 

1    Feet. 

8ec.-ft. 

0.40 

46 

1.70 

1,605 

3.00 

3,790 

\    4.60 

8,420 

.60 

110 

1.80 

1,650 

3.10 

4,010 

1    4.80 

9,140 

.60 

185 

1.90 

1,796 

3.20 

4,240 

6.00 

9,890 

.70 

270 

2.00 

1,945 

3.30 

4,480 

6.20 

10,680 

.80 

365 

2.10 

2,100 

1    3.40 

4,730 

,    6.40 

11.500 

.90 

470 

2.20 

2,260 

<    3.50 

4,990 

I    6.t0 

12,340 

1.00 

580 

2.30 

2,430 

1    3.60 

6,260 

6.80 

13,200 

1.10 

700 

2.40 

2.600 

'    3.70 

6,640 

6.00 

14,060 

1.20 

825 

2.50 

2,780 

3.80 

6,830 

6.20 

14.980 

1.30 

955 

2.60 

2,970 

3.90 

6,130 

;    6.40 

15,900 

1.40 

1,090 

2.70 

3,160 

,    4.00 

6,430 

6.60 

16,840 

1.50 

1,225 

2.80 

3,360 

4.20 

7.060 

6.80 

17,800 

1.60 

1,365 

2.90 

3,670 

4.40 

7,730 

7.00 

18,780 

NoTB.— The  above  table  is  not  applicable  for  ice  or  obstmcted-chamiel  condltioiis.    It  is  based  on  dl»> 
charge  measurements  made  during  1903  to  1908  and  is  well  defined. 

Monthly  discharge  of  Dead  River  near  The  Forks,  Me.,  for  1907. 

[Drainage  area,  870  square  miles.] 


Month. 


Discharge  in  second-feet. 


Mftrlnmm 


Mlnimutn. 


Mean. 


Per 
square 
mile. 


Run-off 

(depth  in 

inches  on 

drainage 

area). 


Accu- 
racy. 


January 

February 

March 

^:;::::::::: 

June 

July 

August  1  to  16.. 


10.100 
18.300 
3.900 
3,900 
2,020 


2,690 

1.360 

1,090 

762 


380 
200 
577 
2,440 
7,380 
2,310 
1.600 
1,450 


0.437 
.230 
.663 
2.80 
8.48 
2.66 
1.94 
1.67 


0.60 
.24 
.76 
3.12 
9.78 
2.97 
2.24 


NoTS.— Discharge  January  to  March  based  on  a  study  of  discliarge  at  all  stations  in  the  Kennebec  River 
basin  and  the  effect  of  storage  at  Moosehead  Lake. 
Discharge  April  1  to  10  estunated  1,000  seoond-feet. 

CABRABASSETT  BIVEB   NEAB   NOBTH   ANSON,  ME. 

Carrabassett  River  rises  in  eastern  Franklin  County,  flows  north- 
ward ^  eastward,  and  then  southeastward,  and  enters  Kennebec 
River  at  North  Anson.  Its  basin  is  characterized  by  steep  slopes, 
rapid  fall,  no  large  tributaries,  and  few  lakes  and  ponds,  and  the 
flow  of  the  stream  is  variable.  The  river  is  used  to  some  extent  for 
power  development  at  Kingfield,  East  New  Portland,  and  North 
Anson.  It  shares  with  Sandy  River  a  large  part  of  the  responsibiUty 
for  floods  on  the  main  stream  below  Madison. 

The  gaging  station  was  established  October  19,  1901,  to  obtain 
general  statistical  data  regarding  the  total  flow  of  the  river,  and 
was  discontinued  April  30,  1907.  It  was  located  about  4  miles 
from  North  Anson,  above  Embden  Brook  and  below  Anson  Brook. 

The  datum  of  the  gage  remained  the  same  during  the  maintenance 
of  the  station.     In  the  winter  months  the  flow  is  affected  by  ice. 

16254— IRR  241—10 7 
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Conditions  for  obtaining  accurate  discharge  data  are  good  except  at 
low  stages,  and  a  good  rating  curve  has  been  developed  for  medium 
stages.  At  low  stages  the  channel  conditions  are  somewhat  unstable. 
The  rating  curve  has  not  been  developed  for  high  stages,  and  it  is 
probable  that  the  extension  used  gives  results  which  are  somewhat 
too  small. 

Daily  gage  height,  in  feet,  of  Carrabassett  River  near  North  Anson,  Me.,  for  2907, 

(Nahum  Ullton,  observer.] 


Day. 


1.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7., 
8.. 
».. 
10.. 


Jan.    Apr.  i  May, 


1.9 
2.1 
2.1 
2.2 
1.9 


Day. 

Jan.    Apr. 

1 
May. 

Day.        1  Jan. 
21 

Apr. 

2.0 
1.8 
2.5 
5.1 
7.0 

4.5 
&.0 

4.8 

May. 

11 

2. 0 

12 

1.7 

22 

13 

2.0 

23.. 

14 

1.8 

24 



15 

..   .         2.0 

25. 

16 

'    1.9 

26 

17 

1.8 

27 

18 

1.9 

:;:::: 

28 

19 

2.0 

29 ' 

5.0 

20 

2. 2 

S:.::::::::::  :::::: 

5.8 

\ 

Note.— River  frozen  January  5  to  March  30. 

Rating  table  for  Carrabassett  River  near  North  Anson,  Me.,  for  1906-7. 


he^t. 

Dis- 
charge. 

,hei^t. 

Dis- 
charge. 

,  height. 

Dis- 
charge. 

hei^Tt. 

Dis- 
charge. 

FuL 

s«.^. 

Feet. 

8ec.it. 

Feet. 

Sec'ft. 

Feel. 

Stc.-ft. 

-0.10 

1.20 

675 

2.40 

1,795 

4.20 

4,020 

.00 

92 

1.30 

755 

2.50 

1,900 

4.40 

4,290 

.10 

110 

1.40 

840 

.    2.60 

2,010 

4.60 

4,5U) 

.20 

133 

1.60 

925 

2.70 

2,120 

4.80 

4,830 

.30 

160 

1.60 

1,015 

2.80 

2,235 

5.00 

5,100 

.40 

193 

1.70 

1,105 

2.90 

2,350    > 

6.20 

5,370 

.50 

233 

1.80 

1,195 

3.00 

2,470 

5.40 

5,640 

.60 

280 

1.90 

1,290 

3.20 

2,710 

6.60 

5,910 

.70 

335 

2.00 

1,385 

3.40 

2,955 

5.80 

6,180 

.80 

395 

2.10 

1,485 

3.60 

3,210 

6.00 

6,450 

.90 

455 

2.20 

1,585 

3.80 

3,480 

7.00 

7,800 

1.00 

520 

2.30 

1,690 

4.00 

3,750 

8.00 

9,150 

1.10 

595 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.    It  is  based  oo  c 
charge  measurements  made  during  1902-1906  and  is  well  defined. 

Monthly  discharge  of  Carrabassett  River  near  North  An^m,  Me.,  for  1907. 
[Drainage  area,  340  square  miles.] 


Discharge  in  second-feet. 

Run-off 
(depth  in 
inches  on 
drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Accu- 
racy. 

January 

250 

150 

400 

2,330 

6,650 

0.736 

.441 

1.18 

6.85 

19.3 

a85 
.46 
1.36 
7.64 
2.87 

D. 

February 

D. 

March 

D. 

April 

7,800 
8,880 

1,100 
4,020 

B. 

MSyl^.. 

C, 

Note.— Discharge  during  the  trotea  period  very  uncertain.    It  is  based  on  open-channel  interoompari' 
aons  with  adjacent  streams. 
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SANDY  BIYEB   NEAB   MADISON,   ME. 

Sandy  River  rises  in  the  western  part  of  Franklin  County,  in  the 
hilly  region  east  of  Rangeley  Lake,  flows  southeastward  about  32 
miles,  then  northeastward  17  miles,  entering  the  Kennebec  about  3 
miles  below  Madison.  Its  drainage  area  measures  670  square  miles. 
It  has  no  large  tributaries  or  ponds.  It  has  a  total  fall  of  about 
1,600  feet,  mostly  in  the  upper  part  of  the  basin,  but  its  flow  is  vari- 
able and  it  is  not  very  important  for  power,  although  small  develop- 
ments have  been  made  at  Madison,  Farmington,  PhilUps,  and  a  few 
other  points.  The  upper  areas  of  the  basin  are  timbered,  but  in 
general  it  is  made  up  of  farm  lands.  This  stream,  with  its  quick- 
spiUing  procUvities,  shares  with  Carrabassett  River  a  large  part  of 
the  responsibiUty  for  floods  on  the  Kennebec  below  Madison. 

The  gaging  station  was  estabUshed  March  23,  1904,  to  obtain 
general  statistical  data  regarding  the  total  flow  of  the  river,  and  was 
discontinued  December  31,  1908.  It  was  located  about  2  miles  from 
the  mouth  of  the  river,  at  the  dam  of  the  Madison  electric  works — 
a  municipal  light  and  power  plant — just  over  the  town  line  in  Stark, 
but  nearer  the  Madison  post-office. 

The  dam  rests  on  ledge  rock  and  has  a  fairly  level  crest,  341.4  feet 
in  length  (except  that  a  log  way  15  feet  long  and  0.75  feet  deep  was 
cut  near  the  left  end  of  the  dam  during  1906)  between  vertical  abut- 
ments. The  crest  is  1  foot  wide  on  top,  sloping  from  the  upstream 
edge  4.75  horizontal  to  1.25  vertical,  while  the  downstream  face  of 
the  dam  is  vertical.  The  level  top  is  of  dressed  stone  (6-cut);  the 
remainder  is  quarry  faced,  but  care  has  been  taken  to  leave  no  con- 
siderable projection  on  the  approach  to  the  crest.  Flashboards  are 
used  most  of  the  time.  The  head  developed  is  about  15  feet,  which 
is  used  in  a  power  development  on  the  right  bank,  consisting  of  a 
head  bay  nearly  100  feet  long,  decreasing  in  width  from  40  to  20  feet 
at  the  racks,  and  one  pair  of  38-inch  McCormick  turbines  (rated  at 
Holyoke),  with  complete  arrangements  for  a  second  pair  if  found 
necessary.  The  pondage  extends  back  about  2  miles,  but  there  is  no 
side  flowage.  When  water  is  more  than  3  feet  deep  on  the  dam,  the 
crest  is  increased  in  length  about  87.5  feet  by  flowing  over  the  waU 
of  the  fore  bay.  Since  1906  the  wheels  and  generators  have,  as  a  rule, 
been  in  operation  day  and  night,  and  the  discharge  has  been  com- 
puted from  wheel-gate  openings  and  head-gage  readings. 

The  datum  of  the  gages  has  been  the  same  since  the  establishment 
of  the  station.  Records  are  obtained  through  the  courtesy  and  as- 
sistance of  C.  S.  Humphreys,  of  Madison,  engineer  in  charge.  Dur- 
ing the  winter  months  the  discharge  is  affected  by  the  presence  of 
ice  along  the  crest  of  the  dam.  Conditions  for  obtaining  accurate 
discharge  data  are  poor,  owing  to  the  imcertain  conditions  of  flash- 
boards  and  the  length  of  crest  which  occasions  very  sUght  depths  at 
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medium  and  low  water  stages  and  consequently  much  inaccuracy  in 
estimating  discharge. 

Data  prior  to  1907  have  been  compiled  in  Water-Supply  Paj)er  198. 

The  maximum  daily  discharge  recorded  since  the  establislinient  of 
the  station  occurred  November  7,  1907,  and  was  about  13,800  second- 
fe^t.  Discharge  for  the  minimum  week  occurred  September  19  to  25, 
1908,  and  averaged  30  second-feet. 

Discharge  measurenienU  of  Saiidy  River  near  Madison^  Me.,  in  J 907-^. 


Date. 


1907. 
September  19  o 

1908. 
September  22  b 


Ilydrographer. 


Width. 


F.  E.  Tressey.. 
F.  E.  Pressey.. 


Frrt. 
130 


Area  of       Ga^        Dis- 
section,     height.  I  charge. 


Sq.  ft. 

100 


Feri 
100.  Ih 


Sec.-ft. 


20        96.96  i 


4.5 


a  Wading  measurement  one-fourth  mile  below  the  dam  and  ino  feet  above  a  ford. 

b  Measurement  made  about  300  feet  l)elow  dam.     Power  plant  shut  down.       This  measurement  repre- 
■enta  the  leakage  through  the  wheels  and  dam. 

Daily  discharge  in  second-feet  of  Sandy  River  near  Madison,   Me,,  for  1907-^. 
[Samuel  Brackett,  observer.] 


a  Sundays. 

b  Actual  dlM'harge  measurement  made  Septenitxr  19,  1907,  showed  a  dLsoHariff?  of  189  d  f 
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D€nly  discharge  in  second-feet  of  Sandy  River  near  Madison^  Me.yfor  1907-8 — Continued. 


Day. 


Jan. 

Feb. 

263 

704 

420 

740 

2,200 

630 

2.190 

a530 

1.480 

439 

897 

470 

a065 

617 

740 

483 

682 

473 

636 

613 

507 

«1,970 

450 

1.800 

4Ji0 

1.510 

O340 

1,120 

157 

912 

244 

1,030 

330 

1.110 

283 

al,040 

208 

901 

213 

903 

a  161 

871 

1.490 

880 

1.490 

918 

1.280 

872 

563 

169 

Apr. 

May. 

June. 

July. 

1,630 

2,870 

1,340 

n. 

2,610 

2,610 

ol,130 

97 

2,920 

3.140 

909 

89 

2.060 

3.930 

785 

89 

1,920 

04,740 

763 

85 

3.070 

3.810 

883 

77 

o3,750 

2,910 

761 

o89 

2,520 

2,820 

550 

66 

1,980 

2,400 

0  433 

66 

2,270 

1,580 

331 

62 

3.120 

1.480 

423 

63 

2,270 

01.340 

704 

63 

2,060 

1,290 

505 

62 

«2,150 

1.150 

423 

082 

2,560 

1,110 

351 

65 

1,990 

1,110 

o228 

(i8 

1,700 

503 

237 

77 

2,380 

858 

200 

130 

3.640 

O870 

207 

113 

3,890 

718 

207 

111 

04,590 

708 

194 

0  129 

5,880 

1,340 

186 

102 

7,270 

1.480 

a  172 

92 

5,050 

1,130 

137 

89 

3,930 

961 

143 

85 

a4,320 

77 

Aug. 


Sept. 


Oct. 

Nov. 

69 

80 

70 

76 

70 

o84 

69 

74 

68 

76 

o86 

76 

65 

86 

69 

74 

69 

99 

69 

«72 

60 

88 

67 

78 

o65 

86 

54 

72 

61 

85 

62 

79 

63 

o85 

59 

70 

67 

74 

050 

85 

63 

123 

73 

393 

82 

480 

96 

0384 

109 

234 

125 

Dec, 


1906. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

ao 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


630 

706 

o761 

728 

n9 

697 
727 
773 
775 
01,080 

1.490 
1,780 
1.650 
1.460 
1,320 

1,240 
ol,150 
1,140 
2.052 
2,600 

2,280 
5.340 
4,400 
03,740 
3,060 
3.010 


414 
1,190 

896 
o685 

351 

a33 
350 
461 
604 
452 

o290 
217 
200 


o37 
60 
60 
62 
42 

40 
39 
o62 
62 
43 

43 
43 
41 


359 
319 

38 
o27 

207 

27 

189 

64.5 

0  237 

40 

139 

34 

132 

38 

122 

79 

111 

al57 

92 

234 

85 

347 

al23 

630 

63 

o92 
106 
106 
104 
86 

89 
176 
ol22 
178 
132 

148 
127 
120 
141 
0  123 

126 
126 
120 
118 
136 

165 
O08 
C141 
el27 
*141 
el26 


a  Sundays. 

6  Actual  discharge  measurement.    See  list  of  measurements. 

c  Actual  discharge  measurements  rave  values  as  follows:  December  28, 1908, 87  second-feet;  December  29, 
1908,  84  second-feet;  December  30, 1908,  85  second-feet;  December  31, 1908,  85  second-feet. 

Note.— During  the  fh>£en  periods  1907-8  the  discharge  was  much  affected  by  ice  conditions.   Flashboards 
were  used  most  of  the  time  during  both  years. 

Monthly  discharge  of  Sandy  River  mar  Madison^  Me.,  for  1907-8, 
(Drainage  area,  650  square  miles.] 


Month. 


1907. 

January 

February 

March 

April 

}^y 

June 

July 

August 

September 

October 

November 

December 

The  year 

1908. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  seoond-feet. 


Maximum. 


549 
206 
4,230 
11,600 
9.620 
2.tiO() 
2,«^i0 
539 
2.690 
9,130 
13.800 
5,990 


13.800 


Minimum. 


241 
93 

87 
.430 
(h16 
80 
90 
62 
60 

2:« 

33:J 


7,270 


♦  WW 

1,130 

r>(H 

137 
(52 
61 
4.5 
45 
72 
78 


4.6 


Mean. 


365 
146 

462 

4.080 

2,770 

8.'J4i 

628 

1N8 

3y.'> 

1.370 

2.350 

1,  KiO 

l.2:w 


723 
837 
1.590 
2,950 
2,350 
1,000 
92.5 
291 
87.0 
68,9 
122 
125 


Per 
square 
mile. 


0.562 
.225 
.711 

6.28 
4.26 
1.29 
.96«i 
.289 
.608 
2. 11 
3!t.2 
1.77 


Run-off 
(depth  in 
inches  on 
drainage 

area). 


0.65 

.23 

.82 

7.01 

4.91 

1.44 

1.11 

.33 

.68 

2.43 

4.04 

2.04 


25.69 


8.'.3 


1.11 
1.29 
2.45 
4.54 
.3.62 
l.M 
.142 
.448 
.134 
.lOti 
.188 
.192 

1.31 


1.28 
1.39 
2.82 
6.06 
4.17 
1.72 
.16 
.62 
.16 
.12 
.21 
.22 


17.82 


NOTK.— Reoords  of  discharge  at  this  station  can  only  be  elasse<i  as  approximate.    S^m*  description. 
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SEBASTICOOK   RIVER    AT    PITTSFIELD,  ME. 

Sebasticook  River  rises  in  ponds  in  southeastern  Somerset  and 
western  Penobscot  counties,  and  flows  in  general  southwestward  for 
45  miles  to  Kennebec  River  at  Winslow,  opposite  Waterville.  It  is 
the  largest  tributary  of  the  Kennebec,  and  it  is  also  one  of  the  most 
fully  developed  for  power.  Out  of  a  total  fall  of  170  feet  between 
Moose  Pond  and  the  Kennebec  only  about  50  feet  remain  undeveloped. 
Storage  facilities  are  good,  but  have  been  only  in  part  utilized.  The 
basin  is  largely  in  farm  lands. 

The  gaging  station,  which  was  established  July  3,  1908,  to  obtain 
general  statistical  data  regarding  the  total  flow  of  the  Sebasticook,  is 
located  at  the  steel  highway  bridge  just  above  the  Maine  Central 
Railroad  bridge  across  the  river  in  the  town  of  Pittsfield,  Me. 

About  800  feet  upstream  from  the  highway  bridge  is  a  dam  which 
furnishes  power  to  the  Robert  Dobson  Company  and  the  Smith 
Woolen  Company;  the  dam  of  the  Waverly  Woolen  mill  is  about 
one-half  mile  farther  upstream.  About  5  miles  below  the  station  and 
2  miles  from  Bumham  is  the  Sebasticook  Power  Company's  dam. 
There  is  a  clear  fall  below  the  gage,  and  the  dam  below  has  no  effect 
on  the  discharge. 

The  gage  datum  has  remained  the  stole  since  the  establishment 
of  the  station.  Conditions  are  good  for  obtaining  accurate  dischai^ 
data,  and  a  rating  curve  has  been  partly  developed,  but  is  withheld 
pending  the  collection  of  additional  information. 

Ducharge  TneasuremenU  of  Sebasticook  River  at  Pittsfield^  Me.,  1907S, 


Date. 


Hydrographer. 


1907. 
June  6 1  F.  E.  Pressey. 


1906. 

July  3 1  F.  E.  Pressey 

July  23 ! do 

September  21 . . ! do 

November  4 i  Wood  and  French . 

December 24...    F.  E.  Pressey 


Width. 


Feet. 
108 


106.5 
105.5 
100 

96.5 

96 


Area  of 
section. 


Sq.ft. 
205 


175 
172 
140 
154 
102 


Case       Dis- 
heigfat. '  charge. 


Fett.     See./L 
3.68 


3.26 
3.22 
3.06 
2.96 
2.56 


362 
322 
231 
224 
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DaUy  gage  height,  in  feet,  of  Sebasiicook  River  at  Pittsfield,  Me.,  for  1908. 
[Easter  B.  Morrill,  observer.] 


Day. 

Jnly. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1 

X75 
2.7 
2.95 
2.9 

2.85 
2.85 
2.85 
2.85 
2.6 

2.6 

2.85 

2.85 

2.85 

2.85 

2.85 

2.6 

2.55 

2.8 

2.85 

2.76 

2.7 

2.55 

2.56 

2.8 

2.8 

2.85 

2.8 

2.8 

2.6 

2.66 

2.9 
2.9 
2.85 
2.8 

2.66 

2.86 

2.86 

3.0 

2.95 

2.8 
2.6 
2.6 
2.7 
2.9 

2.9 

2.8 

2.76 

2.66 

2.45 

2.85 

2.75 

3.0 

2.9 

2.6 

2.4 

2.8 

3.0 

2.96 

2.9 

2.85 
2.5    1 
2.4 
2.75 
2.9 

16 

2.86 
3.05 
3.0 
3.0 
3.0 

2.96 

2.76 

2.7 

2.9 

2.9 

2.96 

2.96 

2.9 

2.7 

2.66 

2.8 

2.86 

2.8 

2.8 

2.56 

2.6 

2.76 
2.75 
2.76 
2.76 
2.76 

2.5 

2.45 

2.7 

2.76 

2.76 

2.76 

2.6 

2.66 

2.76 

2.8 

2.8 

2.66 

2.66 

2.56 

2.6 

2.7 
2.8 
2.8 
2.8 
2.7 
2.6 

2.7 
ZS 
2.9 
2.9 
2.7 

2.66 

2.4 

2.66 

2.9 

2.86 

2.65 

2.6 

2.6 

2.3 

2.66 

2.96 

2 

17 

2.9 

3 

18 

3.0 

4 

19 

2.8 

5 

2.9 

20 

2.7 

6 

2.95 

2.95 

2.7 

2.7 

2.95 

2.95 

2.9 

2.95 

3.1 

Z95 

21 

3.0 

7 

22 

3.0 

8 

23 

2.9 

0 

24 

2.9 

10 

25 

2.46 

11 

26 

2.65 

12 

27 

2.95 

3.0 

3.0 

2.95 

2.9 

2.46 

13 

28 

2.9 

14 

29 

2.8 

15 

30 

2.86 

31 

2.8 

Note.— DIaobarge  in  December  probably  not  affected  by  foe  conditions. 

COBBOSSEECONTEE    STREAM    AT   GARDINER,  ME. 

Cobbosseecontee  Stream  drains  a  group  of  lakes  lying  from  5  to  15 
miles  west  of  Augusta.  From  the  largest  of  these,  Cobbosseecontee 
Great  Pond,  which  has  an  area  of  8.4  square  miles,  the  river  flows 
southward,  eastward,  and  then  northeastward,  entering  Kennebec 
River  at  Gardiner.  Its  total  drainage  area,  240  square  miles,  is 
largely  in  farm  lands.  The  aggregate  area  of  the  ponds  at  the  head 
of  the  stream  is  about  19  square  miles.  From  Lake  Maranacook — 
one  of  the  upper  lakes — to  the  Kennebec  the  fall  is  206  feet,  about 
128  feet  of  which  occurs  at  Gardiner  in  the  last  three-fourths  mile  of 
the  river  course,  where  there  are  seven  dams.  The  stream  is  quite 
fully  developed  for  power  and  its  excellent  storage  is  very  efficiently 
controlled,  so  that  there  is  little  waste  of  water. 

Records  of  flow  of  Cobbosseecontee  River  have  been  kept  at  the 
dam  of  the  Gardiner  Water  Power  Company  since  1890.  This  dam 
is  the  uppermost  of  a  series  of  seven  dams  near  the  mouth  of  the 
river  at  Gardiner,  and  is  of  stone  masonry,  with  a  timber  apron  at 
the  toe.  The  downstream  face  has  an  approximate  slope  of  1  hori- 
zontal to  4  vertical.  The  crest  is  horizontal  and  is  about  6  feet  wide. 
The  upstream  slope  is  about  1  vertical  to  8  horizontal.  The  total 
length  of  the  dam  is  about  100  feet,  and  flashboards  4.5  feet  high  are 
maintained  continuously.  The  total  head  obtained  is  about  10  feet. 
The  head-bay  entrance  is  on  the  right  bank,  and  from  this  runs  a 
wooden  penstock  in  which  is  placed  a  39-inch  Hercules  wheel.  In 
the  head  bay  there  is  also  a  gatehouse  with  two  gates  which  are  kept 
partially  open  most  of  the  time  to  regulate  the  proper  flow  down 
the  river. 
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The  records  of  flow  are  made  up  by  considering  (1)  the  flow  over 
the  dam,  which  is  usually  nothing,  except  for  a  short  time  in  the 
spring;  (2)  the  flow  through  the  sluice  gates,  which  is  regulated  by 
means  of  tables  drawn  up  for  the  company  by  Hiram  F.  Mills, 
C.  E.,  showing  the  discharge  through  the  two  gates  for  different 
pond  level,  the  practical  application  of  this  method  being  to  obtain 
a  given  flow  at  any  time  by  setting  these  gates  at  the  required  gate 
opening,  the  flow  through  the  wheel  being  taken  into  account;  (3) 
the  amount  of  water  flowing  through  the  39-inch  wheel,  which  is 
ascertained  from  this  gate  opening  and  pond  level  by  means  of  a 
table,  also  provided  for  this  purpose  by  Mr.  Mills.  The  water  that  is 
pumped  for  the  Gardiner  supply  is  neglected  in  computations,  being 
but  a  small  percentage  of  the  flow.  It  is  also  assimied  that  the  tail 
water  level  remains  constant.  The  leakage  by  the  dam  was  measured 
during  1905  and  found  to  be  10  second-feet,  and  correction  made 
accordingly  until  August,  1907,  when  the  dam  was  repaired.  On 
Sundays  and  legal  holidays  gates  are  closed  and  no  water  is  allowed 
to  run  unless  the  lake  is  full. 

These  records  have  been  furnished  by  S.  D.  Warren  &  Co.,  through 
their  engineer,  Joseph  A.  Warren,  and  are  considered  excellent. 

The  maximum  daily  discharge  since  the  establishment  occurred 
March  12,  1903,  and  was  3,275  second-feet.  The  discharge  for  the 
minimum  week  (not  including  holidays  or  times  when  for  some  reason 
the  plant  was  shut  down)  occurred  October  23  to  29,  1899,  and 
averaged  57  second-feet. 

The  Cobbosseecontee  is  a  most  remarkable  example  of  the  regu- 
larity of  flow  that  can  be  obtained  with  proper  storage,  and  except 
for  a  short  time  each  spring  there  is  usually  no  water  wasted. 

Data  prior  to  1907  have  been  compiled  in  Water-Supply  Paper  198. 

Daily  discharge^  in  second-feft,  of  Cobbosseecontee  Stream  at  Gardiner,  Me.,  for  1907-8. 


Day. 


1. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 

n. 

12. 
13. 
U. 
15. 


Jan.  I  Feb. 


2H0  ' 

2H()  ' 
2S0 

2S<)  . 

2>*0  I 


29<) 

olO 

29() 
290 


oIO  1 

290 

2>^  1 

290 

2H()  i 

290 

'Mi 

290 

2«0 

a  10 

2S0  ■ 

290 

'JHO 

290 

a  10 

300 

2H0 

300 

280  ; 

300 

Mar. 


300 
300 
olO 
310 
310 

310 
310 
310 
310 
a  10 

310 
310 
310 
310 
310 


Apr. 


310 
310 

720 
1,050 

1,250 

al ,  200 

SOO 

3H0 

3.'>0 

320 
310 
340 
a -140 
700 


May. 


890 
910 
S30 
040 
0410 

390 
3'20 
300 

290 
290 

290 
o  10 
290 
290 
290 


uiie. 

July. 

Aui?. 

Sept. 

Oct. 

Nov. 

D«i. 

290 

280 

280 

oO 

260 

»0 

«0 

a  10 

280 

280 

270 

260 

260 

280 

'290 

280 

280 

270 

260 

•  0 

270 

2VJ 

150 

OlO 

270 

260 

260 

270 

2M) 

150 

280 

270 

260 

260 

270 

280 

280 

280 

270 

•  0 

260 

270 

•280 

OlO 

280 

270 

260 

430 

270 

2M) 

280 

280 

•  0 

260 

mo 

•  0 

olO 

280 

280 

270 

270 

820 

270 

280 

280 

280 

270 

270 

a  510 

270 

280 

280 

OlO 

270 

270 

280 

270 

2S0 

2W 

280 

270 

270 

280 

270 

280 

280 

280 

270 

OO 

280 

270 

2V) 

OlO 

280 

270 

270 

280 

270 

2H0 

280 

280 

•  0 

270 

280 

•  0 

o  Sundays. 
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Daily  diieharge,  in  second-feet,  of  Cobbosseecontee  Stream  at  Gardiner,  Me,,  for  1907 S— 

Continued. 


Day. 

Jan. 

280 
280 
280 
280 

•  10 

280 
280 
280 
280 
280 

280 

•  15 
280 
290 
280 
280 

280 
290 
280 
290 

•  10 

280 
280 
460 
580 
510 

514 
O570 
950 
870 
930 

880 
620 
865 
•  270 
300 

300 
310 
310 
300 
300 

•  0 
300 
310 
300 
300 
300 

Feb. 

Mar. 

Apr. 

1,020 
1,100 
1.150 
I.IHO 
950 

O500 
600 
480 
370 
630 

1,670 

1.690 

01,500 

1,200 

980 

730 
865 
085 
960 
•  896 

890 
870 
500 
325 
336 

340 
o340 
335 
320 
310 

300 
300 
290 
oO 
280 

285 
280 
280 
280 
280 

OO 

280 
280 
285 
290 

May. 

June. 

•  10 
280 
280 
280 
280 

280 
280 
OlO 
280 
280 

280 
280 
280 
280 
OlO 

145 
410 
815 
960 
960 

960 
0925 
840 
565 
300 

290 
280 
280 
•  0 
280 

280 
280 
280 
280 
280 

oO 
280 
280 
275 
270 

270 
270 
OO 
270 
270 

July. 

280 
280 
280 
280 
280 

OlO 
280 
280 
280 
280 

280 
280 
OlO 
280 
280 
280 

270 
270 
270 
145 
OlO 

270 
270 
270 
270 
270 

270 
oO 
270 
270 
270 

270 
270 
270 
OO 
270 

270 
270 
270 
270 
270 

oO 
270 
270 
270 
270 
270 

Aug. 

280 
280 
OlO 
280 
280 

280 
280 
280 
280 
•  0 

270 
270 
270 
270 
270 
270 

270 
oO 
270 
270 
270 

270 
270 
270 
OO 
270 

270 
270 
270 
270 
270 

OO 
270 
270 
270 
270 

270 
270 
OO 
270 
270 

270 
270 
270 
270 
oO 
270 

Sept. 

270 
270 
270 
270 
270 

270 
OO 
240 
240 
240 

240 
260 
260 
oO 
260 

270 
270 
270 
270 
270 

OO 
270 
270 
270 
270 

270 
270 
oO 
270 
260 

260 
260 
260 
260 
OO 

260 
260 
260 
260 
260 

250 
OO 
250 
250 
250 

Oct. 

Nov. 

280 
OO 
280 
280 
280 

280 
280 
280 

•  0 
280 

280 
280 
140 
280 
280 

•0 
180 
180 
180 
180 

170 
160 
•0 
160 
160 

160 
160 
160 
160 

•  0 

160 
160 
160 
160 
160 

160 

•  0 
160 
150 
140 

70 
140 
140 

•  0 
140 

Dec 

1907. 
16 

300 
•  10 
300 
300 
300 

300 
300 
300 
olO 
300 

300 
300 
300 



300 
•0 
300 
300 
300 

300 
300 
300 
•  0 
300 

300 
300 
300 
300 
300 

•  300 
730 
945 
960 
970 

930 
870 

•  820 
800 
720 

500 
315 
350 
390 

310 
OlO 
310 
310 
310 

310 
310 
310 

•  10 
310 

310 
310 
310 
310 
310 

•  10 

•  365 
375 
385 
385 
385 

385 
385 

•  385 
385 
385 

385 
380 
360 
340 
o340 

340 
340 
340 
340 
340 

310 
o310 
330 
415 
650 

730 
675 
485 
O590 
660 
715 

290 
290 
290 
OlO 
290 

290 
290 
290 
290 
290 

OlO 
290 
290 
290 
150 
290 

955 

1,720 

•1,820 

1,820 

1,750 

1,430 

1,100 
980 
710 

o330 

455 
560 
735 
730 
560 

410 
oO 
280 
280 
280 

280 
280 
280 
OO 
280 

280 
280 
280 
280 
140 
o20 

270 
270 
270 
270 
oO 

270 
270 
270 
270 
270 

270 
OO 
270 
260 
260 
260 

250 
250 
250 
OO 
210 

210 
210 
210 
210 
210 

OO 
200 
190 
185 
180 

180 
180 
OO 
180 
180 

180 
180 
180 
180 
oO 

180 
180 
180 
180 
180 
180 

270 

17 

270 

18 

270 

18 

270 

20 

270 

22 

23 

M 

25 .'. . 

270 
OO 
280 
300 
150 

26 

140 

27 

290 

28 

290 

28 

oO 

30 

290 

31 

290 

1906. 
1 

140 

2 

140 

3 

140 

4 

140 

5 

125 

6 

•  0 

7 

120 

8 

130 

8 

140 

10 

140 

11 

140 

12 

140 

13 

•  U 

14 

140 

15 

140 

16 

140 

17 

140 

18 

140 

18 

140 

20 

•0 

21 

140 

22 

140 

23 

140 

24 

140 

2S 

70 

26 

30 

27 

•  0 

28 

140 

28 

140 

30 

140 

31 

140 

o  Sundays. 

Note. — Leakage  of  dam  until  August.  1907,  taken  as  10  second-feet  as  determined  by  measurements 
made  during  1906.  Repairs  were  made  to  the  dam  during  .\ugust.  1907,  and  after  about  August  20  there 
was  no  leakage. 
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ANDROSCOGGIN  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Androscoggin  River  is  formed  by  the  junction  of  Magalloway 
River  and  the  outlet  of  the  Umbagog-Rangeley  Lakes  near  the 
Maine-New  Hampshire  boundary.  For  about  35  miles  it  flows 
southward  in  the  State  of  New  Hampshire,  then  turns  abruptly 
and  flows  eastward  in  the  State  of  Maine,  finally  turning  toward  the 
south  and  joining  the  Kennebec  in  Merry  meeting  Bay,  near  Bruns- 
wick. The  river  is  about  200  miles  in  length  and  the  greatest  width 
of  its  basin  about  70  miles.  The  total  drainage  area  is  3,470  square 
miles,  about  80  per  cent  of  which  is  in  Maine.  The  only  tributary  of 
any  importance  is  Little  Androscoggin  River,  which  enters  at  Lewiston. 

The  lower  part  of  the  basin  is  hilly  and  partially  wooded,  and  much 
of  it  is  in  farm  land,  while  the  upper^portion  is  very  broken  and 
mountainous  and  largely  in  forest.  In  general  the  elevation  of  the 
basin  is  greater  than  that  of  any  other  watershed  on  the  Atlantic 
coast.  Umbagog  Lake  is  about  1,240  feet  above  mean  tide,  and 
Rangeley  Lake  about  1,500  feet.  The  sources  of  the  Magalloway 
River  reach  elevations  of  from  2,600  to  2,900  feet. 

Granite,  gneiss,  and  mica  schists  are  found  along  the  main  course 
of  the  river,  with  clay  slate  in  the  upper  part  of  the  basin;  The  bed 
of  the  river,  like  that  of  the  Kennebec  and  Penobscot,  is  generally 
rocky  where  falls  occur,  with  high  banks  little  subject  to  overflow — 
conditions  that  are  advantageous  in  the  development  of  water  power. 

The  mean  annual  precipitation  is  probably  about  40  inches,  varying 
from  43  inches  near  the  coast  to  less  than  35  inches  in  the  extreme 
northern  part  of  the  basin.  Winter  conditions  in  the  northern  por- 
tions of  the  basin  are  extremely  rigorous  and  low  water  frequently 
occurs  during  the  winter  months  on  this  account. 

The  Androscoggin  is  naturally  provided  with  storage  facilities  as 
fine  as  those  of  any  river  in  the  east.  Including  the  Umbagog-Range- 
ley series,  which  afford  a  combined  water  surface  of  about  80  square 
miles  and  a  storage  of  about  15  billion  cubic  feet  lake  surface, 
its  total  amounts  to  about  312  square  miles.  Under  the  efficient 
management  of  the  Union  Water  Power  Company  the  storage 
afforded  by  these  lakes  has  had  a  marked  effect  upon  the  regimen 
of  flow  during  low  water  for  the  past  few  years.  A  number  of  the 
companies  on  the  river  have  united  during  the  last  year  in  making 
plans  for  a  dam  on  the  Magalloway  River  which  will  afford  approx- 
imately 8  billion  cubic  feet  of  additional  storage  and  very  materially 
mcrease  the  low-water  flow  of  the  Androscoggin. 

Androscoggin  River  is  probably  more  fully  developed,  in  respect 
to  water  power  per  square  mile  of  drainage  area,  than  any  river  in  the 
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country.  Of  the  1,240  feet  fall  between  Umbagog  Lake  and  tide 
water  more  than  600  feet  has  been  developed,  furnishing  power  to 
many  mills,  including  the  cotton  mills  of  Brunswick  and  Lewiston, 
and  the  great  pulp  and  paper  mills  of  Livermore  Falls,  Rumford 
Falls,  and  Berlin;  but  there  still  remain  some  excellent  unutilized 
sites  of  especial  value  on  account  of  the  uniform^  regimen  of  flow  of 
the  river. 

Androscoggin  River  is  an  important  stream  for  log  driving,  but 
more  care  is  taken  in  the  use  of  water  for  this  purpose  than  on  any 
of  the  other  streams  in  the  State  of  Maine,  and  consequently  there 
is  little  waste  of  water  during  the  driving  season. 

Little  Androscoggin  River,  about  30  miles  in  length,  with  a  drain- 
age area  of  about  380  square  miles,  is  well  endowed  with  storage 
facilities  and  is  an  important  water-power  stream  for  its  size.  Devel- 
opments have  been  made  at  Mechanic  Falls  and  near  Auburn,  and 
there  is  still  considerable  unutilized  power. 

The  longest  record  of  flow  on  the  Androscoggin  is  that  at  Rumford 
Falls,  extending  back  to  1892.  The  driest  year  since  the  beginning 
of  the  records  was  1904,  and  the  wettest  1893,  the  total  flow  during 
these  two  years  being  about  in  the  ratio  of  1  to  1.66. 

The  following  gaging  stations  have  been  maintained  in  this  river 
basin: 

Androscoggin  at  Gorham,  N.  H.  (1903)  fragmentary. 
Androscoggin  River  at  Shelbume,  N.  H.  (1903-1907). 
Androscoggin  River  at  Rumford  Falla,  Me.  (1892-1908). 
Androscoggin  River  at  Dixfield,  Me.  (1902-1908). 

RIVER   SURVEYS   IN    ANDROSCOGGIN   DRAINAGE    BASIN. 

Surveys  have  been  made  of  Androscoggin  River  by  the  United 
States  Geological  Survey,  as  follows: 

From  tide  water  at  Brunswick  to  Livermore  Falls;  survey  for  profile  only. 
From  Livermore  Falls  to  Umbagog  Lake  at  Errol  Dam;  for  plan  and  profile. 

The  results  of  these  surveys  are  being  prepared  for  publication,  and 
eventually  may  be  had  on  application  to  the  Director  of  the  United 
States  Geological  Survey. 

ANDROSCOGGIN    RIVER    AT    SHELBURNE,    N.    H. 

This  station  is  located  at  the  steel  highway  bridge  about  one-half 
mile  north  of  the  railway  station  at  Shelbume,  N.  H.,  and  was  estab- 
lished May  30,  1903,  to  obtain  general  statistical  and  comparative 
data  regarding  the  flow  of  the  river.  It  was  discontinued  April  30, 
1907. 
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It  is  about  5J  miles  below  the  mouth  of  Peabody  River  and  about 
6  miles  above  Wild  River.  The  nearest  developed  power  upstream 
is  at  the  Lead  Mine  Bridge  power  station  of  the  Berlin  Mills  Com- 
pany— a  plant  constructed  during  1906 — about  2  miles  distant. 
Down-stream  the  first'  dam  is  at  Rumford  Falls. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  During  the  winter  months  the  discharge  is  afTected  by 
the  ice.  Conditions  for  obtaining  accurate  dischai^e  at  medium  and 
high  stages  are  good,  and  a  good  rating  curve  has  been  developed 
within  these  limits.  At  low  water  conditions  are  poor  for  gagings 
and  results  approximate. 

Daily  gage  height ,  in  feet,  of  Androscoggin  River  at  ShelhwnUy  N.  H.yfor  1907. 
(James  Simpson,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

1 

i 

2 

1 

3 -- 

6.6 

6.8 

4 

5 

6 

6.8 

1 

7 

8       :::::::: 

S: :    1. :..:::: 

10 

6.65 

6.75 

„... .  1 

12 - 

13.     ... 

6.9 

14 



15..   . 

Apr.       May. 


6.2 
5.1    I. 

4.7  :. 

4.7    I. 

4.45 ; 

4.6 
4.5 
4.6 
4.5 
4.6 

4.6 
4.5 
4.5 
4.4 
4.45 


9.6 


Day. 


Jan. 


Feb. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

.     26. 
.     27- 

.  ,  28. 

.,29. 

,1  31. 


6.7 


6.5 


6.86 


Mar. 


6.6 


Apr. 


5.1 


4.4 

4.3 
4.3 
•4.4 
4.4 

4.3 
4.3 
4.4 
6.2 
6.3 

6.16 

6.5 

6.8 

7.55 

8.76 


May. 


Note. — River  frozen  January  1  to  March  31.    During  the  froien  period  gage  heights  were  taken  to  water 
sinfaoe  in  a  hole  In  the  ice. 

Rating  table  for  Androscoggin  River  at  Shelbume^  N.  H.^/or  190S-1907, 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Ftei. 

8ec.-ft. 

'    Feet. 

Sec.-ft. 

Feet. 

8ec.-ft. 

Feet. 

See.-fl. 

3.90 

1,100 

6.10 

3,105 

6.30 

6,000 

8.00 

10,930 

4.00 

1,212 

5.20 

3,325 

6.40 

6,2t>5 

8.20 

11,650 

4.10 

1,336 

6.30 

3,545 

6.50 

6,535 

8.40 

12,170 

4.20 

1,472 

6.40 

3,775 

6.60 

6,810 

8.60 

12,790 

4.30 

1,618 

,    6  50 

4,005 

6.70 

7,090 

8.80 

13,410 

4.40 

1,774 

!    6.60 

4,240 

6.80 

7,375 

9.00 

14,030 

4.60 

1,938 

6.70 

4,480 

6.90 

7,6(i0 

9.20 

14,670 

4.60 

2,110 

6.80 

4,725 

7.00 

Z,950 

9.40 

16,310 

4.70 

2,290 

6.90 

4,970 

7.20 

8,530 

9.60 

16,960 

4.80 

2,480 

6.00 

5,225 

7.40 

9,130 

4.90 

2,680 

6.10 

5,480 

7.60 

9,730 

6.00 

2,890 

6.20 

6,740 

7.80 

10,330 

Note. — The  above  table  is  not  applicable  for  Ice  or  obstructed  channel  conditions.    It  is  based  on  dls- 
cfaaj^  measurements  made  during  1903-1906,  and  is  well  defined  between  gage  heights  4.3  feet  and  7.7  feet. 


Digitized  by  VjOOQIC 


110  SURFACE   WATER  SUPPLY,   1907-8. 

Monthly  discharge  of  Androscoggin  River  at  Shelbume,  N.  H.,for  1907. 
[Drainage  area,  1,500  square  miles.) 


January 
February 
March 
April. 
May  1 

Note.— Discharge  January  to  March  determined  from  discharge  at  Rumford  Falls  and  climatologlcal 
reporta. 

ANDROSCOGGIN    RIVER   AT   RUMFORD   FALLS,   ME. 

The  discharge  of  Androscoggin  River  at  Rumford  Falls  since  1892 
has  been  computed  and  furnished  by  Charles  A.  Mixer,  engineer  for 
the  Rumford  Falls  Power  Company,  by  adding  the  actual  measured 
quantities  passing  through  the  wheels  to  the  computed  flow  over 
the  dam,  using  the  customary  Francis  weir  formula  with  modified 
coefficient. 

At  Rumford  Falls  is  one  of  the  finest  water  powers  on  the  Atlantic 
coast.  Here  the  Androscoggin  descends  177  feet  in  a  mile  in  sev- 
eral pitches  over  granite  ledges.  A  comprehensive  plan  of  develop- 
ment for  the  use  of  power  from  tliree  levels  has  been  laid  out  and 
partly  executed.  From  the  high-level  canal  there  is  a  fall  of  97 
feet  to  the  middle  level,  which  also  receives  a  direct  and  independent 
supply  of  water  from  the  river.  The  water  in  the  middle-level  canal 
is  then  used  and  discharged,  after  a  fall  of  50  feet,  into  the  low-level 
canal,  from  which,  in  turn,  there  is  a  final  drop  of  30  feet  to  the 
river.  Dams  have  been  built  at  the  entrance  of  the  high  and  mid- 
dle level  canals. 

At  present  about  19,000  gross  horsepower  are  utilized  at  Rumford 
Falls,  largely  in  the  manufacture  of  pulp  and  paper.  The  total  com- 
prises some  40,000  gross  horsepower,  under  present  conditions  of 
storage  in  the  Rangeley  Ijake  system.  Further  storage  will  prob- 
ably be  available  in  a  few  years  and  add  still  more  to  the  value  of 
this  privilege,  which  is  only  about  85  miles  by  rail  from  Portland  and 
has  excellent  transportation  facilities. 

The  maximum  daily  discharge  occurred  April  15,  1895,  and  was 
about  55,200  second-feet.  The  discharge  for  the  minimum  week 
occurred  February  15  to  21,  1904,  and  averaged  686  second-feet. 
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Daily  €Kscharge,  in  second-feety  of  Androscoggin  River  at  Rum/ord  Falls,  Me,,  for  1907-^, 


i>«y. 

Jan. 

Feb. 

Mar. 

Apr. 

M.y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907. 
1 

1,592 
1,720 
1,678 
1,636 
1,772 

•  1,870 
1,824 
1,858 
1.742 
1,626 

1,631 
1,631 
•1,547 
1,514 
1,578 

1,479 
1,422 
1,411 
1.457 
•1,424 

1,502 
1,644 
1,527 
1,469 
1,398 

1,392 
•1.370 
1,285 
1.400 
1,355 
1,316 

2,909 
2,912 
2.755 
2.500 
•2,537 

1,054 
2,657 
2,822 
3,212 
2,932 

2,771 
•2,720 
2,613 
2,735 
2,646 

3,606 
2,280 
2,440 
•2,264 
2,088 

2,460 
2,001 
2,526 
2,518 
2,445 

•  2,442 
2,680 
3,103 
2,867 
2,599 
2,282 

1,319 
1,378 

•  1,456 
1,408 
1,494 

1,434 
1,451 
1,434 
1,471 

•  1,445 

1,447 
1,460 
1,388 
1,388 
1,402 

1,404 

•  1,401 
1,329 
1,419 
1,357 

1,367 

1,'339 

•  1.279 
1,211 

1,337 
1,323 
1,338 

2,345 

•  2,276 
2.207 
2.358 
2,173 

2,245 
2,272 
2,242 

•  2,117 
1,992 

2,362 
2,400 
2,425 
2,446 
2,626 

•5,984 
5,361 
3,854 
3,180 
3,041 

2,892 
3,243 

•  2,663 
2,748 
2,735 

2,647 
2,684 
2,674 
2,679 

1,348 
1,362 

•  1,352 
1,282 
1,387 

1,450 
1,486 
1,518 
1,552 

•  1,451 

1,528 
1,570 
1,538 
1,530 
1,546 

1,534 
•1,488 
1,582 
1,690 
1,609 

1,534 
1,442 
1,641 

•  1,855 
1,967 

1,032 
1,819 
1,904 
3,198 
5,819 
•7,224 

•  2,644 
2.610 
2,662 
2,602 
2,663 

2,656 
2,606 

•  2.305 
2.634 
2,618 

2.501 
2,552 
2,535 
2,642 
•2,707 

3,617 
3,049 
3,370 
2,916 
2,626 

3,040 
•2,446 
2,022 
3,831 
4,476 

4,055 
5,221 
8.097 

•  9,898 
7.987 
6,387 

6.104 
4,732 
4,131 
4,037 
4,103 

4,072 

•  3,875 

3,  no 

3,376 
2,916 

3,251 
3,207 
3,206 

•  3,227 
3,248 

3,078 
3,095 
3,163 
3,406 
3,365 

•  3,248 
3,131 
4,160 

12,045 
11,332 

0.222 
11,542 
•11.809 
12,607 
17,043 

6,464 
5.987 
5,278 
4.409 
•3,828 

5,004 
6,433 
6.340 
5.184 
5,013 

5,800 

•  5,966 
5,240 
4,740 
5,029 

6,781 
5,144 
4,674 
•5,174 
5,350 

4,612 
4,194 
4,094 
8,838 
8,334 

•11,561 
13,649 
15,667 
15,894 
13,049 

23,834 
19,312 
14,816 
13,465 
•12,231 

11,086 
0,756 
0,088 
10.780 
10,781 

10,338 

•  8,606 
8,165 
0,046 
0,875 

0,012 
12,092 
10,501 

•  0,551 

3,617 

•  3,720 
3,822 
3,865 
3,584 

4,736 
4,209 
3.800 

•  3,473 
3,718 

3,723 
3,375 
3.220 
3,189 
3,241 

•  3,278 
3.314 
2,951 
3.030 

6,756 
5,550 
4,556 
3,733 
3,758 

3,301 

•  2,811 
3,141 
2,951 
2,852 

2,786 
2,810 
3,003 

•  2,732 
2,861 

2,665 
2,451 
2,448 
2,338 
2,106 

•  2,065 
1,098 
2,217 
2,287 
2,373 

2,434 
2,788 

•  2,553 
2,530 
2,602 
2,777 

1,567 
1,785 
1,645 
1.600 

•  1,400 

1.320 
1,942 
1,947 
1,990 
1,903 

1,536 

•  1,250 
1,264 
1,554 
1,397 

1,392 
1,521 
1,906 
•1,864 
2,783 

2,603 
2,022 
1,717 
1,659 
1,592 

•  1,787 
1,761 
1,845 
1,685 
1,713 
1,780 

3.076 
2,880 
2.796 

•  3,070 
3,343 

3,071 
2,676 
2,541 
2,398 
2,305 

•  2,027 
1,937 
2,003 
1,872 
1,813 

1,738 

•  i;487 
1,602 
1,581 

1,427 
1,520 
1,545 
1,620 

•  1,575 

1,398 
1,643 
1,602 
1,745 
1,812 
1,814 

1.562 

•  1,095 
1,309 
1,286 
1,438 

3,089 
3,017 
2,158 

•  1,781 
1,454 

1,580 
1,971 
1,847 
1,922 
1,593 

•  1,600 
1,176 
1,426 
1,475 
1,487 

1,483 
1,471 

•  1,310 
1,149 
1,390 

1,287 
1,375 
1,331 
1,346 

•  1,330 
1,315 

•  1,613 
1.668 
1,724 
2,327 
3,067 

3,273 
2,401 

•  2,224 
1,642 
2,010 

1,805 
4,517 
3,045 
2.535 

•  2,202 

21275 
11971 
1,016 
1,782 

•  l!685 

2',  624 
3,098 

2,802 
2,440 
2,258 

•  2,735 
7,171 

1,240 
1,388 
1,519 
1,493 
1,511 

•  1,411 
1,332 
1,190 
1,380 
1,423 

1,386 
1,370 
•1,438 
1.190 
1,380 

1,423 

5,279 
3,938 
3,335 
3,367 
4,547 

•  3,399 
2,434 
4,351 
6,207 
4,552 

3,591 
4,319 

•  4,645 
5,269 
4,824 

4,321 
4,094 
3,873 
3,566 
•3,005 

2,380 
2,813 
2,715 
2,522 
2,300 

2,344 
•2,107 

6,413 
14,016 
12.067 

7,080 

1,621 
1,707 
1,727 

•  1,637 
1,501 

1,605 
1,586 
1,567 
1,503 
1,540 

•  1,471 
1,677 
1,503 
1,566 
1,582 

1.509 

.,™ 

a2  IIA 

2 

5,490     2,' 043 

3 

•23,019!    2.  MA 

4 

16,811 
0,210 

10,260 

2,482 

5 

2,266 

6 

2.418 

7 

22,771     2,711 

8 

16,750  •2,560 

9 

12,320     2,600 

10 

•10,745     4,601 

10,760  14,933 
9,414'    9.940 

11 

12 

13 

7,447 
6,495 
5,493 

5,096 
•  3,925 

3.680 

14 

3.170 

15 

•3,083 

16 

3,120 

17 

3,767 

18 

4,319 

3.432 

19.             .... 

4,339'    3,211 

20 

10,233;    4,670 

8,010'    4,621 
8,300'    3.802 

3,98l!    2,975 

21 

3,461     3,009 

22 

3,451  •  2, 605 

23 

7.567 
6,472 
5,250 

•  4.970 
4,681 
4,766 
4,484 

•  3,554 
3,215 
3,157 

4,227 
4,794 
3,866 
3.276 

3,418     3,043 

24 

•  3,082     4.703 

25 

3,175     4,545 

26 

3,716     4,100 

27 

3,234     3.640 

28 

3,118     3,671 

29 

3,037l»3,223 

30 

4,060  •5,016 
3,885 

2,899'    3.185 

31 

•1.249 
1,138 
1,473 
1,487 
1,600 

1,500 
1,533 
•1,285 
1,425 
1,484 

1,547 
1,566 
1,552 
1,526 
•1,555 

1,485 
1,501 
1,382 
1,358 
1,442 

1,374 
•1,444 
1.346 
1,513 
1,572 

1,733 
2,080 
1,949 
•1.702 
1.553 

3,247 

1908. 
1 

18,696 
17.017 
•12,282 
11.584 
10,370 

0,638 
8.660 
8.457 
0,251 
•10,349 

10,823 
10,256 
10,673 
10,026 
8,769 

8,780 

•  8,609 
8,629 
8.507 
8,203 

7,069 
6,389 
6,480 

•  5,488 
5,073 

4,939 
5,568 
5,683 
5,589 
6.078 
•11,935 

10,892 
8,913 
7.256 
7.197 
7,156 

6,357 

•  5.148 
5,047 
4,679 
4,034 

3,603 
3,457 
3,452 

•  3.217 
3,183 

4.020 
4,442 
3,907 
3,628 
3,019 

•  3.051 
3,082 
2.921 
2,677 
2,234 

2,352 
2,281 

•  1.625 
1,738 
2,093 

1,677 

2 

1,350 

3 

748 

4 

1,012 

5 

1,383 

e 

•1,177 

7 

1,134 

8 

1,200 

9 

1,341 

10 

1,220 

u 

1,117 

12 

1,155 

13 

•  1.240 

14 

1,260 

15 

1,338 

16 

1,183 

17 

1,386     1.586 

1,110 

18 

1,370 

•  1,489 

1,038 

19 

1,438 
•1,217 

1,192 
1,390 
1.287 
1,334 
1,381 

1,444 
•1,403 
1.388 
1,761 
1,719 

1,534 
1,558 

1,518 
1.594 
1,512 
1,463 
•1,404 

1,450 
1.518 
1.542 
1,581 
1,636 
1,471 

1,052 

20 

•1,132 

21 

1,023 

22 

1,119 

23 

996 

24 

935 

25 

924 

26 

960 

27 

•1,093 

28 

987 

20 

980 

30 

972 

81 

909 

I  Sundays. 
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SURFACE  WATER  SUPPLY,  19a7-«. 


Monthly  discharge  of  Androscoggin  River  at  Rum/ord  FaUt,  Mt.^for  1S€7-S. 
[Drftinage  area,  2,000  square  mUes.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


January 

February . . 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


1908. 


Discharge  in  second-feet. 


Maxtmiun. 


1,870 
1.490 
7,220 
17,900 
23,800 
5,020 
6,760 
3,340 
7,170 
14,000 
23,000 
14,900 


Minimum. 


1,280 
1,210 
1,280 
2.920 
3,880 
2,950 
2,000 
1,400 
1,330 
2,110 
2,900 
2,040 


23.800 


3,210 

5,980 

9,900 

15.900 

18,700 

10.900 

2,780 

3,090 

.  1,760 

1,730 

2,080 

1,680 


18,700 


1,210 


1,960 
1,990 
2,300 
3,830 
4,940 
1,620 
1,260 
1,150 
1,190 
1,400 
1,140 
748 


Mean. 


1,550 
1.390 
1,940 
5,680 
9,640 
3,740 
2,970 
2.040 
2,460 
4.480 
7,570 
3,770 


Per 
square 
mile. 


a  742 
.665 
.928 
2.72 
4.61 
1.79 
L42 
.976 
1.18 
2.14 
3.62 
1.80 


3,940 


1.8 


2,610 
2,790 
3,670 
6,920 
9,030 
4,220 
1,730 
1,600 
1,390 
1,560 
1,510 
l,t20 


748  , 


3,180 


1.25 
1.33 
1.76 
3.31 
4.32 
2.03 
.828 
.765 
.665 
.746 
.722 
.536 


1.52 


Ran-<tf 
(depth  In 


drainage 

area). 


a86 

.69 
1.07 
3.01 
S.32 
2.00 
L6I 
LU 
L33 
Z47 
4.01 
2.  OS 


2S.66 


1.44 
1.41 
2.08 
S.6B 
4.9B 
2.2S 
.96 
.88 
.74 
.86 
.81 
.63 


20.68 


ANDROSCOGGIN    RIVER    AT   DIXFIELD,  ME. 

This  station  was  established  August  22,  1902,  to  obtain  general 
statistical  and  comparative  data  regarding  the  flow  of  Androscoggin 
River,  and  was  discontinued  July  1,  1908. 

It  was  located  about  one-half  mile  west  of  Dixfield  which  is  situ- 
ated just  above  the  confluence  of  Webbs  River,  at  the  highway 
bridge  on  the  road  to  West  Peru. 

It  is  about  4i  miles  below  the  large  development  at  Rumford 
Falls.  During  the  winter  months  the  discharge  is  affected  by  ice. 
Conditions  for  obtaining  accurate  discharge  data  are  good,  and  a 
fairly  good  rating  curve  has  been  developed  for  low  and  medium 
stages.  The  curve  has  not  been  developed  for  high  stages.  The 
gage  datum  has  remained  the  same  during  the  maintenance  of  the 
station. 
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Daily  gage  height,  in  feet,  of  Androscoggin  River  at  Dixfield,  Me.,  for  1907-8, 
[S.  F.  Robbuon,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

AU8. 

Sept. 

Oct. 

Nov. 

Dec 

1907.« 
I 

10.15 
9.75 
9.5 
9.3 
9.25 

9.35 
9.25 
9.15 
8.95 
8.7 

8.8 

9.0 

8.85 

8.8 

8.8 

8.85 

8.95 

8.9 

8.95 

8.9 

8.76 
8.8 
9.25 
11.3 
12.0 

11.5 
11.6 
11.5 
12.4 
13.05 

14.75 

1X95 

12.55 

12.1 

11.6 

11.4 

11.05 

11.0 

11.3 

11.3 

11.15 

10.7 

10.5 

10.9 

11.0 

ia9 

11.55 
11.2 
10.9 
11.0 

ia75 
10.5 
10.3 
9.9 
9.65 

9.5 
9.35 
9.4 
9.35 
9.2 
.     9.1 

8:95 
9.0 
9.1 
9.06 

9.45 

9.4 

9.05 

9.0 

9.0 

9.05 
8.95 
8.95 
8.8 
8.75 

8.65 
8.66 
8.65 
8.6 
8.95 

9.4 
9.05 

8.8 

8.65 

8.65 

9.15 
9.35 
9.05 
8.75 
8.9 

10.05 
9.8 
9.35 
9.15 
8.9 

8.85 

8.7 

8.65 

8.7 

8.5 

8.5 

8.5 

8.55 

8.35 

8.45 

8.4 

8.25 

8.2 

8.25 

8.05 

8.05 

7.95 

8.15 

8.1 

8.1 

8.2 

8.6 

8.25 

8.2 

8.3 

8.3 

8.55 

8.5 

8.45 

8.45 

8.65 

8.6 

8.45 

8.4 

8.35 

8.25 

8.1 

8.05 

&15 

8.0 

8.0 

7.95 

7.75 

7.55 

7.7 

7.9 

7.65 

7.7 

7.8 

7.8 

7.8 

7.65 

7.9 

7.85 

7.85 

7.9 

7.85 

7.75 
7.95 
8.15 
8.25 
8.5 

8.65 
8.36 
8.15 
7.66 
8.0 

8.0 
9.3 

9.6 
9.15 
a  85 

a  7 

9.55 

a9 

a25 

a  55 

10.1 
9.4 

9.0 
0.15 

9.85 
9.6 
1X9 
1X75 
la  9 

10.5 

14.06 

1X45 

11.66 

11.4 

11.05 
10.6 
10.85 
10.0 
9.75 

9.45 
9.35 

a9 

9.25 
9.05 

as 
as 
as 
a7 
a65 

a85 

a7 

a6 

a65 

a45 

a4 

2          

as 

3     

8.3 

9.3 

a45 

4            

a  15 

5      

&5 

a5 

6 

a45 

7               

8.3 
8.2 
8.2 

8.5 

8      

a4 

9              

as 

10      

&3 

9.3 

a7 

11 

12.36 

12 

11.1 

13      

9.5 

a 7  '  9.4 

8.35        0-4     1 

9.6 

14 

a9 

15 

8.15 
7.85 

a2 

8.05 
8.0 
7.9 

7.9 
7.9 

7.7 

ao 
a  75 

a55 
a35 
a2 
a  3 

10.25 

9.3 

9.1 
9.0 
a95 

as 
as 

ao 
a5 
a45 
a  35 
a25 

a  15 
a  15 
a4 
12.2 
11.9 

10.85 

9.06 

16 

8.8 

17             

9.2 

a25 
8.05 
8.2 
8.05 

ai 

7.95 
8.1 
8.25 
8.15 

8.4 
8.25 
8.25 
8.65 
9.8 
10.6 

a96 

18      

as 

IV 

9.3 

a9 

ao      

a9 

21 

a66 

22 

as 

23      

a5 

24 

9.1 

9.1 

25 

9.45 

26 

9.3 

27          

&2 

9  06 

28 

a9 

29 

9.2 

30 

ass 

81  

a7 

1 

Dmy. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

11.6 

10.75 

10.4 

10.1 

10.1 

10.05 
9.8 
9.45 
9.65 
9.3 

9.1 

8.95 

8.8 

8.65 

8.65 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1908.5 
1 

8.9 

8.8 

8.56 

&35 

8.35 

8.25 
8.65 
8.65 
8.96 
9.05 

9.05 

9.0 

&45 

8.4 

9.8 

11. 0 
11.1 
11.0 

ia9 

11.0 

11.1 
11.1 
11.1 

ia9 

11.0 

11.1 
11.1 
11.0 
11.0 
10.9 

10.8 
10.7 

16*8' 
10.8 

10.6 
10.3 
10.3 
10.1 
10.1 

10.1 
9.7 
9.6 
9.2 
9.0 

9.9 

9.85 

9.8 

9.85 

9.05 

9.4 
9.3 
10.15 
9.86 
9.6 

9.95 
10.1 
9.8 
9.4 
9.46 

12.95 

13.6 

12.46 

11.4 

11.05 

10.9 

10.65 

10.6 

10.75 

11.25 

11.15 

11.2 

11.05 

11.05 

10.65 

1908.b 
16 

9.8 
11.6 

11.0 
11.0 
10.9 
11.0 
11.1 

10.9 
11.0 
11.0 
11.1 
10.9 

11.0 
10.9 
10.9 
10.9 

9.0 
9.35 
9.3 
9.05 

a8 

a  55 
a  4 
a  55 

9.0 
9.4 

9.3 
9.45 
10.3 
10.9 
10.6 
9.9.'> 

10.15 
9.65 
9.65 
9.65 
9.85 

9.5 
9.3 
9.15 
10.2 
10.7 

11.8 

12.15 

12.55 

12.65 

12.35 

10.7 
10.7 
10.65 
10.45 
10.35 

10.2 
9.9 

10.0 
9.8 
9.55 

9.45 
9.8 
9.8 
9.65 
9.8 
11.45 

9.1 

2 

17 

9.4 

3 

18 

9.1 

4 

19 

9.05 

5 

20 

8.8 

6 

21 

a5 

7 

22 

8.66 

8 

23 

8.7 

0 

24 

a66 

10 

25 

10.1 

10.5 
10.2 
10.5 
10.7 

8.2 

11 

26 

27 

8.15 

12 

8.15 

13 

28 

7.7 

14 

29 

8.0 

w 

30 

31 

8.05 

•  Ibe  conditions  during  January,  February,  and  March,  1907.    Discharge  not  affected  by  lee  conditions 
December,  1907.    During  the  frosen  seasons,  1907-8,  gage  heights  are  to  water  surface  in  a  hole  cut  in  the  Ice. 
6  Ice  conditions  from  January  6  to  March  20, 1906. 

16254— IBB  241—10 8 
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Rating  table  for  Androscoggin  River  at  Dixfield,  Me,,  for  1906-1908, 


iMi^t. 

charge. 

1   Oan 
■hei^t. 

1 

Dla- 
charg«. 

heij^t. 
Fett. 

Dte- 
charse. 

See.-ft, 

1    Omb 
heij^t. 

1 

Dis- 
charge. 

Fttt. 

Sec.-ft. 

!    Ffft. 

8te.-fL 

\r«,. 

Sec.-ft. 

7.50 

1,430 

'    8.80 

3,970 

laio 

8,700 

11.80 

16,9«> 

7.60 

1,540 

8.90 

4,270 

ia20 

9,130 

12.00 

18,000 

7.70 

1,660 

L     ^00 

4,580 

10.30 

9,560 

12.20 

19,060 

7.80 

1,790 

9.10 

4,900 

ia40 

10,000 

12.40 

20,130 

7.90 

1,940 

9.20 

5,230 

ia50 

10,450 

1  12.60 

21,210 

8.00 

2,100 

9.30 

5,580 

10.60 

10,900 

12.80 

22,300 

8.10 

2,280 

9.40 

5,940 

10.70 

11,360 

i  13.00 

23,400 

8.20 

2,4«) 

9.50 

6,310 

laso 

11,830 

13.20 

24,500 

8.30 

2,690 

9.60 

6,690 

ia90 

12,310 

13.40 

25,600 

8.40 

2,910 

9.70 

7,080 

11.00 

12,800 

13.60 

26,720 

8.50 

3,150 

9.80 

7,470 

11.20 

13,810 

13.80 

27,840 

8.60 

3,410 

9.90 

7,870 

11.40 

14,840 

14.00 

28,960 

8.70 

3,680 

laoo 

8,280 

11.60 

15,880 

15.00 

34,660 

Note.— The  above  table  is  not  applicable  for  Ice  or  obstrueted-chaimel  cooditknis.    It  is  based  on  13 
discharge  measurements  made  during  1903-1906,  and  is  well  defined  below  gage  height  11  feet. 


Monthly  discharge  of  Androscoggin  River  at  Dixfield,  Me.,  for  1907-S. 
[Drainage  area,  2^230  square  miles.] 


Month. 


Discharge  in  sectuid-feet. 


I 


1907. 

January 

February 

March 

Anril 

May 

June 

July 

'August 

September 

October 

November 

December 

The  year 

1906. 

January 

February 

March 

April 

May 

June 


Maximum. 


2,250 
1,800 
10.000 
23,700 
33,200 
6,120 
#,490 
3.540 
9,340 
19,100 
29,200 
19,«)0 

33.200 


4,270 
7,200 
12,300 
21,500 
26,700 
15,900 


mnfmntn. 


1,550 
1,450 
1,550 
3.680 
4,900 
3,410 
2,020 
1,480 
1,600 
2.100 
3,030 
2,380 

1,450 


Mean. 


Per 
square 


1,870 
1,680 
2,340 
7,860 
12,700 
4,490 
3,380 
2,270 
2,770 
5.450 
9,710 
4,800 


0.839 
.753 
1.06 
3.52 
5.70 
2.01 
1.52 
1.02 
1.24 
2.44 
4.35 
2.15 


2,350 
2,400 
2,770 
4,740 
6,120 
1,660 


4.940 


2.22 


3,160 
3,360  I 


4,530 
9,310  ' 
11,800  I 
5,350  I 


1.42 
1.51 
2.03 
4.17 
5.29 
Z40 


Run-off 
(depth  in 
incneson 
drainage 

area). 


NOTX. — Discharge  during  the  winter  periods  based  on  the  discharge  at  Rumford  Falls. 


Acco- 

racy. 


a97 
.78 
1.21 
3.93  B. 
6.57  B. 
2.24  , 
L75 
1.18 

1.: 

2.81 
4.85 
2.48 


30.15 


L64  ,  A. 
1.68  A. 
ZU  A. 
4.65  !  B. 

6. 10  {  B. 

2.68     A. 


Discharge  January  6  to  31.  1908. 
March  1  to  20,  1908... 


feet 
..  3,110 
..  3,400 
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MISCELLANEOUS   MEASUREMENTS  IN  ANDROSCOGGIN   BIVEB  DRAINAGE 

BASIN. 

The  following  miscellaneous  discharge  measurements  were  made 
in  Androscoggin  River  drainage  basin  during  1908: 

Miscellaneous  discharge  measurements  made  in  Androscoggin  River  drainage  basin  in  1908, 


Date. 


July  22. Little        Androscoggin 

River. 
Do do 


September  11. 


.do. 


Locality. 


Near  Oxford,  Me 

Four    Street    bridge  In 

Oxford,  Me. 
Mechanic  Falls,  Me 


Width. 

Area  of 
section. 

Gage 
hel^t. 

Dto- 
charge. 

Feet. 
62 

Sq.ft. 
^39 

Feet. 
a  19.61 

Sec.-ft. 
78 

38 

56.4 

623.46 

64 

97 

177 

(') 

152 

a  Bench  mark  is  top  of  top  board  of  side  of  bridge,  74  feet  from  Initial  point.  Initial  point  is  shore  edge 
of  end  post,  downstream  truss,  l^ft  abutment. 

ft  Bem;h  mark  is  top  of  horizontal  tie  plank,  30  feet  from  initial  point  and  2  feet  from  top  of  lower  chord. 
Initial  point  Is  shore  edge  of  end  post,  downstream  truss,  right  abutment. 

<^Hearl  gage  rmd  +32  inches:  tall-water  gage  read  —1  foot  (normal);  height  of  flashboards  29  Inches. 
Zero  of  tall-water  eage  is  top  of  flashboards  of  Poland  Paper  Company's  dam.  Crest  of  dam  to  sero  of 
t«il-water  gage,  13  feet.    Gate  opening  of  No.  2  gate,  A- 

PRESUMPSCOT  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Presumpscot  River,  the  outlet  of  Sebago  Lake,  rises  about  17  miles 
northwest  of  Portland.  The  principal  tributary  of  the  lake  is 
Crooked  River,  a  stream  heading  35  miles  farther  north  and  within 
3  miles  of  the  Androscoggin.  The  area  of  the  lake  is  46  square  miles. 
The  total  water  surface  in  the  drainage  basin  is  97  square  miles. 
The  area  of  the  drainage  basin  at  the  outlet  of  the  lake  is  420  square 
miles,  and  at  the  mouth  of  the  river  600  square  miles. 

The  northern  part  of  the  basin  is  nClountainous  and  wooded;  the 
southern  part  is  moderately  hilly  and  mostly  in  farm  land.  Granite, 
gneiss,  and  mica-schists  appear  in  many  places,  and  the  soil  is 
gravelly  and  sandy.  The  fall  from  Sebago  Lake  to  tide  water  is  about 
265  feet  in  a  distance  of  nearly  22  miles,  or  an  average  of  about  12 
feet  per  mile. 

The  mean  annual  precipitation  is  probably  about  42  inches.  The 
river  and  lake  generally  freeze  over  during  the  winter. 

Sebago  Lake  is  a  magnificent  natural  storage  reservoir,  and  its 
utilization  for  this  purpose  has  made  the  regimen  of  flow  of  the 
Presumpscot  extremely  regular.  Nowhere  in  the  United  States  is 
there  a  better  example  of  efficient  regulation  of  storage  than  on  the 
Presumpscot. 

A  record  of  flow  from  Sebago  Lake  has  been  kept  since  1887. 
During  this  period  of  over  twenty  years  the  driest  season  was  that 
of  1905,  and  the  wettest  1891,  the  total  flow  for  these  two  years  being 
about  in  the  ratio  of  1  to  2.22. 
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PREHUIiPRCOT   BITER   AT   OUTLET   OF   SEBAOO   LAKE,  ME. 

Since  January,  1887,  the  flow  from  Sebago  Lake  has  been  regu- 
larly rei^rded,  the  quantity  being  deduced  during  most  of  this  time 
from  the  openings  in  the  gates  at  the  dam,  the  discharging  capacity 
of  which  under  different  conditions  of  head  has  been  determined  and 
tabuUteil  by  Hiram  F.  Mills,  of  Lowell.  In  March,  1904,  S.  D. 
Warren  &  Co.  completed  a  hydroelectric  plant  at  ilel  Weir  FaUs, 
near  Sebago  Lake,  bringing  water  directly  from  the  dam  at  the  lake 
by  means  of  a  canal.  A  head  of  40  feet  is  thus  obtained  at  average 
lake  level. 

The  development  at  Eel  Weir  has  necessitated  a  different  method 
of  re<H)rding  the  flow  from  the  lake.  The  water  is  used  through  three 
pairs  of  33<inch  Hercules  wheels.  The  water  used  by  these  wheels 
in  recorded  by  three  Allen  meters,  one  on  each  pair.  These  meters 
wore  rated  by  the  result  of  a  test  at  Holyoke  of  one  pair  of  these 
wheels. 

Since  the  station  was  finished  the  performance  of  the  wheels  and 
of  the  recording  meters  has  been  checked  by  careful  current-meter 
readings  in  the  canal  and  brake  tests  of  the  wheels,  combined  with 
eUwtrical  readings  of  the  generator  output.  The  records  of  the 
generator  output  of  the  station  are  kept  and  the  constant  ratio  be- 
tween these  readings  and  the  Allen  meter  records  gives  a  good  check 
on  the  latter. 

It  is  usually  desired  to  keep  a  constant  flow  through  the  canal, 
and  when  demands  for  power  are  not  sufficient  to  utilize  the  entire 
flow  through  the  wheels  the  excess  of  water  is  run  off  through  a  pair 
of  regulating  gates  at  the  power  station,  a  record  of  the  openings  of 
these  gates  being  kept  and  the  flow  computed  from  a  coefficient 
determined  by  current-meter  tests. 

The  flow  at  times  from  the  lake  may  be  greater  than  it  is  safe  to 
carry  through  the  canal,  though  this  has  not  as  yet  happened.  At 
such  times  it  will  be  necessary  to  draw  part  of  J;he  water  through  the 
old  regulating  gates  in  the  main  dam. 

A  continuous  record  of  the  Sebago  Lake  level  has  been  kept  since 
January,  1872.  The  lake  fills  rapidly  after  March  1,  attaining  its 
maximum  height  between  the  middle  of  April  and  June  1,  and  then 
gradually  subsides  as  water  is  withdrawn  for  mill  purposes,  until  a 
minimum  stage  is  reached — sometimes  in  the  autunm  but  usually 
in  the  winter. 

The  records  of  lake  level  and  discharge  make  an  unusually  com- 
plete and  valuable  series  of  data.     These  have  been  furnished  from 
time  to  time  by  S.  D.  Warren  &  Co.,  and  the  data  regarding  the  new 
methods  of  measurement,  etc.,  is  from  a  description  furnished  by 
^  A.  Warren. 
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The  maximum  daily  discharge  occurred  from  April  25  to  May  7, 
1898,  and  was  a  continuous  flow  of  2,000  second-feet.  The  discharge 
for  the  minimum  week  (not  considering  periods  when  for  some  rea- 
son the  plant  was  not  running)  occurred  March  17  to  23,  1907,  and 
averaged  256  second-feet. 

Daily  discharge ^  in  ucond-feet^  of  Presump$cot  River  at  outlet  of  Sehago  Lake^  Me.,  for 

1907-S. 


Day. 

Jan. 

Feb. 

617 
522 
a  417 
522 
622 

622 
522 
522 
522 
o335 

518 
518 
517 
517 
508 

617 
o325 
517 
517 
517 

517 
515 
515 
o263 
333 

433 
3.33 
333 

725 
0542 
817 
817 
817 

795 
893 
800 
0450 
817 

822 
823 
820 
823 
717 

o467 
812 
820 
822 
817 

822 
808 
0542 
812 
818 

Mar. 

333 
333 
o228 
350 
350 

350 
350 
350 
350 
o225 

345 
345 
345 
342 
283 

267 
ol92 
267 
267 
267 

267 
267 
267 
o208 
267 

283 
325 
333 
333 
333 
ol67 

o500 
810 
820 
820 
820 

800 
533 
o333 
817 
822 

820 
818 
7.58 
328 
ol03 

585 
525 
525 
600 
553 

267 
o58 
615 
470 
515 

Apr. 

817 
267 
267 
267 
285 

272 
ol73 
272 
290 
328 

418 
417 
418 
0  317 
418 

420 
417 
418 
415 
400 

0300 
417 
418 
417 
427 

425 
413 
o287 
415 
417 

613 
662 
625 
292 
0  217 

667 
733 
717 
550 
617 

233 

ol50 

617 

ml 

667 
667 

t>3:j 

283 
0  15N 

617 
675 
675 
6X3 
225 

May. 

June. 

July. 

Aug. 

Sapt. 

Oct. 

407 
405 
463 
552 
448 

o215 
542 
542 
542 
542 

542 
542 
o231 
543 
540 

MO 
540 
542 
542 
o270 

538 
538 
540 
540 
542 

502 
o268 
540 
540 
553 
540 

800 
783 
617 
0  325 
800 

800 
800 
800 
800 
633 

o267 
792 
783 
800 
800 

792 
700 
o358 
817 
817 

800 
7H3 
767 
6.50 
0383 

Nov. 

540 
540 
o225 
542 
542 

542 
542 
545 
545 
0  398 

685 
686 
684 
664 
674 

661 
0332 
691 
680 
678 

677 
672 
647 
0433 
670 

668 
660 
660 
672 
663 

0392 
733 
750 
742 
750 

750 
583 
0333 
742 
750 

758 
758 
750 
625 
0430 

750 
750 
733 
717 
642 

625 
0443 

7t>8 
762 
717 

D«c. 

1907. 
1      

520 
522 
522 
522 
522 

a382 
522 
522 
500 
515 

522 
513 
o393 
522 
522 

522 
522 
622 
622 
0  417 

622 
517 
517 
520 
522 

522 
•  427 
522 
522 
522 
522 

668 
667 
668 
667 
0  318 

745 
723 
568 
657 
720 

742 
o200 
668 
750 
750 

750 
750 
742 
0383 
750 

750 
750 
750. 
750 
730 

417 
417 
417 
408 
o282 

417 
417 
417 
417 
417 

417 
o342 
548 
548 
550 

550 
552 
552 
•  350 
552 

552 
550 
550 
553 
561 

0445 
550 
552 
550 
485 
550 

400 

242 

ol58 

5:« 

667 
667 
517 
233 
083 

683 
800 
817 
817 
817 

267 
oll7 

748 
825 
825 

825 
825 
2.'>4 
o  167 
770 

550 
0  417 
560 
660 
647 

550 
650 
550 
0  375 
550 

550 
550 
552 
552 
562 

0  367 
652 
552 
552 
552 

552 
552 
0430 
550 
547 

520 
513 
510 
535 
<>433 

550 
783 

788 
808 
825 

150 
o280 
725 
750 
775 

817 
825 
275 
0258 
733 

825 
800 
792 
700 
300 

o262 
733 
817 
817 
817 

560 
547 
543 

368 
670 

493 
o385 
547 
548 
545 

547 
547 
547 
O410 
540 

538 
548 
553 

688 
593 

O308 
500 
495 
497 
503 

503 
493 
O408 
500 
500 
493 

733 
717 
400 
67 
0*200 

333 
333 
333 
333 
333 

167 
0200 
733 
7.50 
750 

733 

750 

700 

o3,58 

750 

750 
750 
750 

im 

617 

600 
488 
463 
o333 
427 

433 
427 
432 
427 
430 

O370 
437 
437 
437 
450 

435 
435 
0347 
433 
433 

443 

433 

433 

433 

0373 

412 
373 
373 
373 
373 
373 

650 
0333 
767 
750 
750 

767 
750 
700 
0  300 
750 

742 

.550 
650 
683 
650 

0375 

782 
782 
767 
783 

7« 

mi 
ami 

817 
817 

oa^ 

275 
275 
275 
275 

275 
275 
a272 
333 
337 

335 
337 
337 
337 
03O8 

337 
367 
433 
373 
408 

400 
0258 
387 
382 
393 

405 
410 
402 
0I6O 
403 

817 
817 
817 

783 
617 

0442 
750 
783 
783 
783 

783 
725 
0  467 
783 
783 

733 
783 
783 
667 
0400 

792 

792 
800 

i\n 

792 

o250 

2  

677 

3      

670 

4 

672 

5       

672 

S        

673 

7 

647 

g        

o272 

9 

668 

10 

666 

11 

670 

12 

670 

13 

671 

H 

663 

15 

0438 

16 

672 

17 

672 

18 

677 

19 

670 

20 

670 

21    

680 

22 

o268 

23     

677 

24 

677 

26       ... 

675 

as 

662 

27 

672 

28 

668 

29    

o272 

30 

667 

31 

667 

1908. 
1 

668 

2   

680 

3 

682 

4    

695 

6 

6 

650 
0  417 

7 

650 
553 
593 

10 

605 

u 

562 

12 

680 

13 

0422 

14 

608 

15 

607 

16 

628 

17 

610 

18 

612 

19 

617 

20 

0392 

21 

622 

22      

642 

23i. 

626 

24      

625 

25 

60S 

o  Sunday's. 
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DaUy  discharge,  in  teeond-Jut,  of  PreMumpscot  River  at  mitUt  of  Sehago  Lake,  Me.,  for 

1907-8— Continued. 


Day. 


1006. 

35 

27 

28 

29 

30 

31 


Jnn.      Feb. 


'I 


a  408 
792 
817 
708  t 
800    . 
817    . 


813 
820 
822 
733 


Mar. 

Apr. 

550 

also 

578 

600 

278 

567 

a42 

517 

467 

667 

608 

May. 

June. 

July. 

825 

692 

a  217 

825 

350 

750 

825 

«308 

750 

825 

800 

817 

300 

767 

817 

a58 

800 

Aug.    Sept. 


817 
817 
817 
700 
o367 
800 


1342 

783 
800 
783 


Oct.     Nov.    Dee. 


742 

667 

617 

717 

678 

aSSO 

742 

665 

581 

750 

0400 

583 

583 

680 

550 

633 

550 

a  Sundays. 

Monthly  discharge  of  Pre9ump»cot  River  at  outlet  of 'Sehago  Lake,  Me.,  for  1907-^. 
[Drainage  area,  420  square  miles.] 


Discharge  inn 

Boond-feet. 
Mean. 

Run-off 
(depth  in 
inches  on 
drainage 

area). 

Month. 

Maximum. 

522 
522 
350 
427 
553 
552 
•593 
500 
433 
553 
691 
680 

Minimum. 

382 
263 
167 
173 
282 
367 
308 
333 
160 
215 
225 
259 

Per 
square 
mile. 

1.20 
1.12 
.705 
.852 
1.14 
1.25 
1.21 
.995 
.795 
1.16 
1.41 
1.45 

1907. 
January . .  ^ 

505 
469 
296 
358 
480 
523 
507 
418 
334 
488 
594 
611 

1.38 

jPebruairy 

1.17 

March 

.81 

April 

.9S 

MAyl::. :::::::::::  "": ::::■ :::::: 

l.Sl 

June .    . 

1.40 

July 

1.4D 

August 

1.15 

8epteml)«r 

.89 

October 

1.34 

Novemlier 

1.57 

l.«7 

The  vear 

691 

817 

893 
822 
733 
825 
825 
817 
817 
817 
817 
768 
695 

160 

46.') 

1.11 

15.04 

1908. 
January , , , 

200 
450 

42 
150 

58 
150 

67 
300 
342 
267 
333 
350 

676 
766 
553 
523 
560 
637 
563 
679 
719 
698 
661 
587 

1.61 
1.82 

!;§ 

1.33 
1.52 
1.34 
1.62 
1.71 
1.66 
1.57 
1.40 

1.86 

February 

l.» 

March 

l.S 

April 

1.4D 

Mky ; .: 

1.53 

June 

1.70 

July 

1.54 

August 

1.87 

September 

1.91 

October 

1.91 

NoveiTil>er 

1.75 

Decern  l)er 

1.61 

The  year .                                   

893 

42 

635 

1.M 

20.56 

8ACO   RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Saco  River  rises  in  the  White  ilountain  region  of  New  Hampshire  at 
an  elevation  of  about  1,900  feet  above  the  sea  and  has  a  general  south- 
easterly course  to  the  Atlantic  Ocean.  It  is  about  105  miles  long, 
the  maximum  width  of  its  drainage  basin  is  about  30  miles,  and  its 
drainage  area,  comprising  1,720  square  miles,  lies  about  equally  in 
Maine  and  New  Hampshire.  Ossipee  River,  the  largest  tributary  of 
the  Saco,  enters  the  main  stream  near  Great  Falls,  N.  H. 
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The  headwaters  of  the  Saco  are  in  one  of  the  highest  and  roughest 
mountain  regions  in  the  eastern  portion  of  the  United  States,  with 
steep  wooded  slopes  and  narrow  river  valleys,  and  with  heavy  falls 
to  the  moimtain  streams.  The  moimtains  grow  gradually  lower  as 
the  ocean  is  approached,  becoming  undulating  hills  in  the  central 
portions  of  the  basin  and  comparatively  flat  land  near  the  sea.  The 
southern  half  of  the  drainage  basin  has  been  practically  cleared  of 
forests,  but  the  remainder  is  still  largely  wooded.  The  prevaiUng 
rock  is  granite,  which  makes  excellent  building  material  for  dams  and 
foundations.  The  surface  material  covering  the  larger  part  of  the 
region  is  sand  and  gravel. 

The  mean  annual  precipitation  is  about  43  inches.  Winter  con- 
ditions in  the  mountainous  part  of  the  basin  are  quite  rigorous  and 
snowfall  usually  deep. 

'  The  Saco  River  drainage  basin  has  about  84  square  miles  of  lake 
surface,  of  which  Great  Ossipee  and  Moose  lakes  are  the  most  impor- 
tant. In  its  upper  courses  the  river  falls  very  rapidly,  but  the  regi- 
men of  flow  is  variable  and  typical  of  the  mountain  stream.  In  the 
lower  part  of  the  basin,  particularly  below  the  entrance  of  Ossipee 
River,  the  stream  is  more  stable  in  regimen.  There  are  some  excel- 
lent imdeveloped  power  sites  upon  Saco  River,  and  at  Biddeford  and 
Saco  are  the  important  developments  of  the  Saco  Water  Power  Comr 
pany,  furnishing  power  for  cotton  mills.  The  Saco  is  probably  des- 
tined to  much  development  in  the  next  few  years,  as  its  power  is  ad- 
jacent to  Portland  and  other  cities  where  a  good  market  is  available. 

Complete  yearly  records  are  not  available,  but  the  driest  year  since 
1903  was  1906,  and  the  wettest  1907,  the  total  flow  during  these  two 
years  being  about  in  the  ratio  of  1  to  1 .45. 

The  following  gaging  stations  have  been  maintained  in  this  river 
basin: 

Saco  River  near  Center  Conway,  N.  H.  (1903-1908). 
Saco  River  at  West  Buxton,  Me.  (1907-1908). 

SACO  RIVER    NEAR    CENTER   CONWAY,    N.    H. 

This  station  is  located  at  the  wooden  highway  bridge  between 
Center  Conway  and  Redstone,  N.  H.,  about  2  miles  from  each  place. 
It  was  established  August  26,  1903,  in  cooperation  with  the  New 
Hampshire  forestry  commission,  to  obtain  general- statistical  data 
regardmg  the  flow  of  Saco  River.  Since  1904  it  has  been  maintained 
by  the  United  States  Geological  Survey. 

It  is  about  3  miles  below  the  mouth  of  Swift  River  and  2  miles* above 
the  outlet  of  Conway  Lake.  During  the  winter  months  the  discharge 
is  so  affected  by  ice  that  the  station  is  discontinued.    Conditions  for 
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obtaining  accurate  discharge  data  during  the  rest  of  the  year  are  good, 
and  a  good  rating  curve  has  been  developed  except  for  extreme  high 
stages. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station. 

The  following  discharge  measurement  was  made  November  23, 
1907:  Width,  192  feet;  area,  496  square  feet;  gage  height,  4.94  feet; 
discharge,  865  second-feet. 

Daily  gage  height,  in  feet,  of  Saco  River  near  Center  Conway,  N.  H.,  for  1907-^, 
[Edward  W.  Davidaon  and  Fred  Masterton,  observen.] 


Day. 

Jan.  ,  Feb. 

Mar. 

Apr. 

May. 

Junn. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.a 
1 

6.66 
6.06 
5.65 
5.65 
5.9 

5.9 
5.6 
6.5 
5.3 
6.1 

5.15 

5.1 

5.15 

5.1 

5.15 

5.15 
5.3 
5.3 
5.3 
6.2 

5.1 
5.15 

11.3 
a95 

ao 

7.5 
6.9 

6.75 
6.65 
6.85 
7.4 
7.2 

7.06 

5.35 

6.2 

7.45 

7.6 

7.8 

8.1 

7.05 

6.8 

6.5 

6.0 
5.55 
5.35 
5.26 
6.1 

5.06 

5.05 

5.25 

5.1 

5.05 

5.15 

9.92 
8.33 
7.84 
7.50 
6.94 

6.72 
6.44 
6.89 
7.12 
6.75 

6.44 
6.70 
7.15 
6.41 
5.98 

5.0 

5.0 

5.3 

6.46 

6.1 

6.1 

5.6 

5.3 

6.06 

4.95 

4.86 
4.65 
4.56 
4.46 
45 

4.4 

4.3 
4.2 
4.1 
4.2 

4.15 
4.0 
3.95 
3.95 
3.9 

3.9 
4.15 
4.15 
4.06 
4.16 

a  57 
5.85 
6.43 
6.20 
6.00 

4.85 
4.72 
4.66 
4.54 
4.41 

4.33 
4.25 
4.21 
4.12 
4.04 

6.9 
4.9 
4.5 
4.3 
4.0 

4.45 
3.9 
4.0 
.3.95 
3.85 

3.9 

4.1 

435 

406 

3.95 

3.9 
3.8 
3.8 
3.66 
3.65 

3.66 
3.6 
a66 
3.75 
3.7 

3.9 
415 
445 
3.96 
3.8 
3.7 

3.71 
3.66 
3.58 
3.58 
3.82 

3.71 
3.62 
3.68 
3.56 
3.50 

3.49 
3.48 
3.42 
3.41 
3.40 

3.65 

3.8 

406 

40 

44 

40 
3.96 
3.85 
3.7 
3.65 

3.6 

3.55 

3.5 

3.66 

3.5 

3.55 

3.5 

3.45 

3.4 

3.36 

3.4 
3.4 
3.36 
3.36 
3.4 

3.36 

3.3 

3.3 

3.3 

3.26 

3.25 

a66 
3.64 
3.67 
3.54 
3.68 

7.26 
6.47 
5.18 
468 
438 

420 
5.23 
445 
419 
402 

3.3 

3.35 

3.46 

3.66 

42 

44 

40 

&75 

6.8 

5.1 

43 

3.86 

3.7 

3.66 

3.6 

3.55 

3.5 

3.46 
3.4 
3.35 
415 
43 

415 
40 
3.86 
44 
7.1 

3.50 
3.48 
3.50 
3.47 
3.45 

3.42 
8.41 
3.41 
3.40 
3.38 

3.30 
3.34 
3.S2 
3.31 
3.30 

6.7 
5.15 
49 
5.8 
5.3 

496 

47 

485 

&56 

5.56 

5.2 

5.2 

5.36 

5.1 

485 

465 
46 
445 
435 
435 

43 

425 

42 

41 

406 

406 

40 

6.3 

9.85 

7.6 

&6 

3.54 
3.42 
3.48 
3.50 
3.42 

3.30 
3.36 
3.37 
3.34 
3.30 

3.40 
3.65 
3.54 
3.42 
3.38 

&0 

5.7 

H3.10 

&66 

7.3 

6.8 
12.9 
&35 
7.25 
&8 

6.5 

6.25 

5.9 

5.7 

5.5 

5.3 

5.2 

5.1 

5.06 

495 

496 
49 
495 
485 
49 

49 
475 
466 
456 
44 

3.48 

3.40 
3.39 
3.36 
^38 

3.36 
3.35 
3.37 
3.38 
3.36 

3.40 
3.54 
3.62 
3.56 
3.50 

2 

3 



4 

5 

6 

7 

8 

0 

49 

10 

... 

5.55 

n 

7.4S 

12 

47 

13 

&25 

14 

5.9 

15 

5.8 

16 

5.6 

17 

5.3 

18 

5.15 

19 

5.0 

20 

496 

21 

5.06 

22 

47 

23 

5.85 

5.0 

24 

7.25 
7.7 

6.9 
8.6 

7.3S 

26 

606 

26 

5.55 

27 

M6 

28 

7.85 
8.5 

^2 

29 

10.9 

53S 

30 

8.8 
7.4 

9.6 

5.96 
6.86 
5.55 
5.16 
5.00 

5.23 

ais 

31 



5.3 

1908.  e 
1.  -     . 

6.11 
4.91 

3  05 

2 

1 

300 

3. 

4.88 
4.74 
5.22 

305 

4 

309 

6. 

3  07 

6 

7 

i 

5.70 

8        .... 

0.20 
5.72 
5.52 

5.96 
6.15 
5.82 
5.56 
5.70 

9 

10 

11      

12 

13 

1 

14 1 

1 

5              1       :;:::::;:::::; 

©River  froien  over  January  1  to  March  29,  and  December  1  to  9  and  26  to  31, 1907. 
^Maximum  gage  height  Noverabej-  3, 1907,  at  2.30  p.  m.  was  17.14  feet. 

clce  conditions  January  5  to  March  22, 1908,  excopt  February  16  and  17,  which  were  probably  not  mate* 
riaUyafleotadbyioe.    loe  conditions  also  prevailed  December  6  to  31, 1906. 
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Daily  gage  height,  in  feet ,  of  Saeo  River  near  Center  Conway,  N.  H.^for  1907-S — Con. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.     Dec 

1906. 
16 

iai4 

7.09 
a27 

8.24 

'*ft.fi9* 
6.93 

5.48 
4.86 
4.72 
5.16 
6.44 

4.96 
6.93 
6.94 
7.32 
6.84 
6.20 

6.66 
6.94 
6.80 
6.96 
6l07 

6.62 
6.46 
6.66 
6.84 
7.17 

8.66 
8.84 
10.01 
8.72 
7.68 

6.84 
5.83 
5.74 
6.69 
6.60 

5.37 
5.78 
6.88 
6.11 
6.64 

6.32 
6.24 
5.10 
4.99 

4.88 

ao4 

4.49 
4.74 
4.26 
4.12 
4.02 

3.98 
3.92 
3.86 
3.86 
3.85 

3.82 
3.73 
3.70 
3.70 
3.68 

3.39 
3.39 
4.18 
4.07 
6.85 

478 
4.38 
4.30 
4.02 
3.92 

4.18 
4.03 
3.82 
3.75 
3.60 
3.69 

3.88 
3.90 
4.45 
4.14 
3.93 

3.74 
3.78 
3.74 
3.71 
3.69 

3.64 
3.62 
3.60 
3.67 
3.54 
3.61 

3.29 
3.30 
3.27 
3.28 
3.25 

3.26 
3.28 
3.26 
3.32 
3.34 

3.32 
3.28 
3.27 
3.45 
3.89 

3.38 
3.36 
3.34 
3.32 
3.31 

3.30 
3.32 
3.30 
3.29 
3.31 

3.30 
3.44 
3.58 
3.56 
3.66 
3.58 

3.42 
3.41 
3.38 
3.43 
3.40 

3.40 
3.43 
3.38 
3.41 
3.48 

3.68 
4.06 
4.06 
3.80 
3.65 

17 

18        

19 

ao 

21 

22 

23 

24 

25 

26 

27      

28 

20      

30 

31 

Rating  table  for  Saco  River  near  Center  Conway,  N.  H.,/or  1906-1908. 


hei^t. 

DIs- 
charge. 

Gage 
hel^t. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

DIs- 
charge. 

Ftet. 

Sec.^t. 

Feel. 

Sec-ft, 

Feet. 

« 

Feet. 

8ec.-fl. 

3.00 

100 

4.30 

567 

5.60 

7.80 

3,836 

3.10 

115 

4.40 

612 

5.70 

1,609 

8.00 

4,120 

3.20 

133 

4.60 

660 

5.80 

1,602 

8.20 

4,425 

3.30 

164 

4.60 

728 

5.90 

1.677 

8.40 

4,740 

3.40 

178 

4.70 

789 

6.00 

1,764 

8.60 

6,060 

3.50 

206 

4.80 

852 

6.20 

1,950 

8.80 

6,395 

3.60 

238 

4.90 

917 

6.40 

2,160 

9.00 

6,735 

3.70 

274 

6.00 

984 

6.60 

2,355 

10.00 

7,600 

3.80 

314 

5.10 

1,053 

6.80 

2,670 

11.00 

9,600 

3.90 

358 

5.20 

1,124 

7.00 

2,796 

12.00 

11,700 

4.00 

404 

6.30 

1,197 

7.20 

3,030 

13.00 

13,900 

4.10 

463 

6.40 

1,272 

7.40 

3,285 

14.00 

16,200 

4.20 

504 

5.50 

1,349 

7.60 

3,555 

Note.— The  above  table  is  not  applicable  for  ioe  or  obstructed  channel  conditions.    It  Is  based  on 
discharge  measurements  made  during  1903-1907  and  is  well  defined  between  gage  heights  3.3  feet  and  9  feet. 
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st:^face  water  supply,  1907-4. 


Monthly  dudktrge  ofSaeo  Riper  near  OfOer  C^mmmg,  S.  H.^for  tsms. 
[Dnfaa^F  ai«ft«  26S  aqoMV  ■tot.] 


MAxtaoam. 


Iftoaarf.... 
Yfhxvarf.. 
MatcIi 

June 

July 

AuruKt 

S^tember. 

No  vera  ln^.. 
Deomiber.. 


1«I7. 


The  jr#»tr. 


Janufliy.. 

March.... 

ApriJ 

May 


IMK. 


June 

July I 

A  upust I 

HfpU'm\)eT 

CJctoJier ' 

Nov«»mljer 

December 


fi.SSO 

10,2(10 

!.«•« 

612 
2,910 
7,3U0 
14,10(1 
3,350 


14,100 


l.O-O 

7,  too 

3J*« 

7,630 

7,440 

2.320 

l.fiSO 

3.090 

354 

2ai 

433 

270 


1,050 

1.O20 

3» 

2» 

144 


MO  - 


2,011: 

7» 
4tf 

242 

SS& 

1.2»- 

2.4», 

1,160 


.4K 

&25 
C83 
LK 

1.44 

6.47 
X.M 


1.070 


i7» 


9M 
904 

ai7 

176 
219 
144 
153 
166 


2,290 
2,330 
657 
363 
S57 
174 
1S4 
211  ' 
167 


L36 
2.01 
X29 
&.»5 
6.05 
1.71 
.M3 
L45 
.4S2 
.479 
.548 
.434 


LOS 

X49 

7.V 
XIS 
L34 
.73 
L61 
X.8S 
7.22  A. 
X.47     B. 


D. 
D. 
D. 
A. 
A 
B. 
B. 
C. 
B. 
A. 


L57  D. 
X17  D. 
164  C. 
6.64  A 
6.96 
1.91 
LOO 
L67 

.50 

.55 

.61 

.50 


A. 

B. 
B. 
B. 
C. 
C. 
C. 
B. 


The  year. 


7,880 


750  . 


L97 


a&.83  . 


Note.— Dischanpp  diirini;  the  frotpfi  pertodn  1907  and  1906  abo  September  8  to  10,  1907,  based  on  the 
diacbarge  (or  the  corresponding  periods  of  Pemisewasset  River  at  Plymouth. 

fl^M   11^1      CmA^ 

oeoana-ieci. 

Dischargp  March  l-2»,  1907 326 

March  29.  1907 7,000 

S^-ptemfjer  8^10,  1907 367 

t>t'Cfin\x*T  1-9,  1907 450 

I>«*'ml)er2f^31,1907 1,000 

Januarys,  19U« 800 

January  <;-31. 190H 490 

Fehruary  1-15,  19rts.... 900 

'  February  18-29.  190H 650 

March  1-22.  190S SOO 

December  6-31, 19«* 150 

8ACO   EIVER    AT    WEST   BUXTON,    ME. 

During  October,  1907,  a  hydro-electric  plant  was  completed  at 
West  Buxton,  Me.,  by  the  Portland  Electric  Company.  Records  of 
flow  at  this  point  have  been  kept  since  that  time,  under  the  direction 
of  J.  G.  White  &  Co.,  engineers  and  builders  of  the  plant,  and  fui^ 
nished  the  United  States  Geological  Survey  through  their  courtesy. 

The  dam  is  of  concrete,  with  a  roUway  about  300  feet  long,  and  a 
head  of  about  25  feet  is  utilized  by  three  750-kilowatt  units.  The 
discharge  is  based  upon  gage  readings  taken  every  hour  and  the 
results  are  considered  excellent. 
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Daily  discharge,  in  second-feet,  o/Saco  River  at  West  Buxton,  Me.,  for  1907S. 


Dmy. 


1007. 

1 

2 

3 

4..... 
6..... 


6.. 
7.. 
8.. 
9.. 
10.. 


Oct. 


Nov. 


5.132 
5.398 
0  6,720 
7.859 
8,232 

10.469 
13.223 
13.018 
13.472 
013.347 


Dec 


0  2.619 
2.505 
2,397 
2.397 
2,397 

2,202 
2.017 
o  1,425 
2.397 
2,595 


Day. 

Oct. 

1907. 
11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

2,079 
01.771 

Nov. 


12,761 
10,898 
9.541 
8,581 
7,483 

6,661 
o5,710 
5.434 
3,546 
4,270 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1908. 
I           

5.000 
4.580 
3,940 
3,445 
03, 635 

2.555 
2,990 

1,791 

ol,522 

1.972 

o2,395 
2,736 
2.532 

7,ni 

7,790 

11,404     6.341 
11,641     5,631 

1,244 

2 

1,800 

3 

7,651 

al2.197    5.443 

1,719 

4 

1,989     2,621 
2,008  j  2,604 

1,944  I  2.541 
2.456     2.459 

7,162  ,13,263     5.409 
06.427   12,577     6,111 

6,388  111.903     4,768 
6,404  ,10.636  04. 343 
6,503     9.821      4.039 

666 

6 

0609 

e 

1.741 

7 

1,256 

8 

4.540  >  2.219  02,212 

1,751 
1,289 
1,113 

9 

4,740  101.880  :  2.423 

6,527 

9.574     3.823 
09.093     3,291 

8.688     2,982 
8.003     2,901 
7,892     2.627 
7,m    o2-.«3 

10 

4,260 

3,635 
03,215 
3,765 
3.778 
3,442 

3.220 

1,772 

1,973 
2,018 
2,118 

2,219 

2,129 
2,129 
2.286 

6,603 

6,997 
07,299 
7,192 
6.714 
6,641 

6.714 

11 

1,058 

12 

0709 

13 

756 

14 

2,243     2,115 
2,520  o2,213 

04.8&4     3,392 

1.176 

15 

7,167 

6,831 

06, 366 

6.098 

5,778 

2,249 

1,134 

16 

2,063 
1.860 
2.067 
2.039 

841 

17 

2,818 

5.586     4.123  !  ^'.m 

832 

18 : 

2.765     4,594     3.9»iS     6.241 
02. 525     4.243     3,526   06. 489 
2,823     3.875     3,249     6,485 

1              I 
2,858     3,795     3.196     G,.m5 
2,803     3.745   o3,OQ4     6.162 

1.380 

19 

0455 

20 

5,493      1.939 

4.758  lol,571 
4.536  •   1.596 

938 

21 

1.217 

22 

1.471 

23 

2,555   03. 280     3.:«.'i     5.938  '  4.773      1.791 

1.406 

24 

2,236 
2,244 

01.818 
2,435 
2.364 
2,153 
2.111 
1,801 

3.294     5,031      5.88<i 
3,134     6,529.5,714 

2,966     5,478   a5.921 
2.878  1  4,219  '  6.5<>2 
2,811  1  6,535     6.9.'i3 

04.580  t  1.698 
5.074  .   1,538 

5.209  '  1.418 

l.-^.'Wi 

28 

1,242 

26 

0  849 

27 

5,104 
4.830 
4,636 
4.360 
05,777 

1,296 
0  662 
1,175 
1,661 

l.(M2 

28 

1,180 

29 

2,781    06,501 

8,434 

909 

30 

7,430 

1  7,532 

9,641 

778 

31 

1,068 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

683 

816 

767 

0688 

797 

0  878 

771 

782 

884 

777 

1.049 

762 

899 

775 

744 

1,311 

747 

0759 

657 

727 

1,119 

747 

773 

634 

556 

1.261 

0255 

897 

668 

0333 

1,337 

735 

836 

722 

470 

1.938 

761 

732 

O509 

736 

01, 967 

505 

711 

645 

74tf 

2,153 

423 

696 

624 

793 

2,499 

419 

a562 

641 

740 

2,276 

632 

766 

578 

744 

1.709 

0293 

0838 

635 

0452 

1,.586 

924 

693 

622 

840 

1,398 

691 

664 

0410 

798 

0965 

1,053 

662 

629 

755 

1,191 

811 

622 

712 

715 

1,250 

988 

0517 

615 

732 

8<i0 

890 

624 

623 

676 

1,121 

0  546 

638 

649 

0464 

1,074 

818 

679 

619 

789 

1,025 

780 

644 

O405 

737 

0  877 

723 

582 

579 

739 

899 

763 

5.52 

617 

850 

938 

732 

0431 

684 

492 

727 

664 

583 

514 

658 

669 

o589 

679 

742 

0  462 

797 

842 

743 

772 

662 

842 

914 

726 

0552 

671 

0742 

761 

787 

862 

592 

787 

783 

669 

>  Sundays. 
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SUBFACE  WATER  SUPPLY,  1907-8. 


Monthly  discharge  ofSaco  River  at  West  Buxton,  Me.,  for  1907-^. 
[Drainage  area,  1,560  square  miles.] 


Month. 

Discharge  in  second-feet. 

Ron-off 
draimge 

■wf^TTifiiilUri, 

■ifnlmiiifi  ■ 

Mean. 

Per 
square 
mile. 

October  1»-31.. 

1W7. 

4,860 
13,500 
6,230 

1,100 
8,160 
1.42S 

2,140 
6,960 
4;  200 

1.38 
4.50 
2.75 

a67 

November 

5w0e 

December 

3.17 

1908. 

January ... 

5,000 
5,500 
7,530 
0,640 
13,300 
6,340 
1,800 
2.500 
1,050 
899 
884 

1,800 

1,520 

2,120 

6,710 

4,370 

662 

455 

669 

255 

431 

405 

3,130 

2,840 

3,640 

6,800 

7,590 

2,850 

1,140 

1,220 

711 

697 

639 

671 

2.02 
1.8S 
2.S5 
4.39 
4.90 
1.84 
.735 
.787 
.450 
.450 
.412 
.433 

2.  S3 

Febniary.,                                         .... 

1.97 

U«v«h . 

2.71 

April 

4.90 

i^^:::://^^::::^:::::::::::^:::.^^::: 

&66 

Jllnft  -   , ,     ■.,,-,-,-    , r    ,         , 

2.06 

July 

.85 

August 

.91 

September 

.51 

October 

.52 

November 

.46 

December 

850 

xa 

.50 

The  vear. 

13,300  '               2S5 

2,660 

1.72 

23.30 

ER  DR 

JCRIPTIO 

MERRIMAC   RIV 

DEf 

LINAGE  BASIN. 
N. 

Merrimac  River  is  formed  near  Franklin,  N.  H.,  by  the  union  of 
Pemigewasset  and  Winnepesaukee  rivers.  The  Winnepesaukee  is  a 
short  stream  coming  from  the  northeast  and  fonifing  the  outlet  of 
Lake  Winnepesaukee,  wliile  the  Pemigewasset  has  its  extreme  sources 
between  50  and  60  miles  to  the  north  of  Franklin,  and  less  than  10 
miles  from  Mount  Washington.  From  Franklin  the  course  of  the 
river  is  southward  for  about  60  miles,  where  it  crosses  the  state  line 
into  Massachusetts.  A  few  miles  below  the  state  line,  as  it  ap- 
proaches the  city  of  Lowell,  it  turns  abruptly  and  runs  for  some  40 
miles  northeastward  to  the  ocean  at  Newburyport.  Its  total  length  is 
about  110  miles,  and  its  drainage  area  measures  5,015  square  miles, 
about  1,200  square  miles  being  in  Massachusetts,  of  which  212  square 
miles  lie  in  the  Nashua,  Sudbury,  and  Lake  Cochituate  drainages, 
from  which  water  is  permanently  diverted  for  the  supply  of  the 
metropolitan  district  adjacent  to  Boston. 

Important  tributaries  of  the  Merrimac  other  than  the  headwater 
streams  are  the  Contoocook,  Suncook,  Piscataquog,  Souhegan,  and 
Nashua.  The  Nashua  River  lies  nearly  all  in  Massachusetts,  but 
enters  the  Merrimac  near  Nashua,  N.  H.  The  other  tributaries 
mentioned  are  all  in  New  Hampshire. 

The  headwaters  of  the  Pemigewasset  reach  an  elevation  approxi- 
mately 2,000  feet  above  the  sea,  while  at  Franklin  the  river  is  at  an 
elevation  of  about  270  feet.     The  upper  portion  of  the  basin  is  rough 
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and  mountainous  and  very  largely  in  forest.  Below  Franklin  the 
country  is  more  uniform  in  topography  and  largely  in  farm  land. 
The  main  river  consists  of  a  series  of  reaches  with  moderate  slopes, 
usually  separated  by  falls  over  ledge  rock,  and  the  faU  being  thus 
concentrated  at  a  few  places  makes  the  river  valuable  for  power 
purposes. 

The  observed  mean  annual  rainfall  is  about  42  inches,  varying  from 
about  46  inches  at  Lowell  to  about  38  inches  at  Plymouth.  It  is 
probable,  however,  that  in  the  mountain  regions  near  the  source  of 
the  Pemigewasset  the  precipitation  is  much  greater  than  elsewhere 
in  the  drainage  basin.  The  river  is  generally  frozen  during  the 
winter,  and  especially  in  its  northern  portions  there  is  usually  a  deep 
fall  of  snow. 

The  Merrimac  drainage  basin  is  well  supplied  with  natural  facilities 
for  storage,  the  combined  area  of  lakes  and  ponds  amounting  to 
approximately  183  square  miles.  About  105  square  miles  of  this  is 
tributary  to  the  Winnepesaukee  River,  and  of  this  amount  about  72 
square  miles  is  composed  of  Lake  Wirmepesaukee — nexttoMoosehead 
Lake  the  largest  body  of  water  in  New  England — which  has  about  4 
feet  of  available  depth  of  storage,  corresponding  to  somewhat  less 
than  8  billion  cubic  feet.  Squam  Lake,  tributary  to  the  Pemi- 
gewasset through  Squam  River  at  Ashland,  is  also  a  large  lake,  with 
nearly  15  square  miles  area.  Newfound  Lake  is  also  tributary  to  the 
Pemigewasset,  with  about  half  the  water  area  of  Squam  Lake.  The 
storage  on  all  of  these  lakes,  besides  numerous  smaller  ones,  is  con- 
trolled by  users  of  water  power  on  the  river  and  serves  to  improve  the 
regimen  of  low  water  flow  very  greatly.  In  a  general  way  the  most 
favorable  opportunities  for  storage  on  the  Merrimac  are  being  utilized, 
but  there  are  still  many  reservoir  sites,  especially  in  the  upper  por- 
tions of  the  drainage  basin,  that  will  also  be  of  eventual  service  for 
this  purpose. 

The  river  is  navigable  as  far  as  Haverhill,  and  for  small  boats  as 
far  as  Lawrence. 

The  Merrimac  is  one  of  the  most  noted  rivers  in  the  country,  and  in 
fact  in  the  world,  for  the  development  of  water  power.  Lawrence, 
Lowell,  and  Manchester  are  great  industrial  centers,  largely  devoted 
to  cotton  and  woolen  manufactures,  that  owe  their  location  to  the 
excellent  water  power  available  at  their  sites.  There  are  only  one  or 
two  opportunities  remaining  for  power  development  on  the  main 
river,  but  on  the  tributaries,  especially  the  Pemigewasset  and  its 
tributaries,  there  is  a  large  amount  of  unutilized  fall.  (See  Plate  IV.) 
The  longest  available  run-off  record  of  flow  on  the  Merrimac  is  that 
at  Lawrence,  extending  back  to  1890,  and  the  driest  year  was  1893, 
and  the  wettest  1890,  the  total  flow  during  these  two  years  being 
about  in  the  ratio  of  1  to  1.93. 
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The  following  gaging  stations  have  been  maintained  in  this  river 
basin: 

Pemigewafleet  River  at  Plymouth,  N.  H.  (1886-1908). 
Merrimac  River  at  Franklin  Junction,  N.  H.  (I90a-1908). 
Merrimac  River  at  Garvins  Falls,  N.  H.  (1904-1908). 
Merrimac  River  at  Lawrence,  Mass.  (1890-1908). 
Contoocook  River  at  West  Hopkinton,  N.  H./ 1903-1907). 
Suncook  River  at  East  Pembroke,  N.  II.  (1904-5). 
South  Branch  Nashua  River  at  Clinton,  N.  H.  (1890-1908). 
Sudbury  River  at  Framingham,  Mass.  (1875-1908). 
Lake  Cochituate  at  Oochituate,  N.  H.  (1863-1908.) 

PEMIOEWASSET   RIVER    AT   PLYMOLrPH,  N.  H. 

This  station  is  located  at  the  wooden  highway  bridge  a  short  dii*- 
tance  below  the  mouth  of  Bakers  River  in  the  town  of  Plymouth,  and 
was  established  September  5,  1903,  in  cooperation  with  the  New 
Hampshire  Forestry  Commission,  to  procure  general  information  re- 
garding the  flow  of  this  river.  From  1904  to  June  30,  1907,  it  was 
maintained  by  the  United  States  Geological  Survey,  and  since  the 
latter  date  gage  heights  have  been  furnished  by  the  Locks  and  Canals 
Company,  of  Lowell,  Mass. 

The  nearest  dam  upstream  is  at  the  pulp  mills  at  Livermore  Falls, 
distant  some  3  miles.  Downstream  the  nearest  dam  is  at  Franklin, 
25  miles  away. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  During  tlie  winter  months  the  discharge  is  usually  af- 
fected by  ice.  Conditions  for  obtaining  accurate  discharge  data  are 
good,  and  a  good  rating  curve  has  been  developed. 

Prior  to  1903  a  record  of  gage  heights  at  Plymouth  was  obtained  by 
the  Locks  and  Canals  Company  extending  back  to  1886,  and  esti- 
mates of  discharge  of  the  river  have  been  made  covering  this  period 
and  published  in  Water-Supply  Paper  124,  pages  97-101. 

The  following  discharge  measurement  was  made  October  10,  1908: 
Width,  103  feet;  area,  176  square  feet ;  gage  height,  1.51  feet;  dischai^ge, 
229  second-feet. 

Daily  gage  height,  in  feet,  of  Pemigexcasset  River  at  Plymmith^  N.  H,,foT  1907-^. 
[Frank  Morton,  obsen'er.J 


Day. 

1907.a 
1        

Jan.   ,   Feb.      Mar. 

1 
2. 7         2. 5        2. 9 
3.9      

Apr. 

f).G5 

4.S 

4.1 

4.a5 

4.85 

4.7 

4.1 
4.1 
3.7 
3.  .55 

May. 

11.15 
7.95 
6.5 
5.85 
5.5 

5.05 

5.0 

5.2 

5.7 

5.4 

Juno. 

3.0 
2.9 
3.1 
3.3 
3.4 

4. 95 

4.2 

3.7 

3.45 

3.2 

July. 

4.25 
3.75 
3.25 
2.75 
2.7 

2.35 

(«•) 
2.2 
2.2 
2.1 

Aug. 

2.0 

1.85 

2.45 

2.2 

1.85 

1.95 

1.5 

1.7 

Sept.  , 
(*) 

"i.'as" 

1.6 

3.6 
2.35 
(«>) 
1.75 
1.7    1 

Oct. 

4.45 

3.6 

3.25 

3.2 

4.5 

i'l 

3.36 
7.25 
4.6 

Nor. 

4.6 
4.3 

12.85 

10.1 
5.95 

5.0 
10.25 
7.7 
5.6 

(*) 

Dw. 

2 

iilv 

3 

3. 7      ... 

___l 

2.35 

4 

3, 35    

2.25 

5    

3  1                 

2.2 

G 

4.2     ' 

2.2 

7 

4.0      ' 

2.1 

8 

3. 5         2. 

3.3    , . . . 

8    .    2.4 

(*) 

9 

2.0 

10 

3.25'... 

_  _ 

2.2 

oRlver  frozen  January  1  to  March  24. 1907.    River  probably  not  affected  by  ice  conditioDS  during  D«oem« 
ber,  1907.    Gage  readings  during  the  frozen  period  are  to -water  surface  in  a  liolc  In  the  ioe. 
b Sunday. 
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PROFILE  FALLS  NEAR  THE  MOUTH  OF  SMITHS  RIVER.  BRISTOL.  N.  H. 
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Daily  gage  height,  in  feet,  of  PemigetDOsset  River  at  Plymouth,  N.  H.,  for  2907-8- 

Continued. 


11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
2i. 
25. 

25. 
27. 
28. 
20. 
30. 
31. 


1.. 
2.. 
3.. 
4.. 
5.. 

«.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14. 
15.. 

16. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

28.. 
27.. 
28.. 
20.. 

ao. 

31.. 


Day. 


1907. 


1908.C 


Jan. 


2.85 


2.2 


2.7 


3.25 

3.2 

3.0 

2.95 

(•) 

3.45 

8.7 

3.75 

4.7 

4.1 

3.6 

3.95 

3.7 

3.5 

3.2 
3.1 
2.05 

^k 

2.7 

2.75 

2.6 

2.5 

25 

(•) 

2.45 

3.5 

3.35 

3.45 

3.1 


Feb. 


2.6 


2.1 


2.85 

(•) 

2.7 

2.6 

2.95 

2.95 

2.85 

2.85 

(•) 

2.6 

2.5 

2.5 

2.45 

2.25 

2.1 

13.45 
56 
4.25 
3.76 
3.2 

3.25 

3.1 

(«) 

2.75 

2.7 

2.5 
2.6 
2.7 
2.6 


Mar. 


2.9 


^3.4 


4.3 

4.2 

4.05 

4.7 

66 

9.4 

7.8 


i45 
2.5 
26 
25 

2.45 
2.35 

n 

2.2 

2.1 
2.25 
2.25 
2.35 

(•) 

3.7 

4.45 

3.5 

3.2 

2.7 

2.45 
(•) 
3.45 
3.75 

51 

4.1 

4.2 

585 

(«) 

595 

4.7 


Apr. 


3.55 

3.4 

3.55 

3.6 

3.65 

3.45 

3.45 

3.5 

3.5 

3.3 

3.4 

3.5 

4.55 

8.35 

7.6 

62 
8.8 
64 
8.3 
9.0 


4.35 
4.1 
3.6 
3.25 

(«) 

3.2 

3.85 

4.75 

4.1 

3.6 

4.2 

(«) 

4.25 

3.7 

3.75 

595 
0.45 
3.05 

(•) 
4.7 

3.85 

3.7 

3.5 

625 

7.1 

n 

11.0 
11.0 
7.45 


May. 


515 
4.6 
4.4 
5  3 
57 

57 

7.6 

595 

525 

50 

4.2 
3.8 
8.5 
3.3 
3.15 

3.0 
3.2 
3.5 
3.4 
3.2 
3.0 


8.2 

7.85 

(«) 

7.45 

66 

55 

50 

525 

585 

(«) 

51 
51 
60 
52 
4.95 

10.5 
(«) 
4.1 
4.2 
3.95 

3.45 

3.85 

4.85 

(•) 

3.7 

3.35 

3.1 

2.95 

3.0 

2.86 

(«) 


June.    July. 


3.1 
2.9 
2.8 
2.6 
2.5 

2.45 

2.3 

2.3 

2.2 

2.2 

2.8 

2.6 

2.3 

2.06 

2.1 

2.16 

2.9 

2.85 

2.5 

2.6 


4.6 

3.85 

3.5 

3.2 

2.86 

2.6 

2.35 

2.2 

2.1 

2.1 
2.2 
2.0 
(«) 
1.95 

2.2 

3.25 

2.95 

2.5 

2.1 

(«) 

20 

1.86 

1.85 

1.75 

1.75 

1.7 

(•) 

1.7 

1.6 


1.96 

2.0 

2.6 

(«) 

2.1 

1.95 

1.96 

1.86 

1.7 

1.7 

(«) 

1.76 

1.7 

1.96 

1.86 

1.85 
2.95 

n 

1.95 
2.1 


1.5 
1.6 
1.5 
1.45 

(•) 

1.86 

1.76 

1.76 

1.6 

1.5 

1.45 

(«) 

1.5 

1.45 

1.35 

1.35 
1.25 

4.96 

3.6 

2.86 

3.0 

2.86 

2.26 

(•) 

2.1 

1.96 

1.86 

1.75 

1.6 


Aug. 

Sept. 

n 

1.6 

4.35 

1.6 

2.86 

1.7 

2.35 

1.5 

(•) 

1.46 

2.1 

1.46 

2.0 

1.35 

1.95 

1.85 

1.45 

1.86 

1.35 

1.75 

1.85 

(«) 

1.35 

1.7 

1.25 

2.75 

(«) 

3.1 

1.25 

2.35 

1.25 

2.25 

1.35 

2.1 

1.25 

(«) 

1.25 

7.6 

1.6 

1.45 

(•) 

1.45 

1.5 

1.35 

1.5 

1.35 

2.0 

1.45 

7.45 

(«) 

4.1 

1.46 

3.2 

1.36 

(«) 

1.2 

2.46 

1.2 

2.2 

(<«) 

3.7 

1.25 

2.95 

(«) 

2.6 

n* 

2.25 

(•) 

(<*) 

2.1 

1.25 

3.75 

1.36 

3.46 

1.35 

3.0 

(°) 

2  6 

1.2 

2.45 

C) 

1^ 

1.35 
1.25 

1.76 

C) 

1.6 

1.25 

1.7 

(«) 

1.6 

^"i 

1.7 

1.26 

n 

1.95 

Oct. 


3.85 

3.95 

(«) 

3.7 

3.25 

2.95 
2.86 
2.75 
2  6 
(«) 

2.45 

2.26 

2.2 

2.1 

2.2 

2.1 

12.26 
9.36 
57 


1.5 

1.35 

2.0 

(•) 

1.7 

1.45 
1.6 
1.5 
1.35 

(•) 

1.36 

1.46 

1.26 

1.25 

1.2 
1.2 
(«) 
(**) 
1.25 

1.25 

1.25 

1.5 

1.35 

(«) 

1.25 
1.25 

n 

1.85 
1.75 


Nov.      Dec 


4.5 

3.95 

3.6 

3.36 

3.2 

2.96 

2.85 
2.85 
2.75 

2.7 
2.7 
2.6 

1"> 
2.75 

2.75 

2.7 

2.5 

2.46 

2.26 


(•) 
1.6 
1.5 
1.7 
1.76 

1.7 
1.6 
(«) 
1.5 
1.5 

1.35 
1.46 
1.95 
1.7 

(°) 

1.76 

1.85 

1.76 

1.5 

1.6 

1.6 
(«) 
1.5 
1.5 
1.46 

1.96 

2.6 

2.6 

(•) 

2.0 


13.6 
7.1 
4.25 
4.1 
(•) 

3.6 

3.45 

3.25 

3.1 

2.96 

2.85 

66 
4.75 

3.1 

3.25 

3.2 

(«) 

3.1 

3.45 


1.96 

1.75 

1.7 

1.6 

1.6 

(•) 
1.7 
2.1 
2.0 
1.95 

1.85 

1.85 

(«) 

1.6 

2.0 

2.1 

1.95 

1.95 

1.85 

(«) 

1.95 
1.76 
1.75 
1.85 
2.1 

2.1 

(«) 

2.0 

2.0 

1.95 

1.95 


•Stmday. 
•Topofloe. 

^loe  oonditions  from  about  January  5  to  February  16,  and  about  December  15  to  31,  1908.    January  9 
aod  10  assumed  open. 
'Oage  height  less  than  1^  feet 
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8UBFACB  WATBB  SUPPLY,  1807-8. 


Rating  table  for  Pemigetvas$et  River  at  Pfymauth,  N.  If.,  for  1907~S, 


bdS^t. 

charge.  ! 

hSgETu 

Dto-     . 
charge.  | 

hdSt* 

Dit- 
chiige. 

'A 

cheigB. 

FtH, 

•^t 

Feet. 

aec.-fi,    1 

Ftit, 

8ee,-fL 

F9A, 

t^- 

1.10 

2.70 

945    1 

4.30 

2,445 

6.80 

1.20 

136 

2.80 

1,025     1 

4.40 

2,566 

7.00 

6,185 

1.30 

166    1 

2.90 

1,105     1 

4.60 

2,666 

1    7.20 

6,525 

1.40 

106    1 

3.00 

1.190     1 

4.60 

2,780 

7.40 

6.875 

l.fiO 

234    1 

3.10 

1,276 

4.70 

2,805 

7.60 

7,280 

LOG 

273    , 

3.20 

1,365 

4.80 

3,010 

1    7.80 

7,595 

1.70 

316    1 

3.30 

1,466 
i;645 

4.90 

3,130 

8.00 

7,970 

1.80 

363    1 

3.40 

6.00 

3,260 

9.00 

9.970 

1.90 

413 

3.60 

1,640    1 

5.20 

3,600 

1  10.00 

12.050 

2.00 

467 

3.60 

1,736    l| 

6.40 

3,760 

11.00 

14,160 

2.10 

625    ! 

3.70 

1,830    ' 

5.60 

4.030 

12.00 

16,250 

2.20 

685 

3.80 

1.930  ; 

5.80 

4,305 

'  13.00 

18,350 

2.30 

660 

3.90 

2,030     1 

6.00 

4,600 

14.00 

20.450 

2.40 

720 

4.00 

2,130 
2,235    ' 

6.20 

4,800 

2.fi0 

7«0 

4.10 

6.40 

6.200 

2.00 

865 

4.20 

2,340    i: 

1 

6.60 

5,520 

Nors.— The  mbove  table  is  not  applicable  for  fee  or  obstructed  <dianiiel  coaditions.    It  Is 
charge  measurements  made  during  1906-1906,  and  is  well  defined. 

Monthly  discharge  of  Pemigewasset  River  at  Plymouth,  N.  H.,  for  19(n-8, 
[Drainage  area,  615  square  miles.) 


Month. 


January.... 
February.., 

March 

April 

Mity 

June 

July 

August 

September.. 

October 

November. . 
December.. 


1907.a 


The  year. . 


January.. 
February. 
March. 
Ap 


1906.6 


Discharge  in  secoDd4eet. 


Maximum. 


10,800 
9,970 
14,600 
3,190 
2,390 
755 
7,260 
16,800 
18,000 
19,600 


Minimum. 


1,460 
1,190 
496 
316 
160 
163 
600 
618 
467 


19.600  |. 


April 
May. 


[ay.. 
June.. 


July. 

August 

September.. 

October 

November.. 
December.. 


2,900 

19,300 

6,000 

14,200 

13.100 

2,780 

3,190 

6,960 

440 

467 

865 

625 


626 
1,200 
1,060 
273 
120 
234 
120 
120 
182 


The  year. 


r 


Mean. 


526 

250 

1,400 

3.460 

3,660 

1,100 

680 

296 

874 

2,480 

3,130 

2,110 


1,650 


876 

1,520 

1,600 

4,180 

3,960 

761 

665 

944 

170 

206 

341 

273 


1,280 


Per 
square 


0.854 
.407 
2.28 
5.61 
6.79 
1.79 
l.U 
.481 
1.42 
4.08 
5.00 
3.43 


RaD-off    I 

drataiage   1  "^* 
area). 

! 


a98i  a 

.42     D. 


2.63 
6.26 
6.66 
2.00 
1.28 
.66 
1.56 
4.65 
6.68 
3.95 


2.69 


1.42 
2,47 
2.60 
6.80 
6.47 
1.24 
.900 
1.53 
.276 
.335 
.554 


2.00 


36.66 


1.64 

2.66 

3.00 

7.59 

7.46 

1.38 

1.04 

1.76 

.31 

.30 

.62 

.51 


28.36 


aDischarge  during  the  frozen  period  1907  estimated  on  the  basis  of  the  discharge  at  Franklin  Junctioo 
and  climatological  reports.  Discharge  March  I  to  24. 1907.  400  second-feet.  Dis(£arse  July  7,  September 
29,  and  October  27, 1907,  estimated  on  the  basis  of  Saco  River  at  Center  Conway.  All  other  mbsmg  days 
interpolated. 

6 Discharge  during  the  frozen  periods,  1908,  estimated  on  the  basis  of  the  discharge  at  FrankUn  Junctkm 
and  clImatoloBlcal  reports. 

Sccond-ieet. 

Discharge  January  5  to  8, 1908 9S0 

January  11  to  31, 1908 «M 

February  1  to  15, 1908 400 

December  15  to  31, 1908 MO 

Discharge  interpolated  for  missing  days  except  March  29,  April  6  and  12,  May  31 ,  July  18  and  19,  September 
11,  13,  14,  16,  22.  26,  27,  28,  October  10, 11, 18, 19,  28,  on  which  days  the  dbdiarge  was  erttmatcd  on  tin 
""-asis  of  Saco  River  at  Center  Conway. 
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MERBIMAC   RIYEB  AT  FRANKLIN  JUNCTION,  N.  H. 

This  station  is  located  at  the  wooden  raiboad  bridge  near  Franklin 
Junction,  about  1  mile  below  the  union  of  Pemigewasset  and  Win- 
nipesaukee  rivers,  and  was  established  July  8,  1903,  to  obtain 
general  statistical  and  comparative  data  regarding  the  flow  of  the 
Merrimac. 

Since  June  30,  1907,  gage  heights  at  this  point  have  been  furnished 
by  the  Locks  and  Canals  Company,  of  LoweU,  Mass. 

The  records  at  this  station,  in  conjunction  with  those  at  Garvins 
Falls  and  Lawrence,  furnish  fairly  complete  information  regarding 
the  total  flow  of  the  main  river,  and  are  of  value  for  purposes  of  water 
power  and  studies  of  storage  problems;  also  in  regard  to  navigation 
in  the  portion  of  the  river  in  tide  water  below  Lawrence. 

There  are  dams  on  both  Pemigewasset  and  Winnipesaukee  rivers 
within  2  miles  of  the  station.  The  nearest  dam  downstream  is  at 
SewaU  Falls,  near  Concord,  distant  some  15  miles. 

The  datum  of  the  gage  has  remained  the  same  since  the  estab- 
lishment of  the  station.  During  the  winter  months  the  discharge  is 
slightly  affected  for  short  periods  by  ice.  Conditions  for  obtaining 
accurate  discharge  data  are  good,  and  a  good  rating  curve  has  been 
developed  for  this  station. 

The  following  discharge  measurement  was  made  October  9,  1908: 
Width,  224  feet;  area,  734  square  feet;  gage  height,  4.12  feet;  dis- 
charge, 1,100  second-feet. 

Daily  gage  height^  in  feet  ^  of  Merrimac  River  at  Franklin  Junction  j  N.  H.,/or  1907-8. 

[¥,  R.  Roen,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

4.45 
4.45 
4.4 

Sept. 

Oct. 

Nov. 

Dec. 

1907.« 
1 

4.7 
4.9 
5.1 
5.1 
5wl5 

4.85 
5.2 
5.0 

4.8 
4.7 

4.6 
4.5 
4.6 
4.7 
4.8 

4.8 
4.85 
4.8 
4.7 

5.2 
5.3 

9.1 
7.8 
6.7 
6.5 
6.66 

6.55 

6.55 

6.5 

6.25 

6.05 

6.1 
6.2 
6.0 

"6,'i" 

6.15 

6.1 

6.0 

6.1 

5.9 

11.9 

ia3 

8.6 
8.0 
7.3 

7.0 

6.75 

6.55 

6.55 

6.8 

6.75 

6.4 

6.15 

&9 

6.95 

6.75 

&6 

8.75 

6.35 

6.9 

5.1 

4.75 

5.4 

5.4 

&5 

6.4 

6.55 

6.0 

"  '3.85 
3.9 
4.1 

4.2 
4.3 

"4.2" 
4.25 

4.3 
4.5 
5.2 
5.1 
4.9 

4.6 
4.4 
4.3 
4.2 
4.2 

6.4 

6.0 

5.45 

5.3 

5.3 

'  *6."66* 
6.3 
7.85 
7.4 

6.2 
5.8 

'"6.7" 
5.5 

5.5 
5.5 
5.6 
5.5 

7.25 
6.4 
12.3 
1Z55 

ass 

7.1 
11.3 
8.7 
7.3 

iai5 

8.9 

7.3 

6.55 

5.8 

5.75 

5.7 
5.4 
5.3 
5.2 
5.2 

4.0 

2 :.. 

4.35 

3 

4.4 

4 

5.05 
&05 

5.15 
&15 
5.2 
5.15 

"4.'2  " 
4.2 
4.15 
3.9 

3.85 
3.85 
3.05 
4.05 
4.2 

4.4 

4.4 

5 

4.6 

4.5 

4.45 

4.4 

4.3 

4.3 

4.35 

« 

4.3 

7     

4.2 

8 

4.1 

9 

4.4 

10 

5.7 

5.55 

6.4 

5.3 

5.2 

6.2 

4.9 

11 

13.06 

12 

4.2 
4.2 
4.1 
4.1 

4.05 
3.95 

lai 

13 

8.5 

14 

6.1 

15 

6.06 

16 

5.9 

17 

4.9 
4.8 
4.7 
4.6 

5.6 

18 

4.8 
4.9 
4.8 

5.1 

19 

*"4.'2 

4.0 
3.9 

5.1 

20 

5.0 

«Ice  conditions  prevailed  from  about  January  17  to  March  9, 1907.    Station  temporarily  discontinued 
July  1  to  19, 1907. 

ie254— IRR  241—10 9 
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StntFACE  WATBB  SUPPLY,  IWT-S. 


DoUy  gage  height,  in/eety  of  Merrimac  River  at  Franklin  Junction,  N.  H.,Jor  1907-S-' 

Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au«. 

Sept. 

Oct. 

6.7 
49 
48 
4  7 
47 

46 

It' 

11.6 
&05 

3.80 
3.82 
3.92 

"3.*95" 

402 
405 
400 
408 
400 

'i*98" 
402 
402 
400 

3.98 
8.95 

"i92' 
3.92 

3.95 
8.90 
3.88 
3.92 

3.85 
3.90 
3.96 
405 
412 
405 

Nov. 

Dec 

1907. 
21 

4.8 

5.0 

4.95 

5.05 

5.2 

5.1 
5.2 
&1 
5.2 
6.2 
5.1 

4.88 
4.72 
4.70 
4.70 
4.60 

4.68 
4.60 
5.15 

6.82 
5.58 

5.08 
4.85 
4.72 
4.62 
4.50 

::::::: 

4.7 

4.95 

6.5 

5.5 

6.65 

5.6 
6.8 
6.05 

6.3 
6.6 
6.3 
&1 
ia35 

&15 
9.9 

■8.4  ■ 
9.9 

6.62 
6.38 

"5.78" 

5.88 
6.92 
6.00 
6.12 
6.22 

6.50 

'*6.*78' 
6.48 
6.08 

6.78 
6.78 
6.48 

*  '6.'25' 

6.08 
6.40 

6.7 

6.15 

6.S 

5w6 

6.4 

5.0 
6.4 

6.6 
5.6 
6.4 
6.2 

9.36 
8.65 
9.00 
10.25 
9.85 

&85 
8.30 
a70 
8.65 

8.35 
7.40 
7.50 
7.40 
7.15 

6.90 

"6.45' 
6.20 
6.15 

6.25 
6.30 

45 
4.66 

4.65 

4.86 

6.1 

4.9 

4.6 

6.46 
6.85 
0.15 
6.96 

&78 

&50 

*6.*38' 
6.18 
495 

488 
480 
4  78 

"476 

4  62 
465 
462 
468 
450 

'  *4  so' 
448 
4  42 
438 

4  32 
4  25 

'  '435* 
4  35 

"43** 
43 
48 
486 

44 

485 

"44" 
'*48'" 

432 
422 

420 

412 
420 
430 
428 
422 

420 

"4.12' 
402 
400 

402 
410 
412 

6.15 
5.25 
6.05 
492 
472 

"476' 
4  62 
4  52 
4  52 
4  50 

8.96 
196 
8.86 

41 

415 

41 

40 

8.96 

8.9 

460 

'  '4  48* 
4  50 
452 

6.25 
6.90 

5.65 
5.52 
6.35 
&15 

485 

"452" 
440 
452 
450 

442 
450 

"448* 

440 

448 
4  42 
438 

"436" 

41 

"4'i" 
4  6 
&0 

49 

47 

*7.'9  ' 

tS 

432 

4  25 
418 

410 
412 
406 
415 
400 

408 
4^0 

"i'w 

402 

410 
402 
400 
8.95 

a90 
3.82 
3.80 
3.85 
3.82 

3.78 

"i'96* 
3.82 
3.80 

6.2 

6.1 

M 

&06 

5.05 

6.2 

6.0 

47 

456 

46 

"4  62 
410 
402 
405 

406 
400 

'  4  io 

418 

410 
415 
418 
420 

422 
420 
4  08 
405 
400 

402 

"4  08* 
410 
410 

"'422' 
428 

**4"26" 

50 

22 

475 

23 

495 

24 

6.7 

25 

&8 

26 

575 

27           .... 

52 

28 

&1 

29          

5.1 

30 

6.12 

"e-'io' 

7.6 
12.16 

5.38 
6.10 
5.05 
5.10 
4.92 

4.82 
4.72 

5.0 

31 

&0 

1908.a 
1 

415 

2 

406 

3     . 

406 

4 

402 

5 

3.98 

6 

7 

192 

8    

402 

9 



4.62 
4.58 

4.70 
4.68 
4.60 
4.60 

415 

10 

412 

11 

412 

12 

406 

13 

14 

402 

16 

408 

16 

9.90 
9.25 
6.30 
6.02 
5.68 

5.82 

"6.'68" 
6.60 

5.48 
5.35 
6.08 
4.95 

6.50 
6.52 
6.48 
6.32 
6.10 

6.05 
&85 
6.00 
6.60 
6.85 

6.95 
7.10 
7.35 

8. 66' 

7.22 

400 

17 

3.92 

18 

3.95 

19 

3.98 

20 

21 

410 

22 

4.52 
4.55 
4.60 
4.65 

4.75 
5.28 
5.15 
5.08 
5.25 
5.80 

408 

23 

3.98 

24 

7.05 
&06 

16.2" 
10.5 
12.26 
9.40 

"6.16" 

6.98 
6.00 
5.85 
5.92 

3.92 

25 

26 

3.92 

27 

28 

3.88 

29 

3.85 

30 

31 

a  Ice  conditions  about  January  30  to  February  15  and  December  30  to  31, 1908. 
Rating  table  for  Merrimac  River  at  Franklin  Junction,  N.  H.,for  1906-1908, 


Gage 
height. 


Dis- 
charge. 


Oace 
lelght. 


Feet. 
3.70 
3.80 
3.90 
4  00 
410 
4  20 
4  30 
4  40 
4  50 
4  60 
4  70 


Sec.-ft. 

660 

750 

850 

950 

1.060 

1,170 

1,290 

1,410 

1,540 

1,670 

1,800 


helgl 


Feet. 
4  80 
4  90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.(0 
5.70 
5.80 


Dis- 
charge. 

Oase 
h^i^t. 

Dis- 
charge. 

het^t. 

Dis- 
ohar^B. 

Sec.-ft.   i 

Feet. 

Sec.-ft. 

Feet. 

See.-ft. 

1.940    ! 

5.90 

3,660 

8.00 

7.600 

2,080    ; 

6.00 

3,830 

8.20 

8,000 

2,230 

6.20 

4,180 

8.40 

8,400 

2,380    1 

6.40 

4,540 

8.60 

8,800 

2,530 

6.60 

4,900 

8.80 

9,200 

2.680    ' 

6.80 

5,270 

1    9.00 

9.600 

2,840    ' 

7.00 

5,650 

10.00 

11,700 

3.000    , 

7.20 

6,030 

11.00 

13.800 

3,160    1 

7.40 

6,410 

1  12.00 

15,900 

3.320 

7.60 

6.800 

13.00 

18.000 

3,490 

7.80 

7,200 

;  1400 

20,100 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  di»- 
charge  measurements  made  during  1905-1908,  and  Is  well  defined  between  gage  heights  4  f^  and  16  fl^t. 
Above  gage  height  9  feet  the  rating  curve  Is  a  tangent,  the  difference  being  210  per  tenth.  The  curve  for 
high  stages  has  been  drawn  about  5  to  10  per  cent  greater  than  3  high-water  measurements  of  1906.  all  of 
which  were  made  on  a  rapidly  falling  stage.  It  is  considered  as  closely  reprteentbur  ttiib  flow  fbr  stationary 
stages. 
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Monthly  dim^erge  of  Merrimac  River  at  Franklin  Junction,  N,  H,,/or  1907-8. 
(Dnbiage  area,  1,460  square  miles.] 


Month. 


January 

Febrtuury.. 
March. 

^]:":::: 

Jane 

July 

August 

September. 

October 

November. 
Deeember.. 


1907. 


The  year. 


January 

February.. 
March. 

^::::::: 

Jane 

July 

August 

September. 
October. . . . 
November.. 
December.. 


190S. 


Theyter. 


Discharge  in  second-feet. 


Maximum. 


2,530 


16,200 
12,400 
15,700 
4,810 
3,500 
1.670 
7,400 
17,200 
17,100 
18,100 


18,100 


3,520 

11,500 

7,600 

16,400 

12,200 

4,6S0 

2,600 

5,400 

1,390 

1,080 

1,270 

1,120 


16,400 


Minimum, 


800 
2,680 
2,230 
1,540 
1,170 

800 

800 
1.600 
1,540 

050 


800 


1,640 

3,300 

3,500 

1,230 

050 

1,290 

732 

750 

950 

750 


782 


Mean. 


1,820 
1,350 
2,460 
5,780 
5,410 
2,470 
1,640 
1,130 
1,720 
4,180 
5,440 
3,410 


3.070 


1.980 

2,930 

3,660 

5,880 

6,410 

2,190 

1,460 

2,180 

968 

910 

1,080 

945 


2,560 


Per 
square 
mile. 


1.25 

.925 

1.68 

8.96 

a7i 

1.09 
1.12 
.774 
1.18 
2.86 
3.73 
2.34 


2.10 


1.36 
2.01 
2.51 
4.08 
4.39 
1.50 
1.00 
1.49 
.663 
.623 
.740 
.647 


1.75 


Run-off 

(depth  in 

incnea  on 

drainage 

area). 


1.44 
.96 
1.94 
442 
4.28 
1.89 
1.29 
.89 
1.32 
3.30 
4.16 
2.70 


28.50 


1.57 

2.17 

2.89 

4.50 

5.06 

1.67 

1.15 

1.72 

.74 

.72 

.83 

.75 


23.77 


Accu- 
racy. 


Note.— Discharge  during  the  fh>zen  periods  1907-8  based  on  the  discharge  at  Qarvins  Falls  and  cllmato- 
loglcal  reports. 

Second-feet. 

Dlaohsarge  January  17  to  31, 1907 1,610 

March  1  to  9, 1907 1,070 

January  30  to  31, 1906 2.100 

February  1  to  15, 1908 1,650 

December  30  to  31, 1906 750 

Discfaann  for  missing  days  inteipolated,  except  July  1  to  19.  August  24  and  25,  September  28  and  29,  and 
October  27, 1907,  and  January  16  ^  21,  April  5  and  12,  May  30  and  31, 1908,  which  were  estimated  on  the 
badi  of  the  discharge  at  Plymouth  and  at  Garvins  Fails. 

Second-feet 

Discharge  July  1  to  19, 1907 1,840 

January  16  to  21, 1908. 1,670 

MERRIMAC   RIVER  AT   OARVIXS   FALLS,    N.    H. 

The  power  at  Garvins  Falls,  4  miles  below  Concord,  is  one  of  the 
best  on  Merrimac  River.  There  has  been  a  dam  at  this  point  since 
1815,  first  in  connection  with  the  Old  Bow  Canal,  and  later  to  fur- 
nish power  for  a  pulp  mill.  This  privilege  has  since  become  the 
property  of  the  Manchester  Traction,  Light  and  Power  Company, 
and  has  been  more  completely  developed.  During  1903-4  an  over- 
fall dam  of  the  ogee  type,  somewhat  similar  in  cross  section  to  the 
dam  at  Holyoke,  was  completed.  This  is  550  feet  long  between 
abutments  and  about  800  feet  over  all,  including  headgates,  and  is 
of  stone  masonry,  substantially  built.  A  canal  has  been  completed 
which  is  about  500  feet  long  and  74  feet  wide  at  the  water  line,  and 
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wasteways  are  provided  from  the  sides  of  this,  one  90  feet  long  at 
elevation  102  (the  main  crest  of  the  dam  being  taken  as  elevation 
100)  and  another  45  feet  long  at  elevation  103.  A  waste  gate  10 
feet  wide  and  capable  of  being  lowered  to  elevation  93  is  also  pro- 
vided, for  use  especially  in  floating  out  any  obstructions  which  lodge 
against  the  racks.  The  new  dam  and  headgates  to  the  c^uial  are 
situated  about  800  feet  downstream  from  the  old  dam,  which  was 
destroyed  on  the  completion  of  the  new  structure.  There  are  six 
triplex  turbines  of  somewhat  over  1,000  horsepower  each,  and  one 
small  duplex  turbine  of  75  horsepower  used  in  running  exciters. 
Each  large  unit  has  three  39-inch  runners,  mounted  on  a  horizontal 
shaft,  which  revolves  at  180  revolutions  a  minute.  Two  of  the 
wheels  in  each  set  discharge  through  a  common  T  center  and  draft 
tube  near  the  fore  bay  wall.  The  third  wheel  is  set  opposite  a  quarter 
turn  at  the  downstream  end  of  the  casing  and  discharges  through 
this  quarter  turn  into  a  smaller  draft  tube.  The  top  of  the  pen- 
stock opening  is  at  elevation  95.5,  while  the  lower  ends  of  the  draft 
tubes  are  horizontal  and  are  about  2  feet  below  the  level  of  usual  tail 
water.  The  gates  for  the  runners  are  of  the  plain  cylindrical  pattern 
without  fingers  and  are  controlled  by  governors.  The  average  head 
on  the  wheels  is  about  29  feet  and  there  are  six  650-kilowatt  3-phase 
generators  direct  connected  with  the  turbines.  The  power  developed 
is  transmitted  at  12,000  volts  tension  to  Manchester,  about  14  miles 
away,  where  it  enters  a  substation  and  is  transformed  to  a  lower 
voltage  and  through  a  distributing  switch-board  utilized  for  light 
and  power  purposes.  The  Garvins  Falls  station  is  one  of  a  system  of 
three  water-power  plants  and  one  steam-power  plant  operated  by  this 
company. 

Careful  record  of  the  pond  and  tail-race  levels,  wheel  openings, 
etc.,  have  been  kept  by  the  company  since  the  completion  of  the 
new  dam  in  1904,  and  have  been  furnished  for  computations  of  flow 
by  J.  Brodie  Smith,  manager.  The  computations  for  1907-8  have 
been  made  and  results  furnished  by  Hollis  French  &  Allen  Hub- 
bard, consulting  engineers  for  the  power  company.  A  number  of 
current-meter  measurements  have  been  made  from  time  to  time  by 
the  hydrographers  of  the  Survey  for  the  purpose  of  rating  turbines 
and  to  assist  in  computing  flow  over  the  dam. 

Conditions  are  favorable  at  this  station  for  accurate  records  of 
discharge.  The  flow  over  the  dam  is  affected  somewhat  by  ice 
during  the  winter. 

The  maximum  daily  discharge  during  the  maintenance  of  the 
station  occurred  March  31,  1905,  and  was  about  33,970  second-feet. 
Discharge  for  the  minimum  week  occurred  October  22  to  28,  1908, 
and  averaged  about  1,019  second-feet. 
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Datlp  disekarge^  in  second-feetf  of  Merrimac  River  at  GorvinB  Falls,  N.  H,,  for  1907-S* 


Dmy. 


1907. 


1908. 


Jao.      Feb.     Mar.     Apr.     Mmy.    Juae.    July.     Aug.     Sept.     Oct.     Nov.     Deo* 


2,913 
4,454 
4,887 
4,657 
4,325 

0  4,725 
4,570 
4,057 
3,964 
.•<,381 

4,238 
3,079 
0  2,661 
2,563 
2,486 

2,.305 
3,150 
2,249 
2,329 
a  2,224 

2,461 
2,744 
2,843 
2,507 
2,603 

2,664 
o2,702 
2,208 
2,109 
2,169 
2,261 


2,239 
2,433 
a2,  ^ 
2,207 
2,289 

2,167 
2,190 
2,260 
2,472 
a2,580 

2,383 
1,941 
1,685 
2,106 
2,343 

2,334 
a2,397 
2,173 
1,792 
1,872 

01,690 
1,509 
2,082 

a  2, 291 
1,589 

1,551 
1,588 
1,457 


6,860 
6,051 
5,100 
3,642; 
0  2,936 

2,567 
3,475 
4,144 
5,055 
5,100 

4,303 
a3,938 
4,967 
6,272 
5,672 

4,786 
3,789 
3,946 
«3,477 
3,108 

3,033 
2,993 
2,937 
2,995 
2,601 

a2,566 
2,979 
3,467 
4,008 
3,133 
2,822 


2,465 
a  2, 478 
2,321 
2,401 
2,312 

2,420 
3,079 
3,013 
a  2,951 
2,165 

2,249 
2,299 
2,306 
2,403 
3,062 

a8,554 
16,926 
11, .346 
7,795 
5,610 

4,674 
4,292 
o3,996 
3,448 
3,206 


1,505 
1,712 
a2,068 
1,685 
1,672 

1,502 
1,502 
1,588 
1,409 
01,858 

1,650 
1,460 
1,653 
1,647 
2,378 

3,914 
>3,392 
3,935 
6,086 
4,939 

4,056 
3,646 
3,735 
s6,065 
7,276 

7,406 
6,747 
6,896 
8,465 
14,427 
«20,412 


a  2,856 
2,886 
2,847 
2,857 
2,840 

2,746 
2,714 
a2,688 
2,665 
2,350 


2,495 
2^605010 
2,739 
3,277 
14,373 


7,348 
10,470 
9,337 
7,249 
6,762 

4,899 

14,615 

4,859 

7,202 

12,546 


20,213 
14,376 
10,933 
9,163 
8,581 

9,853 
a 9, 148 
7,777 
7,008 
6,346 

5,806 
6,946 
6,413 
o6,699 
6,855 

7,242 
7,057 
7,047 
6,442 
6,249 

a5,465 
6,107 
4,893 
6,671 
16,069 

12,535 
12,641 
ol4,637 
12,917 
12,128 


13,010 
10,858 

7,483 
o 6,277 


6,905 
6,884 
8,508 
8,808 
8,397 

8,697 
,391 
9,466 
7,934 
6,995 


14,611 
16,625 
11,020 
8,807 
« 8,244 

7,926 
7,358 
7,352 
6,862 
6,811 

6,641 
a6,058 
6,372 
4,723 
6,866 

6,787 
7,458 
11,586 
a8,438 
7,429 

6,113 
5,377 
4,849 
4,200 
4,072 

a3,450 
3,511 
3,978 
4,683 
4,154 
3,868 


12,087 
17, 
469'al3,593 
16,968 
14,451 


12,092 
10,107 
10,642 
14,691 
113,802 

13,636 
11,181 
10,315 


3,393 
«3,076, 
3,288 
4,654 
6,248 

5,910 
7,972 
6,991 
a6,463 
4,586 

4,295 
4,165 
3,704 
3,234 
3,257 

a  2,368 
2,726 
2,636 
2,424 
2,416 

2,360 
2,545 
a  2,318 
1,918 
2,208 

1,992 
2,116 
2,668 
2,717 
a2,463 


9,341 
7,699 
6,747 
4,923 
4,294 

4,014 
a3,628 
3,437 
3,067 
2,880 

2,867 
2,723 
2,509 


11,383;  o  2, 178 
10,620!    2,076 


7,011  9,977 
8,746  a  8, 769 
7,192]  7,772 
a6,810     7,266 


8,346 


6,691 


2,170 
2,725 
2,921 
2,602 
2,361 


3,156  11,961 
3,033  11,865 
3,157|  14,117 
2,992  al4, 992 


7,866  6,212  a 2,049 
6,741  5,958'  1,762 
5,926*  6,553  1,815 
6,672  17,389  1,947 
8,994     6,293;    1,818 


ti9,806 
14,290 
13,430 
18,426 


17,3341  17,413 


6,329  1,850 
4,849  1,605 
4,580  0  1,657 
4,2921  1,457 
3,869     1,795 


16,330 o4,738. 


3,633 
4,616 
3,742 
3,119 
2,406 

2,423 
a  2,288 
2,386 
2,219 
1,787 

1,937 
2,184 
2,500 
12,853 
2,384 


1,038 
1,966 
1,945 
11,965 
1,989 

2,156 
1,922 
1,955 
1,762 
1,712 

11,334 
1,227 
1,196 
1,516 
1,621 


1 1,233 


1,356 
1,306 


11,280 
7,738 
6,338 
4,638 
6,006 


1,629  15,796 
2,703     4,479 


11,966 
1,729 
1,887 

1,661 
1,646 
3,207 
2,657 
12,027 


2,129  1,632 
l,905l  1,566 
1,918  11,048 
1,964  1,588, 
1,865     1,339 


4,158 
5,1.36 
7,997 

5,950 
4,897 
16,795 
4,999 
4,282 


11,640 
8,589 
19,090 
23,981 
16,222 

11,646 
16,943 
25,513 
20,504 
114,466 

10,816 
9,151 
7,669 
6,647 
6,887 


11,625 
1,767 
1,816 
1,902 
1 

1,992 
1,883 
12,078 
2,033 
1,913 
1,795 


1,825 
1,803 
1,586 
1,398 
11,287 

1,616 
1,677 
1,767 
1,504 
1,354 

1 

11,176 
1,358 
1,429 
1,413 

1,211 
1,306 
1,155 
11,508 
2,356' 


1,611 
1,943 

1,806  3,264 
1,771  2,914 
1,632  12,666 


1,075  1,482 
1,317  11,081 
1,326,  1,633 
1,297  2,093 
1801     3,105 


1,048 
1,068 
1,204 
1,202 
1,247 
1,233 


1,652 
11,415 
1,807 
1.456 
1,674 

2,597 
6,132 
4,479 
13,646 
2,827 

2,655 
2,650 
3,169 
2,783 
2,393 

il, 

2,094 
1,968 
3,093 
2,778 


4,402  2,369 
3,107  2,046 
3,003  11,758 
2,684  1,805 
2,195     1,763 

12,002  1,828 
2,065  1,823 
2,050  1,623 
1,883  1,492 
1.808  11, 232| 
1,808     1,520| 


3,876     6,339 
3,439  14,708 

3,699 

4,290 
4,257 


2,860 
2,609 
?,LXi 
2,507 
2,424 


3,942     2,316 
2,949' 12,184 


2,525 

12,707 

9,525 


2,326 
8,672 
21,014 
16,461 


4,128 
4,905 
4,352 
14,209 
4,203 

4,170 
4,246 
4,094 
3,860 
3,662 


1,4451 

1,536 

1,500 

1,458  0  1,232 

1,335     1,654 


1,203 
1,444 
1,042 


1971 
1,315 
1,457 
1,441 
1,437 

1,445 
1,255 
1919 
1,361 
1,163 

1,204 
1,220 
1,203 

1,028 


1,238 
1,234 
1,128 
1,070 
1,189 

1,147 
1679 
1,231 
1,185 
1,240 


1,219 
1,343 
1,154 
1,337 
1,122 

1676 
1,123 
1,292 
1,226 
1,176 

1,216 
1,223 
1942 
1,168 
1,193 

1,380 
987 
1,000 
1,104 
1916 

1,107 
996 
1,020 
1,016 
1,446 
1,34- 


1 1,007 
1,.369 
1,099 
1,321 
1,132 

1,228 
1,265 
,  1876 
1,228 
1,1 

1,176 
1,313 
1,280 
1,443 


1,583 
1,372 
1,135 
1,354 
1,246 

1,194 
1675 
1,190 
1,205 
1,116 

855, 

1,660| 

1,684 

il,729| 

2,168 


o3,34T 
3,462 
3,134 
3,984 
2,717 

2,264 
3,193 
12,819 
2,926 
2,883 

10,892 
20,748 
12,426 
7,666 
14,949 

6,871 
5,960 
6,226 
4,901 
3,969 

4,441 
13,426 
3,592 
5,615 
7,656 

8,928 
7,305 
6,203 
15.940 
6,115 
6,365 


1,684 
1,600 
1,379 
1,452 
1,199 

1781 
1,085 
1,315 
1,356 
1,402 

1,580 
1,315 
1990 
1,275 
1,553 

1,453 
1,321 
1,440 
979 
1737 

1,501 
1,366 
1,072 
1,286 
682 

1,042 
1743 
1,163 
1,3.33 
1,288 
1,247 


a  Sundays. 


b  Interpolated. 
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Monthly  diicharge  of  Merrimac  River  at  Garviru  Falli,  N.  H.^/or  2907-S. 
[Drainage  area,  2;<40  square  miles.] 


January 

February . . 

March 

April 

June 

July 

AURUSt 

Soptemher. 

Octot»er 

Novemlwr. 
Deoeinber.. 


Month. 


1907. 


The  year. 


January  — 
February . . 

Maifh 

April 

May 

June 

July 

August 

iSeptomber. 

Octol>i»r 

November. 
Deoemlwr.. 


1908. 


The  year. 


Discharge  in  «eoond-feet. 

Ran<C 

Per 

(depth  in 
inches  OB 

Maximum. 

Minimum. 

¥ean. 

square 
mile. 

draina^ 
area). 

4,890 

2,110 

3,110 

1.33 

1.53 

2,580 

1,«60 

2,070 

.885 

.92 

»,400 

1,410 

4,370 

1.87 

2.16 

20,200 

4.800 

9,070 

3.88 

4.33 

16,600 

3,460 

6,890 

2.94 

3.39 

7,970 

1,920 

3,600 

1.50 

l.«7 

4,520 

1,620 

2,290 

.979 

1.13 

2,160 

891 

1,490 

.637 

.73 

9,520 

666 

2.210 

.944 

l.f& 

21,000 

2,180 

5.470 

2.34 

2.70 

25.500 

3,660 

8,760 

3.74 

4.17 

20,700 

2,260 

5,770 

2.47 

2.85 

25,500 

666 

4,580 

1.96 

26.63 

6,860 

2,570 

3,960 

1.69 

1.95 

16,900 

2.160 

4,150 

1.77 

1.91 

17,300 

2,350 

6,580 

2.81 

3.24 

>          18,400 

5,900 

9,220 

3.94 

4.4D 

17,300 

3,870 

9,430 

4.  OR 

4.65 

9,340 

1,460 

3,090 

1.32 

1.47 

'            4,400 

1,160 

1,840 

.786 

.91 

^           6,130 

1,230 

2,330 

.996 

1.15 

1,540 

589 

1,220 

.521 

.58 

1,650 

076 

1.170 

.500 

.S 

2,170 

675 

1,300 

.566 

.62 

1,690 

682 

1.250 

.534 

.62 

18,400 

580 

3.800 

1.62 

22.06 

Note.  —  The  above  mean  monthly  dischani:es  for  1907-8  are  rated  as  B. 

MERRIMAC   RIVER  AT   LAWRENCE,  MASS. 

Records  of  flow  of  the  Merrimac  at  Lawrence  have  been  kept  for 
more  than  fifty  years,  but  have  been  published  only  since  1890, 
Data  in  regard  to  the  flow  are  furnished  by  R.  A.  Hale,  principal 
assistant  engineer  of  the  Essex  Water  Power  Company. 

The  station  is  located  at  the  dam  of  the  Essex  Company  in  I^w- 
rence,  and  a  careful  record  is  kept  of  the  flow  over  the  dam  and 
through  the  various  wheels  and  gates  in  connection  with  the  sale  of 
power  to  the  various  users.  The  nearest  dam  on  the  river  upstream 
is  at  Lowell,  about  12  miles  away,  while  a  short  distance  below  the 
Lawrence  dam  the  river  is  within  reach  of  tidal  effect  at  high  tide. 

Water  is  diverted  from  the  drainage  basins  of  Sudbury  and  Nashua 
rivers  for  use  by  the  metropolitan  district  in  the  vicinity  of  Boston, 
but  during  a  portion  of  the  year  water  is  wasted  into  the  Merrimac  at 
these  diversion  dams,  consequently  the  drainage  area  is  a  somewhat 
variable  quantity. 
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The  drainage  areas  are  as  follows: 

Square  miles. 

Total  of  Merrimac  River  drainage  basin  above  lAwrence 4, 664 

Nashua  River  drainage  basin  above  gaging  station  at  Clinton,  Mass 118 

Sudbury  River  drainage  basin,  Framingham,  Dam  No.  1 75 

Cochituate  River  drainage  basin 19 

Total  of  Nashua,  Sudbury,  and  Cochituate  river  drainage  basins 212 

Net  drainage  basin  of  Merrimac  River,  excluding  Nashua,  Sudbury,  and  Co- 
chituate river  basins 4, 452 

The  quantity  as  measured  at  Lawrence  includes  the  water  from 
Sudbury,  Nashua,  and  Cochituate  rivers,  and  in  getting  the  absolute 
yield  of  the  river  this  should  be  considered  in  reference  to  the  drainage 
areas,  either  by  deducting  it  from  the  Merrimac  flow  and  using  the  net 
area  and  the  net  flow  of  the  Merrimac,  or  by  getting  the  total  yield 
of  both  the  Sudbury  and  Nashua  Rivers  with  the  Merrimac  and  using 
the  total  area. 

The  accompanying  tables,  furnished  by  Mr.  Hale,  give  the  flow  of 
the  Merrimac  and  Lawrence,  and  also  the  quantity  wasted  from  the 
Sudbury  and  Nashua  drainage  basins  into  the  Merrimac,  the  latter 
being  based  on  data  furnished  by  the  Metropolitan  Water  and  Sewer- 
age Board  of  Boston. 

Much  care  is  taken  in  procuring  the  base  data  used  and  in  making 
computations,  and  these  records  are  r^arded  as  excellent. 

The  maximum  daily  discharge  during  the  maintenance  of  the 
station  occurred  in  March,  1896,  and  was  about  82,150  second-feet, 
this  being  the  greatest  flood  since  that  of  1846.  The  discharge  for 
the  minimum  week  occurred  September  21  to  27,  1908,  and  averaged 
1 ,240  second-feet. 
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A*r.«^  25 

f«:;-v^=::. -^T  * 

A  *^^%  it 

»^'Arr/'*r  22 
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j.«r5,  

f  »r'.riAr>  3 

fyptirUiiier  2S» 

<y:*Jt*0f^y) 

Jar/Jir>'  ^ 

Jwi'iwy  27 

D«*^*rr.W8 

J'jr¥t2 

yint-A^ 

<>f.v,*>fT  L3 

M*>-2*, 

N'>v«-rT.^>^24 

\>»>'ru*>t:r  1 

*^>'V;'^r6 

lytf-M-ju  'iHT  22 

Jan'iar)'  0 

Jf'iri^  '*  

Jj»rrjar>'  U 

M^y  12 

Mav  I'* 

April  14 

J^Jr^^24 

April  21 

Ixr^-<'rfifj*;r2'* 

AjiTil'JH 

S'iv*'jn\itir  17 

N'A*rf/i'»*-r3 

)>*fi'ii\i>*'r  \h 

Muy /i 

M:m».  :u 

Af.ril7 

S'fVt'm^ifT  10 

We<*klyavera':«.. 


1  'J» 

:  -tiM 

2  -C 

2.:-i 
2.r-: 

3.4S4 

2.-^ 

2.SM 

2.:'>i 

2.714 


21 
/27 

11 


4  .w 
3  >: 
3.r.; 

3.4a^ 
2,¥A 

z.'^n 

3,5ry» 
3,*>*2 

3//72 
4.12& 
4.240 
4.3*) 

5/fi2 

€,'« 
6.7M 
7,480 
7,'/X5 
8,377 
H,71.5 
8,74r, 
8,7*,7 
8/i:n 
9,152 
9,253 
9,271 
10,'^  ' 
11/K^ 
11,336 
11,K38 
12,394 
12,.>39 
12,»V44  , 
12,757 

u,(m 

10.475: 
17,397 
22,978  ' 


6 
6 
6 
6 

6 
6 
7 
6, 

7  , 
7  . 
7  , 
ft  I 
6  I 
5 
8 


3 

3 

3 

3 

3 

3 

3 

55 

3 

C2 

3 

36 

86 

3 

2 

1^ 

2 

73 

2 

6 

73 

2 

3 

3 

79 

»7 

86 


2 

36 

70 

137 

2 

88 
195 
»4 

118  I 

161 
172 
119 
145 

86 

97 

4 

127 

65 
113 

92 

77 


t 
t 
t 
0 
0 
t 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 

•  • 

0 

l 

IT  ! 
4. 
0 

17 : 

0 

0  • 

0 

0 

0 
37 

0 
31 
21 

0 

0 

ao 

0 

ao 
0 
0 
0 
ao 
0 
0 
0 


s 

1,349 

tt.2n 

7 

l,«7 

.377 

4 

2,«S 

.c: 

4 

J,M» 

.€3 

8 

2,3U 

.5B 

* 

2,4c 

.sm 

8 

3,5m 

.3B 

•0 

3,e4 

.m 

8 

2,«S 

.tm 

•7 

3,647 

.SK 

8 

3,713 

t           -*" 

m 

3,865 

'            .MS 

93 

2.947 

.esz 

10 

3,091 

.€M 

4 

3,152 

.im 

110 

3,071 

.00 

8 

J,atJ7 

.731 

80 

3,378 

.739 

8 

3,400 

•        TTt 

U 

3,507 

.788 

78 

3,4B0 

.7M 

8 

3,834 

.8U 

4 

3,965 

.m 

8 

4,121 

.9K 

8& 

4,1» 

.« 

«2 

4,288 

.961 

93 

S,397 

L212 

71 

5,861 

L316 

40 

6,014 

L3a 

9 

6,755 

La7 

S» 

7,421 

Lo: 

77 

7,S26 

L690 

144 

8,233 

1.8« 

8 

8,707 

L9» 

9S 

8,651 

L90 

aQ2 

8,565 

L924 

138 

8,793 

L975 

124 

9,028 

2.008 

64 

9,189 

2.064 

75 

9,196 

2.086 

167 

10,770 

%m 

178 

10,915 

2.452 

145 

11,191 

X514 

152 

11,686 

1625 

112 

12,282 

179 

104 

12,435 

2. 798 

11 

12,633 

2.838 

134 

12,62S 

X83S 

91 

13,945 

3.132 

119 

16,356 

1674 

97 

17,300 

1886 

85 

22,803 

1142 

67 : 


«,760  1 


1.5» 


Digitized  by  VjOOQ IC 


MEBBIMAC  BIVEB  DRAIKAGE  fiASIK. 


187 


Avange  weekly  flow,  arranged  in  order  of  dryness,  of  Merrimae  River  at  Lamence,  Mass., 

for  i907-^— Continued. 


Week  ending  Sun- 
day— 


1908. 

September  27 

Novemberl 

December  27 

October  11 

Octobers 

November  28 

October  25 

October  18 

November  15 

November  22 

November8 

July  19 

September  20 

September  13 

December  13 

DecemberO 

September  6 

December  20 

Julys 

Jane  28 

July  12 

August  30 

August2 

August  23 

June  21 

July  26 

August  16 

June  14 

Angnst9 

February9 

February2 

January  26 

March  8 

February  16 

Maichl 

May  31 

March  15 

June? 

May  24 

January  12 

April  26 

April  19 

January  19 

Januarys 

April  12 

February  23 

May  17 

Marefa22 

May  10 

May3 

March  29 

Aprils 

Weekly  average. 


Merrlmao 
Riveg-  at 

Lawrence 
^(total 
drainage 

area- 4,664 
square 
imies). 


Wasting  into  Merrimao  from— 


Nashua 
River  at 

Clinton 
(drainage 
area-US 

square 

miles). 


Sudbury 
River  at 
Daml 
(drainage 
area— 76 
square 
miles). 


LakeCo- 
chituate, 
Bannister 

Brook 

(drainage 

area— 19 

square 

miles). 


Total 

waste 

of  these 

watersheds 

(total 

drainaee 

area— 212 

square 

miles). 


Mean  weekly  discharge  in  second-feet. 


1,240 

li365 

1,418 

1,463 

1,464 

1,476 

1,480 

1,497 

1,614 

1,618 

1,699 

1,732 

1,769 

1,822 

1,963 

1,979 

2,049 

2,057 

2,151 

2,220 

2,256 

2,407 

2,427 

2,704 

2,778 

2,834 

3,586 

3,906 

3.982 

4,307 

5,950 

6,030 

6,050 

6,306 

6,519 

6,583 

7,515 

8,171 

8,735 

9,671 

9,861 

10,640 

11,115 

11,322 

11,537 

13,394 

13,785 

13,880 

15,354 

15,549 

16,740 

16,933 

5,691  j 


5 
6 
4 
5 
5 
4 
5 
5 
5 
5 
6 
4 
5 
4 
5 
5 
1 
5 
6 
6 
5 
1 
5 
5 
5 
4 
6 
4 
5 
5 
5 
5 
4 
4 
4 
129 
3 
45 
19 
4 
4 
4 
5 
5 
4 
4 
9 
3 
3 
4 
66 
125 


2 

2 

7 

2 

2 

S 

2 

2 

14 

4 

18 

2 

2 

4 

20 

3 

5 

14 

2 

2 

2 

8 

2 

8 

2 

2 

25 

11 

3 

102 

114 

03 

123 

128 

106 

92 

176 

91 

67 

138 

72 

107 

153 

117 

172 

153 

89 

224 

80 

25 

209 

230 


7 

8 

11 

7 

7 

9 

7 

7 

19 

9 

23 

6 

7 

8 

25 

8 

6 

19 

8 

8 

7 

9 

7 

13 

7 

6 

31 

16 

8 

109 

157 

119 

176 

143 

155 

252 

228 

160 

100 

167 

96 

138 

209 

143 

209 

192 

116 


327 
404 


84 


Net  yield  of  Mer- 
rimae River  from 
4,452  square  miles 
(mean  discharge  in 
second-leet). 


Per 
week. 


1,233 

1,357 

1,407 

1,456 

1,457 

1,466 

1,473 

1,490 

1,595 

1,609 

1,676 

1,726 

1,762 

1,814 

1,938 

1,971 

2,043 

2,038 

2,143 

2,212 

2,249 

2,398 

2,420 

2,691 

2,771 

2,828 

3,555 

3,890 

3,974 

4,198 

5,802 

5,911 

5,883 

6,163 

6,364 

6,331 

7,287 

8,011 

8,635 

9,504 

9,765 

10,602 

10,906 

11,179 

11,328 

13,202 

13,669 

13,594 

15,237 

15,520 

15,413 

16,529 

5,607 


Per 
square 
mile. 


0.217 

.305 

.316 

.327 

.327 

.329 

.331 

.335 

.358 

.361 

.376 

.388 

.396 

.407 

.435 

.443 

.459 

.458 

.481 

.497 

.505 

.539 

.544 

.604 

.622 

.635 

.799 

.874 

.893 

.943 

1.303 

1.328 

1.321 

1.384 

1.430 

1.422 

1.637 

1.799 

1.940 

2.135 

2.193 

2.359 

2.450 

2.611 

2.544 

2.965 

3.070 

3.053 

3.422 

3.486 

3.462 

3.713 

1.259 
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Daily  dMiarge^  in  iecond-feei,  of  Menimac  River  at  Lawrence^  Uati.Jor  lW!-4. 


a  Sunday. 
Note.— Maximum  aod  minimum  appear  in  italics. 
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Monthly  diadiqrge  qf  Uetrimae  River  at  Lawrence^  Mass,,  for  1907-8, 


Meandis- 
diargeof 
Men&nac 
River  at 
Lawrence, 
as  meas- 
ured. 
(Total 
drainage 
area-4664 
square 
ndles.) 

Amount  wasting  into  Merrimac  River 
from  watershed. 

Uooth. 

Nashua 
Rlv^at 
Clinton. 

Sudbury 
River  at 
Daml. 

Lake 
Cochit- 

uate. 

Bannister 

Brook. 

Total. 

Average  yield  of  Merri- 
mac     River     from 
watershed    of  4,452 
square  miles. 

Run-off 
depth  hi 
Inches  on 

drainage 

USaq.  m. 

76  sq.  m. 

19  sq.m. 

212  8q.m. 

area. 

Second-feet. 

Second-feet 

1907. 
January 

£*™nr 

■^•Ton. ........ 

6,400 
a;  064 
7,799 

13,141 
9,134 
5,361 
3,341 
1,927 
2,966 
6,388 

13,066 
9,812 

6 
6 
6 
6 
6 

J 

6 
6 

f 

7 

HI 

79 

100 

112 

43 

37 

2 

2 

2 

2 

0 
0 
0 
11 
21 
11 
0 
0 
0 
0 
0 
0 

117 

86 

106 

129 

70 

55 

8 

7 

8 

8 

94 

120 

6,283 
2,060 
7,693 

13,012 
9,064 
5,296 
3,333 
1,920 
2,957 
6,380 

12,972 
9,602 

1.411 

.667 

L728 

2.923 

2.034 

L190 

.749 

.431 

.664 

L433 

2.914 

2.177 

1.63 
.69 
1.99 

April 

3.26 

May!:.:.:.::::: 

2  34 

Jpne 

1.33 

July 

.86 

August 

September 

October 

November 

December 

.60 

.74 

1.65 

8.25 

2.51 

The  year. 

6,864 

6.2 

^ 

3.6 

67 

6,797 

1.527 

20.75 

1906. 

January 

February 

UAn*h     , 

8,824 
7,487 
11,400 
11,967 
11.675 
4,193 
2,329 
2,986 

iiH 

1,886 

6 

4 
35 
14 

!5 

5 

4 

t 

5 
5 

121 
124 
18$ 

'Jf 

26 
2 
10 

10 
11 

22 
6 
0 
0 
0 
0 
0 
0 

150 

152 

275 

159 

135 

45 

7 

14 

7 

7 

15 

16 

8,665 
7,335 
11,125 
11,808 
11,440 
4,148 
2,322 
2,972 
1,686 
1,467 
1,575 
1,870 

1.946 

1.648 

2.499 

2.652 

2.570 

.932 

.522 

.668 

.379 

.330 

.354 

.420 

2.24 
L78 
2.88 

April 

2.96 

fiSy.::::::::::: 

2.96 

June. ., 

1.04 

July 

.60 

August 

September 

October 

November 

December 

.77 
.42 
.38 
.40 
.48 

The  year. 

6,617 

11 

58 

14 

83 

5,534 

1.243 

16.91 

CJONTOOCOOIl  BIVEB   AT  WEST  HOPKINTON,    N.    H. 

This  station,  which  is  located  at  the  wooden  highway  bridge  at 
West  Hopkinton,  N.  H.,  was  estabUshed  July  9,  1903,  to  obtain  gen- 
eral statistical  data  regarding  flow,  and  discontinued  May  1,  1907. 

It  is  about  6  miles  above  the  entrance  of  Warner  River.  During 
the  winter  months  the  discharge  is  so  affected  by  ice  that  the  station 
is  discontinued.  Conditions  for  obtaining  accurate  discharge  data 
during  the  rest  of  the  year  are  fairly  good  and  a  good  rating  curve 
has  been  determined. 

The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station. 
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Daily  gage  height,  in  feet,  of  CorUoocook  River  at  West  HopHnUm,  ^.  B.,  for  19(ff, 

[Frmnk  H.  Carr,  observer.] 

Day. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 


Jan. 

Apr. 

4.35 

5.0 

4.0 

5.4 

4.65 

5.0 

5.0 

4.8 

6.35 

4.7 

5.7 

4.75 

5.1 

4.45 

4.8 

4.2     1 

4.65 

4.1     ! 

4.75 

4.0 

1 

Day. 

Jan. 

Apr. 

u...          

4.6 
4.45 
4.05 
5.3 
5.5 

4.06 

12 

4.15 

13.. 

4.25 

14 

4.3 

15 

4.55 

16 

4.7 

17 

4.6 

Ig 

4.45 

Ifl 

4.25 

20 

4.15 

Day. 

1^-^ 

21  .. 

i 

22 

23 

21 

25 ' 

26 

27 

28 

29         .        

M                  

NoTK.~Ioe  conditions  prevailed  January  to  March. 
Rating  table  for  Contoocook  River  at  West  HopkirUon,  N.  11.,  for  1905-7. 


beJ^t. 

DIs- 
charge. 

hd^t. 
Feet. 

DIs- 
Charge. 

h^ETt. 

Dla- 
diarge. 

Ihfi^t. 
Feet. 

Di»>    ; 

charge. 

Feet. 

aee.-ft.   1 

^^ 

i    FtH. 

2,»o' 

Sec.-fl. 

2.40 

185 

3.70 

5.00 

6.60 

4.604 

2.50 

209 

3.80 

967 

5.10 

2,420 

6.80 

5,022 

2.60 

237 

3.90 

1»066 

5.20 

2,560 

7.00 

5,350 

2.70 

270 

4.00 

1,150 

5.30 

2,685 

7.20 

5,678 

2.80 

306 

4.10 

1,250 

5.40 

2,820 

7.40 

6,UU6 

2.90 

352    1 

4.20 

1,355 

5.50 

2,960 

7.60 

6,334 

3.00 

402    \ 

4.30 

1,465 

5.60 

3,100 

7.80 

6,662 

3.10 

457 

4.40 

1,575 

5.70 

3,245 

8.00 

6.990 

3.20 

517 

1    4.50 

1,090 

5.80 

3,305 

a20 

7,318 

3.30 

582 

4.60 

1,806 

5.90 

3,550 

&40 

7.646 

3.40 

651 

4.70 

1,925 

6.00 

3,710 

aeo 

7.974    1 

3.60 

724 

4.80 

2,045 

6.20 

4,038 

aso 

8,302    ! 

3.60 

801 

4.90 

2,165 

6.40 

4,366 

0.00 

8,630 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.    It  is  based  on  12  di9> 
charge  mettiiir«m«'nts  made  during  1905-6  and  Is  well  defined  between  gage  hdgfats  2.4  feet  and  9  feet. 

Monthly  discharge  of  CorUoocook  River  at  West  Hopkinton,  N.  H.,for  1907. 
[Drainage  area,  410  square  miles.] 


Note.— Discharge  during  January  to  March  based  on  the  runoff  per  square  mile  of  the  drainage  area 
below  Franklin  Junction  and  above  (farvins  Falls  as  determined  from  the  stibtractlon  of  the  former  from 
the  latter. 

SOUTH   BRANCH   OP  NASHUA   RIVER   AT  CLINTON,   MASS. 

Since  July,  1896,  the  flow  of  South  Branch  of  Nashua  River  has 
been  measured  at  Clinton  by  the  engineers  of  the  Metropolitan  Wa- 
ter and  Sewerage  Board.  The  results  of  these  measurements  have 
been  furnished  by  Dexter  Brackett,  chief  engineer.  A  large  reser- 
voir, storing  about  8.5  billion  cubic  feet  has  been  constructed  at 
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Clinton,  Mass.,  and  water  stored  since  1903.  Beginning  with  1897 
the  flow  has  been  corrected  for  gain  and  loss  of  storage  in  reservoirs 
and  mill  ponds  on  the  watershed,  so  that  the  results  show  the  natural 
flow  of  the  stream.  The  accompanying  tables  give  data  upon  dis- 
charge and  precipitation  for  1907-8,  also  the  average  for  the  years 
1897-1908,  inclusive,  precipitation  being  based  upon  records  at  sev- 
eral stations  in  the  Nashua  drainage  basin. 

Yield  and  rainfall  in  South  Branch  of  Nashua  River  basin  at  Clinton^  Mass.y  far 

1907-S. 

[Drainage  area,  118.19  square  miles.*! 


Month. 


Total  yield 

in  million 

gallons. 


1907. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1908. 

January 

February 

March 

ADril 

May 

June 

July 

August 

September 

October 

November , 

December 

The  year 

1897-1908. 

January , 

February , 

March 

April 

May 

June 

July 

August , 

September 

October 

November 

December , 

The  period..., 


5,380.4 
2.305.1 
6,261.8 
5,125.7 
3.561.7 
2,760.1 
1,235.2 
321.4 
2,892.6 
5,098.1 
9,066.8 
7,235.8 


51,244.7 


6,368.8 

5,948.5 

8,030.7 

4,499.8 

5,183.4 

1,429.3 

807.2 

1,622.8 

310.6 

579.9 

444.3 

1,419.2 


36.644.5 


55, 
55, 
126, 
97, 
55, 
36, 
21. 
21, 
18, 
27. 
38. 
62. 


147.6 
035.0 
261.9 
834.2 
232.4 
896.1 
701.1 
138.4 
793.3 
110.1 
347.5 
338.2 


Average  yield  per 
square  mile. 


MUHon 
gallons 
per  day. 


1.458 
0.602 
1.607 
1.436 
0.065 
0.773 
0.335 
0.087 
0.810 
1.382 
2.540 
1.061 


1.180 


1.738 
1.736 
2,102 
1,260 
1.415 
0.403 
0.220 
0.443 
0.088 
0.158 
0.125 
0.387 


0.847 


1.254 
1.378 
2.872 
2.200 
1.256 
0.867 
0.494 
0.481 
0.442 
0.617 
0.901 
1.418 


61.5,835.8  , 


1.189 


Beoond- 
feet. 


2.267 
1.070 
2.626 
2.221 
1.494 
1.196 
0.518 
0.135 
1.254 
2.138 
3.930 
3.035 


1.825 


2.680 
2.685 
3.301 
1.064 
2.188 
0.624 
0.341 
0.685 
0.136 
0.245 
0.194 
0.509 


.311 


1.940 
2.131 
4.443 
3.557 
1.944 
1.342 
0.764 
0.744 
0.683 
0.954 
1.394 
2.194 


1.840 


RainfaUin 
inches.^ 


2.84 
2.32 
1.82 
2.65 
2.96 
3.54 
3.03 
1.26 
9.50 
5.68 
6.74 
4.40 


45.74 


3.308 
4.823 
2.770 
2.623 
6.338 
1.200 
3.853 
6.403 
1.010 
2.123 
1.050 
3.033 


37.834 


3.665 
3.725 
4.400 
3.016 
3.600 
4.235 
4.440 
4.311 
4.025 
3.634 
3.475 
4.541 


48.065 


Rainfall 
collected 
In  inches.^ 


2.601 
1.115 
3.028 
2.470 
1.722 
1.334 
0.507 
0.155 
1.300 
2.465 
4.384 
3.400 


24.778 


3.101 
2.896 
3.010 
2.101 
2.524 
0.606 
0.303 
0.790 
0.151 
0.282 
0.216 
0.691 


17.841 


2.237 
2.233 
5.123 
3.969 
2.241 
1.407 
0.880 
0.858 
0.762 
1.100 
1.566 


24.085 


Percent 
collected. 


01.6 
48.0 
166.3 
03.5 
58.2 
37.7 
10.7 
12.4 
14.7 
43.4 
76.4 
79.6 


54.2 


01.3 
60.1 
141.2 
83.5 
47.3 
53.0 
10.2 
12.2 
14.6 
13.3 
20.6 
22.8 


47.2 


61.2 
50.0 
113.0 
101.4 
62.1 
35.3 
10.8 
10.0 
18.0 
30.3 
44.8 
55.7 


52.0 


A  Area  of  watershed  from  1897  to  1907b  1 10  square  miles.    Area  of  watershed  for  1008— 118.10  squase  miles. 
»  Total  for  month  for  1007-8;  average  of  totals  per  calendar  month  1807  to  1008. 
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8UDBUBY   RIYER   AT   FRAMINGHAM    AND   LAKE    OOCHrXUATE  AT 
OOCHrrUATE,    MASS. 

Sudbury  River,  a  small  stream  of  eastern  Massachusetts,  receives 
water  from  an  area  west  of  Framingham.  It  flows  thence  in  a 
northerly  course  through  meadows  uid  swamps  and  joins  Ass&bet 
River  to  form  Concord  River,  which  in  turn  continues  northward, 
entering  Merrimac  River  inmiediately  below  the  city  of  Lowell. 
Storage  reservoirs  have  been  constructed  by  the  city  of  Boston  and 
the  Metropohtan  Water  and  Sewerage  Board,  controlling  the  greater 
part  of  the  flow  from  this  basin. 

Lake  Cochituate  drains  into  Sudbury  River  a  short  distance 
below  Framingham.  It  is  controlled  as  a  storage  reservoir  by  the 
Metropolitan  waterworks. 

Sudbiuy  River  and  Lake  Cochituate  have  been  studied  by  the 
engineers  of  the  city  of  Boston,  the  State  Board  of  Health  of  Massa- 
chusetts, and  the  Metropolitan  Water  and  Sewerage  Board,  and 
records  of  rainfall  in  the  Sudbury  basin  have  been  kept  since  1875, 
and  in  the  Cochituate  basin  since  1852,  but  the  latter  are  considered 
of  doubtful  accuracy  previous  to  1872. 

The  accompanying  tables,  furnished  by  Dexter  Brackett,  chief 
engineer,  give  data  regarding  discharge  and  precipitation  for  1907-8, 
also  the  average  for  thirty-four  years  for  Sudbury  River,  and  for 
forty-six  years  for  Lake  Cochituate.     (See  also  footnote,  p.  343.) 

Yield  and  rainfall  in  Sudbury  River  basin  at  Framingham^  Mas*,  y  for  1907-S. 
[Ditdnage  area,  75.2  square  miles.] 


Total  yield 
in  million 
gallons. 

Average  yield  per 
square  mile. 

• 

Ralnlall  in 
lnches.a 

Rainkll 
collected 
in  inches.a 

'    Pwcort 
colkcUd. 

Month. 

Million 
gallons 
per  day. 

Second- 
feet. 

1907. 

January 

February 

March 

April 

May 

June  .             

3,150.3 
1.313.3 
3.865.4 
3,626.0 
2,069,5 
1.717.7 
20.5 
-243.0 
1.220.5 
1,726.7 
4.507.8 
4.736.0 

1.351 
0.624 
1.658 
1.607 
0.888 
0.761 
0.009 
-0.104 
0.541 
0.741 
1.998 
2.032 

2.091 
0.965 
2.565 
2.4S7 
1.374 
1.178 
0.014 
-0. 161 
0.837 
1.146 
3.092 
3.143 

3.28 
2.17 
1.91 
3.41 
3.63 
3.53 
1.86 
1.07 
8.76 
4.17 
6.12 
4.47 

2,411 
l.OOS 
2.958 
2.774 
1,584 
1.314 
0.015 
-0.186 
0.934 
1.321 
3.450 
3.624 

46.3 
15tS 

as 

July 

Auffust                

ft* 
-i:< 

September 

ml: 

October              

31.: 

November 

SB.4 

December         

81.1 

The  vear 

27.710.7 

1.010 

1.562 

44.38 

21.204 

4:j 

^ 

a  Total  for  month  for  1907-8;  average  of  totals  per  calendar  month  1875  to  1906. 
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Yieidarui  rain/aU  in  Sudbury  River  b<uin  at  Framirhgham,  Ma»$.jfor  1907-8 — Con. 


Total  yield 

In  million 

gaflons. 

Average  yield  per 
square  ttUle. 

Rahilallin 
Incbes.a 

Rainfall 
coUected 
in  inchea.a 

Percent 
collected. 

Month. 

MQlIon 
gaUons 
per  day. 

fieoond- 
reet. 

1008. 
Juiuarv 

4,487.6 

3,350.4 

5,261.7 

2,528.4 

2,437.5 

438.6 

-  32.8 

236.7 

-184.5 

108.9 

159.9 

317.1 

1.925 
1.536 
2.257 
1.117 
1.046 
.194 

-  .014 
.102 

-  .082 
.047 
.071 
.136 

2.978 
2.377 
3.492 
1.729 
1.618 
.801 

-  .022 
.157 

-  .127 
.072 
.110 
.210 

3.600 
4.558 
3.818 
1.880 
6.505 

.863 
3.705 
4.573 

.973 
2.550 

.978 
3.145 

3.434 
2.564 
4.026 
1.929 
1.865 
.335 

-  .025 
.181 

-  .141 
.083 
.122 
.243 

05.4 

February        

56.3 

ICsrch 

106.5 

April 

102.6 

May     

33.0 

■7*"^ 

June - 

88.9 

July 

-     .7 

Augii^t           

4.0 

September 

-14.5 

October      

3.3 

November 

12.5 

D^y^Bntyr         

7.7 

The  vear           

19,101.5 

.694 

1.074 

36.148 

14.616 

40.4 

1875-1908. 
January 

96,652.6 

126,067.1 

229, 42a  7 

157,443.3 

87,494.5 

40,131.7 

14,841.6 

21,0193 

20,007.7 

38,301.3 

65. 163.  7 

84,353.4 

1.245 
1.746 
2.894 
2.063 
1.104 
.523 
.187 
.265 
.261 
.483 
.850 
1.064 

1.925 

2.701 

4.477 

3.175 

1.708 

.809 

.290 

.410 

.404 

.747 

1.314 

1.646 

4.141 
4.176 
4.500 
3.  .504 
3.425 
3.114 
3.663 
3.913 
3.515 
4.071 
3.840 
3.840 

2.220 

2.837 

5.163 

3.543 

1.969 

.903 

.334 

.473 

.450 

.862 

1.467 

1.899 

63.6 

Felwuiiry                            

67.  f 

March..'. 

114.7 

April 

June 

July 

August 

September 

October 

November               

101.1 
57.5 
29.0 
9.1 
12.1 
12.8 
21.2 
38.2 

December 

49.4 

The  period 

982,896.9 

1.063 

1.629 

45.702 

22.120 

48.4 

•  Total  for  month  for  1907-8 ;  average  of  totals  per  calendar  month  1875  to  1906. 

Yield  and  rainfaU  in  Lake  Cochituate  basin  at  Cochituate,  Mass.,  far  1907-8, 
[Drainage  area,  18.87  square  miles.] 


Month. 


January — 
February.. 

March 

April 

py 

June 

July 

August 

September. 
October — 
November. 
December.. 


1307. 


Total 

yield, 

million 

gallons. 


622.0 
308.2 
779.1 
718.5 
468.1 
330.0 
40.7 
95.4 
348.3 
370.9 
863.8 
942.0 


Average  yield  per 
square  mile. 


Million 

gallons 

Second-feet. 

per  day. 

1.063 

1.645 

.583 

.903 

1.332 

2.061 

1.269 

1.964 

.800 

1.238 

.583 

.902 

.070 

.108 

.163 

.252 

.615 

.952 

.639 

.988 

1.526 

2.361 

1.610 

2.492 

Rainfall 
in  Inches.a 


3.14 
2.18 
1.88 
3.47 
3.62 
2.89 
1.45 
1.27 
7.62 
3.96 
5.63 
3.66 


Theyear. 


5,887.0  I 


.855  I 


1.322  I 


40.77 


RalnfiUl 
collected 
in  inchos.o 


1.90 
.94 
2.38 
2.19 
1.43 
1.01 
.12 
.20 
1.06 
1.13 
2.63 
2.87 


17.95 


Percent 
collected. 


6a4 

43.1 
126.4 
63.1 
39.4 
34.8 

a6 

22.9 
13.0 
28.6 
46.8 
78,5 


44.0 


a  Total  for  month  for  1007-8;  average  of  totals  per  calendar  month  1863  to  1006. 
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Yield  and  rainfall  in  Lake  CoMtuaU  basin  at  CoehituaU^  2ia$s,t/or  J9C7-S^Xj01L 


Month. 


JanuMy... 
Febnuiry . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1908. 


Total 

yield, 

million 

gallons. 


774.8 

8S3.2 

1,113.9 

559.2 

503.4 

115.2 

92.5 

09.7 

-las 

40.9 
44.9 
140.5 


The  year. 


4,309.4 


1803-1908.  , 

January 30,223.0 

February 37,051.9 

March 59,099.9 

AprU '  44, 219. 0 

M:ay 26,195.5 

June 12.087. 7 

July I  7,772.7 

August 11,036.1 

September '  1 1 ,  128. 9 

October |  15, 248. 2 

November 20, 979. 1 

December 25,535.2 


Theperiod 301,178.4 


Average  yltld  per 
•qoaremile. 


MiUon 
gallon! 
per  day. 


Seoond^feet. 


1.825 
1.550 
1.904 
.068 
.801 
.203 
.158 
.110 
-  .010 
.070 
.070 
.250 


.623 


1.123 
1.536 
2.106 
1.096 
.073 
.464 
.289 
.410 
.427 
.567 
.806 
.949 


.950 


1049 

1412 

1946 

1.528 

1.8S1 

.816 

.246 

.184 

-  .030 

.108 

.123 

.887 


.964 


1.737 

2.376 

8.306 

2.027 

1.506 

.718 

.447 

.634 

.661 

.877 

1.246 

1.468 


1.470 


RainlaU 
lnlncbea.a 


8.33 

4.30 
8.62 
1.80 
4.58 

.82 
8.01 
8.08 

.77 
2.37 

.85 
170 


33.03 


3.016 
3.023 
4.805 
8.610 
8.724 
3.024 
4.027 
4.250 
8.506 
4.260 
4.040 
8.567 


46.343 


Rainfall 
colleetMl 
iniikdiea.« 


2. 861 

zm 

8.806 

1.70S 

1.535 

.351 

.282 

.213 

-  .033 

.125 

.137 

.447 


Percesi 


«kS 
tl8 
04.7 
SL5 
42.8 
7.2 
18 
-4.3 
5.3 
16.1 
16.5 


13.123  I 


80.7 


2.003 

2.406 

3.017 

Z831 

1.736 

.801 

.515 

.731 

.738 

LOll 

1.301 

1.602 


10.065 


5L2 
03.6 
89.1 
81.2 
46.6 
2&5 
12.8 
17.2 
20:5 
23.7 
34.8 
47.4 


43.1 


a  Total  for  month  for  1907-8 ;  average  of  totals  per  calendar  month  1863  to  1006. 

CONNECTICUT  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Connecticut  River  has  its  source  in  the  Connecticut  lakes  in  north- 
em  New  Hampshire.  Its  extreme  headwaters,  however,  lie  in  the 
province  of  Quebec  and  in  the  mountains  of  the  northern  boundary 
of  New  Hampshire,  whence  the  river  flows  in  a  southerly  direction 
between  New  Hampshire  and  Vermont  and  through  Massachusetts 
and  Connecticut  to  Long  Island  Sound.  It  is  the  largest  river  in 
New  England  except  the  St.  John,  has  a  total  length  of  about  345 
miles  and  total  drainage  area  of  11,085  square  miles,  of  which  about 
155  square  mUes  he  in  the  province  of  Quebec. 

The  Connecticut  has  numerous  impK>rtant  tributaries,  among  which 
are  Passumpsic,  Ammonoosuc,  Wells,  White,  Mascoma,  Ottaquee- 
chee,  Sugar,  West,  and  Ashuelot  rivers,  all  entering  it  north  of  the 
Massachusetts  line;  Millers,  Deerfield,  Chicopee,  and  Westfield  rivers, 
entering  it  in  the  State  of  Massachusetts;  and  Farmington  River, 
entering  it  near  Hartford,  Conn. 

From  its  headwaters  in  the  Connecticut  lakes  to  Long  Island  Sound 
the  Connecticut  falls  about  1,900  feet.  The  upper  portions  of  the 
drainage  area  are  rugged  and  the  surface  of  the  coimtry  is  broken  by 
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undulating  ridges,  which  here  and  there  rise  to  mountain  heights,  and 
is  generafly  forested.  In  central  and  southern  New  Hampshire  and 
Vermont  the  coxmtry  is  hilly,  and  the  tributary  streams  in  general 
have  a  good  fall,  but  more  of  the  area  is  in  cultivation.  In  Massa- 
chusetts the  Deerfield  and  Westfield  rivers,  with  their  sources  in  the 
Berkshires,  are  quick-spilling  streams  with  steep  slopes  and  narrow, 
valleys,  largely  wooded,  while  on  the  east  the  Millets  and  Chicopee  ,. 
rivers  drain  a  flatter  coxmtry  with  numerous  ponds  and  reservoirs.' 
In  Connecticut  the  river  vaUey  is  generally  broad  and  the  country 
rolling.  The  soil  in  this  .portion  is  very  fertile,  and  it  is  an  important 
farming  district. 

The  rocks  are  in  general  granite,  gneiss,  mica  slate,  and  mica 
schists.  An  exception  to  this  is  the  red  sandstone  in  the  Connecticut 
Valley,  extending  from  New  Haven  nearly  to  the  northern  boundary 
of  Massachusetts.     The  prevailing  surface  material  is  glacial  drift. 

The  mean  annual  precipitation  in  the  Connecticut  Valley  is  about 
40  inches,  varying  from  about  47  inches  at  Hartford  to  probably 
about  35  inches  in  the  extreme  upper  portions.  In  a  general  way, 
there  is  usually  a  difference  of  a  month  in  the  time  of  beginning  of 
the  spring  season  in  the  lower  portion  of  the  river  and  its  headwaters, 
and  this  tends  to  diminish  the  severity  of  floods  from  melting  snow 
and  equalize  the  spring  run-off.  The  range  in  winter  conditions  is 
also  somewhat  variable,  the  lower  courses  of  the  river  being  subject 
usually  to  several  thaws,  while  the  upper  third  of  the  river  usually 
remains  frozen  throughout  the  winter,  and  considerable  depths  of 
snow  accumulate.  The  river  is  navigable  to  Hartford,  and  by  smaller 
boats  as  far  as  Holyoke. 

The  natural  facilities  for  storage  on  the  Connecticut  River  are 
perhaps  less  than  on  many  of  the  New  England  rivers,  although  on 
Millers,  Chicopee,  and  Farmington  rivers  some  storage  has  been 
developed.  There  are,  however,  many  localities  in  this  basin  where 
reservoirs  could  be  constructed,  and  there  is  much  need  of  systematic 
effort  in  this  direction  as  the  low-water  flow  on  the  Connecticut 
could  be  much  improved  by  utilizing  some  of  these  opportunities  for 
storage,  especially  in  the  upper  portions  of  the  basin. 

The  Connecticut  and  its  tributaries  are  very  important  for  water 
power.  On  the  main  river  the  developments  at  Wilder,  Bellows 
Falls,  Turners  Falls,  Holyoke,  etc.,  are  all  large  powers  utilized  for 
various  manufactures.  During  the  last  season  a  hydro-electric 
power  station  on  the  Connecticut  at  Hinsdale,  N.  H.,  has  been  nearly 
completed,  and  this  will  furnish  power  for  cities  as  far  away  as  Fitch- 
burg  and  Worcester.  Plate  V,  B,  shows  a  hydro-electric  power  devel- 
opment on  White  River  near  Sharon,  Vt.  There  is,  however,  much 
undeveloped  power  in  this  basin  which  is  boimd  to  receive  attention 
in  the  near  future. 

16264— IRE  241—10 10 
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The  longest  lecord  of  flow  in  the  Connecticut  is  at  Holyoke,  Mass., 
and  extends  back  to  1880;  this  record  was  interrupted  in  1899,  but 
since  1904  the  station  at  Sunderland  is  available  for  comparative 
purposes.  The  driest  year  during  the  period  covered  by  these  rec- 
ords was  1883,  and  the  wettest  1888,  the  total  flow  during  these  two 
years  being  about  in  the  ratio  of  1  to  2.14. 

The  following  river  stations  have  been  maintained  in  this  river 
basin: 

Connecticut  River  at  Orford,  N.  H.  (1900-1908). 

Connecticut  River  at  Sunderland,  MasB.  (1904-1908). 

Connecticut  River  at  Holyoke,  MasB.  (1880-1898). 

Connecticut  River  at  Hartford,  Conn.  (1896-1908). 

Israel  River  above  South  Branch  at  Jeffenon  Hi^lands,  N.  H.  (1903-1906). 

Israel  River  below  South  Brandi  at  Jeflferson  Highlands,  N.  H.  (1903-1907). 

PttBumpeic  River  at  St.  Jcdinsbury  Center,  Vt.  (1903). 

Ammonooeuc  River  at  Bretton  Woods,  N.  H.  (1903-1907). 

Zealand  River  at  Twin  Mountain,  N.  H.  (1903-1907). 

Little  River  at  Twin  Mountain,  N.  H.  (1904-1907). 

White  River  at  Sharon,  Vt.  (1903-4). 

Aahuelot  River  at  Winchester,  N.  H.  (1906^). 

Adiuelot  River  at  Hinsdale,  N.  H.  (1907-8.) 

Deerfield  River  at  Deerfield,  Mass.  (1904-^). 

Ware  River  at  Ware,  Mass.  (1904-1908). 

Quaboag  River  at  West  Warren,  Mass.  (1904-1907). 

Westfield  River  at  Russell,  Mass.  (1904-5). 

Westfield  Little  River  at  Blandford,  Mass.  (1905-1908). 

Salmon  River  at  Leesville,  Conn.  (1905-6). 

coNNEcncirr  biveb  at  obfobd,  n.  h. 

This  station,  which  is  located  at  the  wooden  highway  bridge 
between  Orford,  N.  H.,  and  Fairlee,  Vt.,  was  established  August  6, 
1900,  to  obtain  general  statistical  and  comparative  data  regarding 
the  flow  of  Connecticut  River.  Several  small  streams  enter  the 
Connecticut  near  Orford,  but  the  only  one  of  any  considerable  size  is 
Waits  River,  about  5  or  6  miles  above  the  station.  The  nearest  dam 
is  at  Wilder,  about  18  miles  downstream.  Backwater  effect  at  this' 
dam  reaches  probably  within  a  few  miles  of  Orford.  Upstream  the 
nearest  dam  is  at  East  Ryegate,  Yt.,  about  20  miles  distant. 

The  gage  datum  has  remained  the  same  diuing  the  maintenance 
of  the  station.  During  the  winter  months  the  discharge  is  usually 
affected  by  ice,  but  numerous  discharge  measurements  imder  ice  cover 
have  been  made,  and  a  fairly  good  rating  curve  developed  for  these 
conditions.  Conditions  for  obtaining  accurate  discharge  data  during 
the  open  season  are  good,  and  a  fairly  good  rating  curve  has  been 
developed  for  the  period  prior  to  1907. 

The  monthly  discharge  for  1907-8  is,  however,  withheld  pending 
the  confirmation  of  recent  measurements  which  indicate  a  change  in 
the  rating  curve. 
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A.     LOG  JAM  AT  GAGING  STATION  ON  SACANDAGA  RIVER  AT  HADLEY.  N.  Y. 


B.     HYDRO-ELECTRIC  POWER  DEVELOPMENT  ON  WHITE  RIVER  NEAR  SHARON,  VT. 
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Discharge  measurenunU  of  Connecticut  River  at  Orford^  N.  H.,  T907-S. 


Date. 

Hydrographer. 

'nrM«K     Area  of 
^*^*^    section. 

height." 

height.6 

Dis- 
charge. 

Thick- 
ness of 
ice. 

1907. 

Febniary20 

Febraary21.... 

Butterfleld  and  Mention 

Feet.   1    8q,ft. 
288          1,060 
288          1.050 

Feet. 
4.51 
4.64 
6.87 

7.11 
2.04 
3.53 

Feet. 
4.9 
4.97 

7.21 
"*3.*63' 

1,090 
3,710 

2,340 
439 
696 

Feet. 

1.72 

do 

1.64 

September  27... 

1908. 
March  4  c 

D.M.Wood 

284 

345 
240 
264 

1,990 

2,040 
716 
993 

D.M.Wood 

1.3 

September  24 . . 
December  24  ' . . 

do 

Wood  and  French 

.7 

a  To  water  surfiMe. 
*  To  top  of  ice. 


c  Measurement  made  about  150  feet  above  the  bridge. 
d  Measurement  made  at  open  channel  section. 


Daily  gage  height y  in  feet ^  of  Connecticut  River  at  Orfordy  N.  H.yfor  1907S, 
[F.  H.  Gardner,  observer.] 


Day. 

Jan. 

Feb.  1  Mar.     Apr. 

May. 

June. 

July. 

Aug. 

sept. 

Oct. 

Nov. 

Dec. 

1907.a 
1.' 

1 

17.5 
M.8 
13.9 
12.8 

23.8 
25.4 
26.1 
24.2 
21.4 

18.6 
16.1 
15.3 
13.4 
14.2 

14.6 
14.4 
13.5 
12.0 
12.5 

12.6 
13.6 
14.7 
14.8 
13.1 

11.9 
10.7 
9.7 
9.3 
8.3 

8.0 
8.3 
8.1 
8.2 
8.0 
7.6 

24.1 
22.2 

18.7 
17.3 
15.9 

14.2 
13.3 
12.5 
13.2 
14.3 

15.9 
14.9 
13.8 
14.2 
14.4 

7.6 
7.7 
7.1 
7.0 
7.2 

7.3 
7.5 
7.4 
7.2 
7.3 

6.7 
6.5 
6.8 
6.3 
6.7 

5.3 
5.1 
6.0 
5.3 
5.7 

10.0 
11. 0 
9.9 
7.4 
6.8 

6.3 
6.1 
6.0 
7.0 

7.8 

8.6 
11.8 
10.0 
9.1 
8.7 

7.7 
7.0 
6.6 
6.0 
5.7 

5.6 
5.6 
5.6 
5.2 
5.0 

8.8 
10.8 
10.5 
10.6 

9.8 

9.2 
7.7 
7.0 
&9 
6.7 
6.7 
6.5 
6.8 
7.0 
7.1 

7.7 
6.4 
5.7 
5.4 
5.0 

4.9 
4.7 
4.8 
5.0 
5.2 

5.0 
5.2 
5.5 
5.9 
6.7 
6.9 

4.5 
4.4 
4.4 
4.7 

4.6 

4.4 
4.3 
4.2 
4.3 
4.2 

4.0 
3.8 
3.4 
3.2 
3.5 

7.0 
8.2 
8.3 
7.8 
7.3 

7.0 
6.8 
6.5 
6.1 
5.8 

6.4 
6.2 
4.9 
4.6 
4.5 

4.3 
4.0 
3.6 
3.5 
3.3 

3.3 
3.2 
3.2 
3.2 
3.1 

3.1 
3.0 
3.0 
2.9 
3.3 
3.4 

3.6 
3.6 
3.6 
3.0 
3.6 

3.6 
6.6 
6.4 

a3 

5.5 

5.0 
4.6 
4.3 
4.2 
4.1 

3.4 
8.6 
3.6 
3.6 
4.3 

6.7 
7.4 
&4 
6.9 
5.3 

6.8 
4.9 
6.2 
7.2 
7.3 

5.8 
5.5 
5.0 
4.5 
5.1 

4.4 

3.7 
3.7 
4.6 
5.4 

6.3 
5.9 
5.5 
5.6 
9.0 

2.8 
3.2 
2.9 
2.9 
3.2 

3.0 
2.7 
2.6 
2.8 
2.3 

2.4 

2.5 

2.6 

2.25 

2.3 

11.4 
11.7 
11.2 
10.0 
9.4 

9.6 
9.0 
8.6 
11.8 
13.4 

13.0 
12.0 
13.0 
13.0 
12.0 

10.7 
9.4 
8.6 
8.0 
8.6 

7.3 
7.7 
6.8 
6.6 
6.4 

6.2 
6.1 
6.3 
13.6 
15.9 
14.1 

2.3 
2.5 
2.7 
3.0 
2.8 

3.3 
3.2 
3.2 
3.0 
2.7 

2.7 
2.5 
2.7 
2.9 
3.1 

12.0 
10.4 
11.0 
12.1 
11.9 

12.7 
13.6 
14.4 
13.8 
12.7 

11.4 
10.2 
9.6 
9.0 
8.5 

8.0 
7.6 
7.4 
7.4 

7.2 

7.0 
6.8 
6.9 
6.8 
6.8 

6.9 
6.7 
6.4 
6.3 
6.0 

2.5 
2.6 
2.7 
2.9 
2.8 

2.5 
2.6 
2.7 
2.6 
2.7 

2.7 
2.8 
3.3 
3.7 
3.7 

6.1 

2         

6.4 

3 - 

5.4        5.5 


7.0 

4       

6.9 

5 



12.2 

12.8 
12.3 
12.0 
10.8 
10.2 

10.1 
10.0 
9.6 
9.8 
10.1 

10.1 

6.8 

6 

67.9 

66.1 

7           

6  5.8 

8:::::::::::::::::::::::::::::::::::: 

9 

6  6.6 

10 '    4.7        5.5 

11 ' 

66.8 
17.2 

12 

19.7 

13 6.1 

H 

1 

18.6 

16.1 

15                    

10.8 

16     1 

9.6 

17 ' 

4.9    1    5.3 

9.6 
10.0 
9.6 
9.3 

9.1 
9.2 
9.8 

9.0 

18     1 

8.5 

19 

8.2 

20 ■      5.1 

21 

4.5     

4.65    

8.8 
9.1 

22         , 

9.5 

23 

1 

9.7 

24           

6.7    |67.4 

12.8 
18.9 

19.1 
21.9 

12.7 

25 

15.5 

26          

1 

14.6 

27 

5.5 

1 

14.0 

28        

22.1 

12. 1 

29 

22.4 
22.5 

15.0 
13.4 
11.9 
10.5 
9.1 

9.2 

11.4 

30         

11.0 

31 

19.95 

10.9 

1908.  c 

1 10.8 

2               10-4 

7.1 

4.8 
4.6 

3 

10.1 
MO.  2 
6  10.1 

6.1      

!    7.1 

4.5 

4 

5 

V< 

6 

( 

3.2 

7 

9.8 

3.5 

8 

fi.  8 

11.3 
11.2 
10.8 

11.5 
13.1 
12.7 
12.0 
11..^ 

3.9 

9     

«-7    1 

4.2 

10 

3.9 

11            

3.7 

12                            1    6  8.  2 

3.6 

13          

3.7 

14 

3.9 

16 

3.9 

aRlvcr  frozen  January  1  to  March  31  and  December  6  to  10, 1907.  Gage  heights  during  the  frozen  periods 
were  taken  to  water  surface  in  a  hole  cut  in  the  ice. 

6  Gage  height  to  top  of  ice. 

c  River  frozen  January  4  to  March  27  and  December  16  to  31 ,  1908.  During  the  frozen  period  gage  heights 
were  taken  to  water  stuitace  in  a  hole  cut  in  the  ice. 
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D»y, 

im^ 

r#* 

MX 

Afr- 

^. 

,-. 

J«!j 

A^ 

«*. 

Oct. 

"Sm. 

Dk. 

2«» 

;t 

•  *%• 

•  :l2 

;*  7 

VLl 

7  • 

a.7 

4,f 

X* 

X2 

X7 

4.1 

^7 

W\ 

11  T 

\*.  1 

17 

4,» 

XI 

xo 

XS 

Xt 

> 

11  4 

i:  J 

**   * 

X% 

4.1 

X4 

xt 

17 

X7 

,V 

7  5 

!1  • 

;(  I- 

JLi 

!.» 

4.1 

X4 

X4 

X8 

X7 

X. 

ILft 

i:^i 

i.2 

4.2 

4.ft 

X2    ' 

X4 

X2 

XS 

r 

:*  7 

t  % 

7  « 

i: 

4.6 

Lf 

X4 

XI 

22 

1'  % 

%  1 

c: 

i.6 

4.4 

X4 

X5 

XO 

17 

K 

•  t . 

•  ft* 

\'.  % 

fe.» 

&4 

4.6 

4.1 

X2 

X4 

X6 

z* 

11  2 

«.« 

IS 

4,4 

4.« 

Xt 

X5 

x» 

18 

'£. 

il.  • 

L2 

S.0 

4.2 

X« 

XI 

xs  . 

XI 

y 

C  C 

:i7 

7  S 

4.6 

X* 

X7 

X4    . 

X4  ' 

X3 

X7 

•/: 

:c7 

*.o 

«.« 

X€ 

XC 

XI    ' 

X< 

X6 

i?* 

;v4 

24  7 

fe.2 

ft  1 

4.4 
4.3 

4,1 

Xi 
14 

17 

X« 
X4 

x« 

XI 
X4 

X4 

X7 
X7 

4.4 

x« 

4.t 

X7 

•/v 

»- 

XS 

i) 

i:  2 

«.4 

X« 

x« 

; 

X« 

i 

«  Ga«e  ba^  !•  top  «f  lee. 

coxKEcncrr  ritek  at  sukdkelakd,  mass. 

T}ii>$  station,  which  is  located  at  a  fiTe-span  steel  h^way  bridge 
a(x>ijt  IS  miles  above  the  Holyoke  dam  and  5  miles  below  that  at 
Tumere  F*alls,  was  established  March  31,  1904,  to  obtain  general 
Htuti>itir:al  and  comparative  data  regarding  the  flow  of  the  river. 

A  record  of  flow  of  the  Connecticut  at  Holyoke  was  carried  on  from 
ISHO  U>  1S99^  but  interrupted  after  that  time,  and  as  this  station  has 
pra/:tically  the  same  drainage  area,  it  is  of  eq>ecial  value  in  continuii^ 
the  Holyoke  records,  which  have  been  very  widely  used  in  power, 
ht^>rage,  and  navigation  studies  both  on  the  Connecticut  and  on 
Htreanw  of  similar  regimen.  Deerfield  River  enters  Connecticut  a 
hhr>rt  dlstan^^e  below  Turners  Falls,  about  4  miles  above  the  station. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  During  the  winter  months  the  dischaige  is  usually 
afTeiU'd  by  ice.  Conditions  for  obtaining  accurate  discharge  data 
are  fairly  gm)d,  although  there  have  been  some  changes  in  condition 
of  tiK'  iKfd  of  the  river,  and  a  fairly  good  rating  curve  has  been  devel- 
oped!. 

])'ifn}tnrqe.  mfxururrmenU  of  Connecticut  Rxv€r  at  Sunderland,  Mau.,  in  1907-8. 


\yA\.f. 


Hydrographer. 


I 


Aprll'i  '  Ft.  A.  M«»ntlon. 

A pril  2U     WofMX  ari'l  Mention.. 

Ht'\)\*'Ut\**'T  2!i . .    1>.  M.  Wood. 


V*tH. 
Msir'h  I'i D.  M.  Wood. 

April  I do. 

Ht-\Ai-fu\)f'T'I2 do. 

|>p<cffjl>«T  'J*^b do. 


w«"-  i^  A. 


Feet. 

813 
816 
719 


712 
779 
456 
599 


9,200 


Feet, 
1X23 
10;7a)l    14  65 
4,U0  I      5.55 


12,600  I  15.00 

13,300  :  16l10 

1,180  1  1.34 

1,830  X87 


charge. 


See.-fi. 
30,800 
44,400 
9,820 


9,340 

50,300 

1,060 

2,360 


n  Mo-.i'wrcuwnt  matle  at  Northumpton  highway  bridge  during  ice  jam  above.    Qagebei^tto  topoflos. 
MciiMiircinpnt  j>oor. 
t>  \ro  iiHMLSiirornpnt;  gage  height  to  top  of  ice  2.02  feet;  average  thfcknen  of  loe  0.25  foot. 
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Daily  gage  height^  in  futy  of  Connecticut  River  at  Sunderland,  Mass.,  for  1907~S. 

[V.  Lawer,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1907.« 
1 

17.9 
16.36 
14.0 
12.4 
11.66 

12.05 
11.66 
10.85 
10.26 
9.8 

9.35 
9.05 
9.05 
9.2 
9.85 

10.46 
10.2 
9.85 
9.55 
9.26 

8.66 
8.3 
8.2 
9.4 
14.5 

16.1 
17.9 
19.7 
17.9 
16.7 

16.05 
14.4 
12.9 
11.35 
9.95 

9.3 
9.95 
10.85 
12.95 
13.6 

12.7 

13.0 

12.75 

11.96 

11.0 

11.05 

11.1 

10.85 

10.95 

11.8 

11.3 
10.2 
9.4 
9.7 
10.1 

10.96 
12.65 
14.2 
16.2 
17.4 

16.4 
17.2 
17.55 
17.5 
17.4 

16.1 

14.1 

12.76 

12.0 

11.1 

10.8 
10.75 
10.6 
10.05 
9.2 

8.85 
U.0 
13.05 
12.3 
11.35 

10.45 
9.5 
8.7 
8.0 
7.46 

6.96 

6.86 

7.7 

7.85 

7.35 

6.9 

18.66 
19.3 
17.46 
16.25 
15.1 

13.5 
12.1 
14.2 
15.6 
15.4 

14.66 
13.85 
12.75 
12.0 
13.1 

12.96 
11.6 
10.45 
9.6 
8.9 

8.6 
8.56 
10.0 
9.1 
8.0 

7.4 

7.15 

7.0 

6.5 

6.05 

8.9 

6.6 
6.25 
7.15 
8.7 
8.1 

8.9 

8.85 

8.1 

7.4 

6.9 

6.7 
6.3 
6.0 
5.6 
5.05 

4.75 

4.55 

4.4 

4.3 

4.2 

4.3 
5.36 
6.9 
6.6 
6.0 

6.25 

4.9 

4.96 

5.00 

6.6 

10.06 
8.9 
8.7 
8.55 
7.8 

6.8 

6.15 

5.6 

5.35 

4.9 

4.6 

4.45 

4.3 

4.2 

3.9 

4.1 
5.1 
7.4 
7.7 
7.06 

6.1 
5.3 
4.85 
4.4 
4.1 

3.95 
3.7 
3.65 
3.15 
3.2 

6.66 

6.86 

7.1 

7.45 

7.6 

7.2 
6.5 
6.8 
5.1 
4.8 

4.7 

4.85 

6.1 

5.9 

5.35 

5.2 
5.2 
6.1 
5.0 
4.4 

4.2 

4.45 

4.1 

4.0 

5.06 

6.4 

4.75 

4.5 

4.2 

3.96 

4.1 

3.05 
2.86 
2.86 
2.85 
2.95 

2.9 
3.2 
3.05 
2.8 
2.75 

2.55 
2.45 
2.45 
2.2 
2.2 

2.7 

2.25 

2.06 

1.85 

2.26 

2.26 
2.45 
3v8 
3.8 
3.66 

6.16 
4.3 
3.35 
3.55 
2.75 
2.45 

4.4 

4.7 
5.2 
5.55 
6.6 

6.4 
6.2 
5.0 
4.7 
4.5 

4.15 
3.86 
3.6 
3.2 
3.1 

3.15 
3.0 
2.8 
2.9 
2.3 

2.5 

2.66 

2.7 

2.6 

2.0 

2.46 

1.9 

1.9 

2.4 

2.3 

2.0 

2.4 
2.46 
2.46 
2.26 
2.36 

2.66 
3.55 
3.9 
5.06 
5.1 

4.8 
4.35 
4.06 
4.15 
3.9 

3.65 
3.45 
3.45 
4.05 
3.6 

3.45 
3.45 
3.45 
3.45 
3.25 

3.1 

2.95 

2.85 

2.7 

2.55 

2.45 

1.9 

1.9 

1.95 

2.1 

3.26 

4.46 
4.6 
6.35 
4.95 
4.55 

4.3 

4.26 

4.4 

4.3 

4.55 

4.65 
4.6 
4.1 
3.7 
3.55 

3.35 
3.15 
3.25 
5.2 
5.65 

6.6 
6.15 
4.95 
5.4 
10.55 

2.4 
2.3 
2.1 
2.05 
1.95 

1.9 
1.9 
1.7 
1.7 
1.9 

1.8 
1.75 
1.66 
1.65 
1.5 

1.45 
1.6 
1.65 
1.65 
1.55 

1.6 
1.55 
1.5 
1.45 
1.36 

1.35 
1.0 
1.55 
1.65 
1.4 



10.1 
9.4 
8.75 
8.4 
9.45 

8.3 
7.8 
7.8 
10.2 
10.7 

10.3 
10.3 
10.8 
10.2 
9.65 

8.9 
8.2 
7.45 
6.9 
6.5 

6.0 
6.2 
5.9 
5.7 
5.6 

6.25 
5.1 
6.4 
15.4 
19.26 
16.26 

1.5 
1.6 
1.6 
1.45 
1.7 

1.6 

1.45 

1.9 

2.06 

1.96 

1.85 
1.9 
1.7 
1.8 
1.75 

1.7 

1.55 

1.3 

1.7 

1.7 

1.5 

1.7 

1.65 

1.6 

1.1 

1.65 
1.6 
1.8 
2.0 
2.0 
2.05 

13.25 

11.4 

15.8 

16.6 

15.46 

13.7 
21.55 
21.86 
17.7 
14.66 

13.0 
11.6 
10.45 
9.7 
9.0 

8.3 
7.9 
7.4 
7.3 
7.1 

6.95 
6.9 
6.05 
6.8 
6.6 

6.75 
6.75 
6.65 
6.45 
6.30 

1.75 
1.9 
1.65 
1.8 
1.85 

1.75 
1.75 
1.15 
1.8 
1.6 

1.7 
1.85 
2.0 
2.0 
1.56 

1.75 

1.8 

2.1 

2.3 

2.2 

2.15 
1.6 
2.2 
1.7 
1.8 

2.25 
2.35 
2.2 
1.7 
1.8 

5.0 

2::::::::.::::::::::::: 

7.3 

5.0 

5.45 

3 ' 

5.25 

4 

8.8 
15.2 

14.7 
14.06 
14.66 
12.9 
11.1 

11.8 
11.05 
11.4 
11.2 
10.5 

10.0 

5.2 

5       

5.1 

6 

5.3 

7 

5.35 

8 

5.30 

9 

6.5 

6.05 

5.35 

10 

5.6 

11 

14.4 

12 

16.9 

13 

15.9 

14 

13.55 

15 

11.5 

16 

6.06 

6.9 
7.45 
8.96 
9.8 
9.75 

8.8 
9.2 
10.7 
16.5 
13.96 

11.0 
9.3 
10.4 
14.76 
18.4 
19.3 

15.6 
15.2 
15.3 
15.36 
15.4 

15.26 
14.85 
14.6 
14.66 
14.9 

14.6 
14.7 
15.66 
17.0 
20.15 

23.66 
26.06 
23.06 
21.2 
19.8 

18.35 
17.46 
17.3 
19.0 
20.35 

14.3 
15.26 
17.6 
18.8 
19.95 
18.15 

10.05 

17 

9.25 

18 

8.65 

19 

9.2 

7.8 

20 

7.55 

21 

7.25 

22 

6.95 

23 

5.35 

7.05 

24 

9.1 

25 

12.7 

as 

8.1 

12.36 

27 

10.9 

28 

9.95 

29 

10.2 

30 

10.45 

31 

11.05 

1906.» 
1 

10.66 
9.56 
8.6 
7.9 
7.65 

7.26 
7.3 
8.0 
8.7 
8.76 

8.36 
8.26 
8.6 
9.45 
9.06 

8.65 
8.15 
7.96 
7.66 
7.6 

7.46 
7.26 
7.5 
9.0 
10.06 

9.76 
0.7 
9.9 
9.8 
9.2 
8.35 

■*6."9  ' 

23.5 

30.6 

28.5 

24.75 

22.3 

20.0 
19.15 
18.4 
17.46 
16.96 

16.2 
16.3 
16.7 
16.46 

2.95 

2 

3.35 

3 

3.0 

4 

2.76 

5 

2.4 

6 

2.1 

7 

2.45 

8 

2.65 

9 

3.1 

10 

3.1 

11 

3.4 

12 

4.1 

13 

3.8 

14 

4.2 

15 

3.7 

16 

3.65 

17 

3.6 

18 

3.6 

19 : 

3.5 

20 

21 \ 

22 

23 

3.1 

3.25 
3.0 
3.15 

24 

3.05 

26             .   . 

2.9 

25 

3.05 

27 

2.55 

28 

2.95 

20 

2.9 

30 

2.9 

31-... :.... 

2.0 

•I<^  conditions  prevailed  from  about  January  1  to  March  20, 1907.  During  this  period  gage  heights  were 
taken  to  water  surteoe  In  a  bole  in  the  lee  except  January  19  and  26  and  March  16,  when  the  readings  were 
taken  to  the  top  of  the  ice. 

^  Ice  conditioos  prevailed  from  about  January  5  to  March  25  and  December  18  to  31, 1908.  During  these 
periods  gage  hel|dits  were  taken  to  water  surface  hi  a  hole  in  the  ice  except  February  15  to  March  23,  when 
readings  were  taken  to  the  top  of  the  ice. 
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Rating  table  for  OmntetinU  River  at  Sumderland,  Mau.^/or  1907-^. 


hci^t.'  <diwfB.    ,h0^t. 


Feet, 
LOO 
LIO 
L» 
1.30 
L40 
l.» 
L60 
1.70 
1.W 
L90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 


1,410 
1,4S0 
1,550 
1,630 
1,710 
1,800 
1,900 
2,000 
2,110 
2,230 
2,350 
2,480 
2,610 
2,750 
2,800 
3,040 


Feet. 
Z60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.«0 
3.70 
3.80 
3.90 
4.00 
4.20 


Dfti- 


A 


Dto- 


3,190 
3,350 
3,510 
3,680 
3,850 
4,090 
4,210 
4,300 
4,580 
4,770 
4,970 
5,170 
5.370 
5.580 
5.790 
6,220 


FtA. 

4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.00 
5.80 
«.00 
6.20 
6.40 
6.60 
6.80 
7.08 
8.00 
9.00 


6,670 
7,130 
7.610 
8,100 
a,  610 
f,130 
9,670 
10,220 
10,790 
11,380 
11,980 
12.600 
13,240 
13,880 
17,250 
20,790 


Dto- 


Feet, 

8ee,-1L 

10.00 

24,500 

ILOO 

28,34) 

12.00 

32,300 

13.00 

96. 3M) 

14.00 

40,640 

15.00 

45.000 

16.00 

49,400 

17.00 

53.900 

18. 00 

58.400 

19.00 

63.000 

20.00 

67.600 

21.00 

72,200 

22.00 

76,800 

Note.— The  tbore  table  b  not  ftpplkable  for  lc«  or  obstracted-diaiiDel  coedlrtnas.    It  b 
cbarge  measumoentA  made  durtne  1904-1908  and  b  well  deflned. 


iMsedoadb- 


Monthly  discharge  of  Conneeticui  River  at  Swnderland^  Mau.^for  1907-S. 
[  Drabuige  am,  7,700  aqoare  mOea.] 


Month. 


Janoary 

Ff»bnj£U7 . . 

March 

April 

May 

June 

July 

AufHist 

Beptemb^T. 

October 

November., 
Dec^-mber.. 


1907. 


The  year. 


January. . . 

February. 

March.... 

April. 

May 


1906. 


day. 


June 

July 

AuKUst 

Sepleniljer. 

October 

N'ovprnt>er., 
De<ember.. 


The  year. 


Dbcbarge  fai  seoood-frei. 


Maximum. 


64.400 
etj.aoo 

56.400 
20,400 
l.S.900 
9.540 

26.noo 

64.200 
76.100 
53.400 


76.100 


27.000 


Per 
square 
mile. 


67,400 
55.700 
64.400 
24.700 
8.480 
8.3.50 
2,S90 
2.420 
2.820 
6.220 


07,400  I 


18.000 
13.400 
6.220 
5.680 
2.230 
2.230 
8,350 
11.700 
8.350 


9,490 
4.690 
16.600 
33.000 
30,000 
11.500 
9.200 
5.000 
6.910 
21.300 
28.400 
21.500 


2.230  I      16.500 


21.900 
12,300 
4.120 
2.170 
2.680 
1,410 
1.4>» 
1.520 


13,500 

15,200 

24.700 

32.600 

32,200 

10,300 

3.770 

4.600 

2,010 

2.000 

2.210 

3,710 


1,410  I 


12,200 


L23 

.600 

2.16 

4.29 

3.90 

l.« 

1.19 

.649 

.897 

2.77 

3.60 

2.79 


2.14 


Run-off 

drainage     ^* 

area).     . 


1.75 
1.97 
3.21 
4.23 
4.18 
L34 
.490 
.609 
.261 
.260 
.287 
.482 


1.59 


1.42    D 
.63  I  D 

2.49  !  C, 

4.79     A. 

4.50 

1.66 

1.37 
.75 

LOO 

3.19 

4.12 

3.22 


29.14 


2.02 

2.12 

3.70 

4.72 

4.82 

1.50 

.56 

.70 

.29 


.30  I  B. 
.32  B. 
.56  ;  B. 


21.61  ! 


NoTK.— Discharge  durinR  the  frozen  periods  determined  by  means  of  climatoloeical  conditions,  ooefB- 
cienLs  for  dLs<  harnc  under  Ice  cover,  and  from  February  1  to  March  JK,  190H,  the  discharge  at  Holyoke  from 
data  furnished  by  Mr.  A.  F.  Sicknian. 

Second-feet. 

Discharge  March  1  to  20, 1907 5,450 

January  5  to  .'U,  llius 12,300 

March  ItoiS,  19<>h 17,300 

December  is  to  31, 1908 3. 030 
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CONNECTICUT  RIYEB  AT  HARTFORD,   CONN. 

Daily  readings  of  Uie  height  of  water  at  Hartford  have  been  recorded 
since  February  8, 1896,  by  the  Connecticut  River  bridge  and  highway 
district.  Through  the  courtesy  of  John  T.  Henderson,  deputy  chief 
engineer,  these  have  been  furnished  to  the  United  States  Geological 
Survey  for  1907-8. 

These  heights  are  read  on  what  is  known  as  the  tollhouse  gage, 
the  zero  of  which  is  set  at  the  low-water  mark  of  1801.  The  highest 
water  ever  known  in  the  river  (29  feet  10  inches)  was  in  May,  1854; 
the  lowest  (1^  inches  below  zero)  in  1858,  until  1908,  when,  on  Novem- 
ber 2  at  5  a.  m.,  a  height  of  0.50  foot  below  zero  was  recorded. 

This  datum  was  used  in  the  various  surveys  of  the  river  below 
Hartford  in  1866-67  ';  also  in  the  surveys  above  Hartford  in  1871- 
1878  ^  and  in  the  survey  of  1897 .'^  It  has  again  been  used,  1902-1905, 
in  a  further  survey  by  the  Secretary  of  War  to  study  the  problem  of 
river  improvements  above  Hartford. 

During  low-water  periods  the  tidal  wave  comes  up  the  river  to 
Hartford.  The  visible  effect  of  this  wave  is  dependent  on  the  height 
of  the  water  and  the  direction  and  course  of  the  wind. 

During  1908  (records  beginning  September  8)  an  automatic  record- 
ing gage  of  the  Friez  type  was  installed  by  the  United  States  Weather 
Bureau  in  one  of  the  piers  of  the  new  stone  arch  bridge,  this  being 
set  to  record  gage  heights  to  the  same  datum  as  the  tollhouse  gage.** 

From  figures  given  in  the  Report  of  the  Chief  of  Engineers  for  1878, 
pages  348-391,  and  from  other  data,  computations  of  the  discharge 
of  Connecticut  River  at  Hartford  from  1871  to  1886,  inclusive,  were 
prepared  and  published  in  the  Fourteenth  Annual  Report  of  the 
Geological  Survey,  Part  H,  pages  141-144. 

•  See  report  of  Theodore  O.  EUto,  1867  (H.  R.  Ex.  Doo.  No.  153, 40Ch  Coof .,  2d  mm). 
»  EogiDeer's  Report  1878,  pp.  34»-301. 

e  Engiiieer's  Report  1896,  pp.  97&-988. 

*  See  Monthly  Weather  Review,  October,  1008,  pp.  340-342 
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152  BUEFACE  WATEB  SUPPLY,  1907-8. 

Daily  gage  height^  in  feet  ^  of  Connecticut  River  at  Horifotd^  Conn,,  for  1907S. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

luy. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nor. 

Dec 

1907. 
1 

7.4 
7.9 
7.6 
7.0 
7.6 

7.3 
7.0 
6.8 
7.7 
7.0 

6.1 
6.9 
4.8 
4.6 
4.5 

3.3 
4.4 

5.6 
6.0 
5.4 

7.0 
7.0 

a2 

5.5 
5.2 

5.2 
4.6 
4.8 
5.1 
5.0 
4.7 

11.0 

ia2 

8.9 
7.6 
6.4 

5.4 
6.5 
&4 
7.9 
7.0 

6.7 
6.5 
9.0 
9.6 
8.4 

7.3 
6.1 
5.8 
5.4 
5.3 

5.0 
6.0 
4.8 
4.9 
4.5 

5.3 
7.3 
6.2 
6.5 
5.2 
7.4 

4.7 
4.8 
3.9 
3.8 
4.9 

4.6 
4.1 
4.1 
4.5 
4.0 

3.8 
4.2 
3.7 
3.8 
4.1 

4.0 
3.9 
3.0 
4.7 
3.9 

3.7 
3.0 
2.8 
2.5 
2.1 

3.1 
3.4 
3.0 

6.1 
7.3 
6.4 
6.0 
5.7 

5.8 
5.6 
5.8 
5.1 

4.8 

5.0 
5.0 
4.8 
4.9 
5.6 

14.5 
17.0 

ia3 

16.0 
12.7 

10.0 
8.5 
7.0 
6.8 
6.8 

6.8 
7.3 
6.8 

ao 

3.1 
3.2 
2.5 
2.4 

3.8 

8.7 
3.5 
3.5 
3.5 
3.0 

2.4 
3.6 
3.5 
3.5 
4.1 

5.2 
&4 
&3 
9.3 
8.6 

7.5 
6.9 
6.1 
&3 

ia8 
ia3 

9.1 
8.6 
10.7 
14.0 
15.9 

5.4 
5.7 
5.8 
5.0 
5.0 

4.8 
5.0 
4.5 
4.8 
4.2 

4.2 
4.8 
5.5 
6.5 
&0 

ia4 

12.1 
12.2 
11.4 

ia7 

9.4 
8.0 
7.5 
8.2 

ia9 

14.1 
13.7 
14.5 
16.5 
18.1 

lai 

16.6 
15.8 
14.4 
12.3 

las 

lao 
lao 
lao 

9.6 
9.2 

8.7 
8.6 
&2 
8.1 
&2 

8.7 
9.1 

a? 

8.2 
8.0 

7.5 
6.8 
6.6 
7.0 
9.3 

12.8 
13.4 
15.5 
16.3 
15.4 

16.9 
15.0 
13.4 
11.4 

lao 

9.0 
8.7 
9.0 
10.3 
12.3 

12.3 
11.2 
11.3 
10.9 

ia4 

9.3 
9.4 
9.5 
9.0 
9.6 

10.2 
9.5 

a7 

7.7 
8.2 

7.8 
9.0 

ia6 

11.8 
13.6 

14.4 
14.0 
14.5 
14.9 
14.8 

14.9 
13.8 
12.1 

ia9 
lao 

9.3 
&9 
8.8 
8.7 
7.9 

7.2 
8.0 

ia7 

11.2 

lao 

9.6 
&5 
7.6 
6.9 
6.2 

5.5 
5.6 
6.0 
&6 
6.3 
6.0 

15.2 
16.6 
16.7 
15.6 
14.5 

12.6 
11.6 
12.0 
14.3 
14.5 

14.0 
13.2 
12.0 

ia8 
ia5 

11.3 
10.6 
9.8 
&9 
8.5 

7.3 
7.2 
8.7 
9.1 
7.9 

7.0 
0.2 
5.6 
5.3 
5.0 
7.0 

5.6 
6.S 
6.0 
7.3 
7.6 

7.8 
&2 
7.6 
6.6 
6.0 

5.6 
5.5 
5.0 
4.5 
4.4 

8.7 
3.4 
3.8 
3.0 
3.2 

2.9 
2.7 
3.0 
4.5 
4.5 

4.2 
3.6 
3.3 
3.5 
4.0 

0.2 
9.0 
7.5 
7.1 
6.5 

6.5 
5.2 
4.9 
4.5 
4.1 

3.8 
3.5 
3.3 
3.2 
3.5 

3.6 
2.7 
2.7 
4.2 
5.1 

3.4 
4.3 
4.0 
3.8 
4.1 

3.5 
3.3 
2.4 
2.3 
2.8 

8.7 
4.8 
4.8 
4.4 

4.7 

5.1 
4.8 
4.2 
8.7 
8.0 

2.8 
3.0 
3.0 
3.7 
8.7 

3.3 
8.8 
3.2 
3.1 
3.2 

2.6 
2.0 
3.0 
2.8 
3.0 

2.8 
2.9 
2.3 
2.7 
3.0 
2.8 

2.8 
2.4 
2.1 
2.4 
2.3 

2.3 
2.2 
2.3 
2.4 
2.2 

2.6 
2.0 
2.2 
2.4 
1.8 

2.2 
2.0 
2.4 
2.0 
1.3 

1.8 
2.0 
1.9 
2.0 
3.0 

2.0 
3.0 
3.5 
2.2 
1.9 
1.5 

2.7 
2.8 
2.7 
2.4 
2.7 

3.0 
8.0 
2.6 
2.7 
2.2 

2.4 
2.1 
2.0 
2.0 
1.6 

1.7 
2.2 
1.8 
1.8 
2.6 

2.6 
2.2 
2.0 
1.8 
1.8 

.8 
1.6 
1.6 
1.6 
1.6 
1.6 

1.9 
1.6 
1.0 
1.6 
2.2 

2.0 
2.9 
2.8 
2.6 
3.3 

2.6 
3.0 
2.7 
2.5 
2.3 

2.0 
2.2 
2.5 
2.5 
2.2 

2.3 
2.5 
2.0 
2.5 
2.7 

3.0 
3.2 
3.4 
3.0 
2.8 
.8 

1.5 
2.0 
2.3 
2.7 
2.7 

2.0 
2.4 
2.6 
2.5 
2.7 

2.4 
2.6 
S.3 
2.5 
2.0 

2.4 
2.8 
2.9 
3.4 
3.1 

2.8 
1.9 
1.8 
5.0 
6.5 

5.2 
4.2 
3.7 
4.1 
7.1 

1.4 
2.0 
2.2 
1.9 
2.0 

1.4 
1.6 
1.6 
2.0 
2.2 

1.0 
.0 
.9 
.9 

1.0 

1.5 
1.5 
2.1 
1.9 
2.0 

1.9 
2.0 
1.8 
1.9 
1.5 

1.0 
.6 
.4 

1.5 
.3 

8.0 
8.0 
7.2 
6.9 
7.0 

7.2 
&6 
6.0 
8.5 
9.5 

9.1 
8.7 
8.5 
8.6 
7.9 

7.4 
6.7 
6.2 
5.5 
4.9 

4.6 
4.6 
4.5 
4.2 
4.1 

3.8 
3.4 
4.6 

ia6 

17.0 
17.7 

1.3 
1.1 
.8 
1.4 
1.8 

2.4 
2.6 
2.4 
2.4 
1.5 

L6 
.3 
.8 

1.1 
.0 

1.1 
1.6 
1.6 
1.7 
3.1 

2.6 
2.3 
2.2 
2.1 
1.7 

2.0 
2.1 
1.6 
1.0 
1.7 
1.4 

15.5 
12.5 
11.9 
16.0 
l&O 

14.6 
16.7 
2a7 
2a6 
18.1 

15.6 
13.1 
11.2 
0.8 
8.7 

8.0 
7.1 
&9 
6.6 
&5 

6.4 

e.1 

6.0 
6.8 
&8 

6.4 
6.3 

e.0 

5.8 
5.7 

.6 

.5 

1.8 

2.9 

2.3 

2.2 
XO 
2.4 
1.5 
1.4 

1.3 

.3 

.1 

1.2 

1.7 

1.0 
1.8 
1.7 
1.6 
1.4 

1.3 

1.9 
1.6 
1.6 
1.6 

1.2 
.1 
.4 

.8 
.7 

5.5 

2 

5.4 

3 

4.9 

4 

4.3 

6 

3.7 

6 

4.5 

7 

3.8 

8 

3.9 

9 

3.7 

10 

4.6 

11 

9.2 

12 

119 

13 : 

14.8 

14..: 

13.8 

15 

12.1 

16 

lao 

17 

8.8 

18 

7.7 

19 

7.2 

2a. 

6.3 

21 

5.8 

22 *. 

5.5 

23 

5.4 

24...: 

8.2 

25 

ia8 

26 

12.3 

27 

11.3 

28 

9.8 

29 

9.3 

30 

9.8 

31 

ia8 

1908. 
1 

2.0 

2 

1.2 

3 

1.6 

4 

2.7 

6 

2.5 

6 

1.7 

7 

3.5 

8 

1.8 

9 

1  1 

10 

.6 

11 

1.2 

12 

1.8 

13 

1.1 

14 

LO 

15 

L5 

16 

1.4 

17 

1.7 

18 

2.1 

19 

1.9 

20 

2.3 

21 

2.1 

22 

1.9 

23 

2.4 

24 

1.9 

25 

ZO 

26 

1.4 

27 

1.0 

28 

.6 

29 

1.4 

30 

1.8 

31 

2.1 
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ISRAEL  BIVEB   (bELOW  SOUTH  BBANCH)  NEAB  JEFFBBSON  HIGHLANDS, 

N.    H. 

This  station  which  was  established  September  2,  1903,  in  coopera- 
tion with  the  New  Hampshire  Forestry  Commission,  was  taken  over 
by  the  United  States  Geological  Survey  in  1904  and  was  discontinued 
May  1,  1907.  It  was  located  at  a  small  wooden  highway  bridge 
about  2  miles  from  the  railway  station  at  Jefferson  Highlands,  N.  H., 
in  the  town  of  Jefferson. 

It  was  about  one-fourth  mile  below  the  confluence  of  the  South 
Branch,  which  drains  an  area  of  about  10.5  square  miles.  The  head- 
waters of  Israel  River  reach  an  elevation  of  5,000  feet,  in  the  Presi- 
dential Range,  there  is  no  storage,  and  most  of  the  area  is  in  forest. 
The  underlying  rock  is  granite,  exposed  in  the  mountain  tops. 

During  the  winter  months  the  discharge  was  so  affected  by  ice  that 
records  could  not  be  obtained.  Conditions  for  obtaining  accurate 
discharge  data  during  the  rest  of  the  year  are  fairly  good.  A  good 
rating  curve  has  been  developed,  and  since  and  including  1906  the 
results  at  this  station  are  satisfactory.  Prior  to  that  time  they  are 
probably  not  as  good,  owing  to  carelessness  of  the  observer. 

The  gage  datum  remained  the  same  during  the  maintenance  of  the 
station. 

DttUygage  height^  in  feet,  of  Israel  River  (below  Souih  Branch)  near  Jefferson  Highlands ^ 

N.  H.,  for  1907, 

[William  Russell,  observer.] 


Day. 

Mar. 

Apr. 

Day. 

Mar. 

Apr. 

Day. 

Mar. 

1.06 
1.05 
1.5 
1.9 
1.25 

1.2 

1.2 

1.6 

4.15 

4.75 

2.3 

Apr. 

L75 

11 

1.6 
1.5 
1.6 
1.6 
1.6 

1.6 
1.8 
1.9 
1.8 
1.8 

21 

1.7 

2                           ' 

12 

22... 

1  9 

3 1 

13     

23. 

2  1 

4                           1 

14 

24 

2.5 

16 

25 

2  4 

., 1 

26     .     .. 

2.35 

17 

27 

2.2 

18 

28    ... 

2  4 

19 

1.1 
1.05 

29 

1.9 

10 

20 

30 

1.9 

31 

NoTK.^Riyer  probably  frosen  from  January  1  to  March  18. 

Rating  table  for  Israel  River  {below  South  Branch)  near  Jefferson  Highlands,  N,  H., 

for  1905-1907, 


If  1 

charge. 

Ga£e 
height. 

Dis- 
charge. 

height. 
Feet. 

Dis- 
charge. 

helX. 

Dis- 
charge. 

Sec.-ft, 

Feet. 

Sec.-ft. 

Sec.-ft. 

Feet. 

Sec.'ft. 

1.00 

10 

1.90 

128 

•    2.80 

385 

3.70 

(i55 

1.10 

15 

2.00 

154 

2.90 

414 

3.80 

686 

1.20 

21 

2.10 

182 

:    3.00 

443 

3.90 

717 

i.ao 

29 

2.20 

211 

3.10 

473 

4.00 

748 

1.40 

39 

2.30 

240 

3.20 

503 

4.20 

812 

1.50 

61 

2.40 

269 

3.30 

533 

4.40 

876 

1.60 

66 

2.60 

298 

3.40 

563 

4.60 

941 

1.70 

84 

2.60 

327 

3.50 

693 

4.80 

1,007 

1.80 

105 

2.70 

356 

3.60 

624 

1 

NoTi.— The  above  table  is  not  applicable  for  ice  or  obstructed-ohannel  conditions.    It  is  based  on  dis- 
charge measurements  made  during  ld03-1906  and  is  well  defined  between  gage  heights  0.9  foot  and  2.6  feet. 
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SURFACE  WATER  SUPPLY,  1907-8. 


Monthly  di§charg€  of  Itratl  River  (below  South  Branch)  near  Jefferaon  HigkkauU^  N.  H,, 

for  1907, 

[Drminac*  an*,  21^  square  miles.] 


Discharge  In  seoond-feet. 

Run-off 

(depth  in 

incneson 

draina^ 

area). 

Mooth. 

if#Ttinmn. 

jbuuihuiii* 

Mean. 

Per 
square 
mile. 

.Vcca- 
racy. 

Mftr^h  PU?3t 

990 
298 

12 
51 

184 
122 

&68 
5.75 

4.20 
&42 

C. 

April 

B. 

AMMONOOSUC   RIYER  AT   BRETTON   WOODS,    N.  H. 

The  headwaters  of  Ammonoosuc  River  are  on  the  westeriy  slopes 
of  Mount  Washington  and  Mount  Jefferson,  and,  except  at  th^e 
higher  altitudes,  the  basin  is  forested.  The  slopes  are  generally 
steep,  and  no  storage  is  available. 

The  gaging  station,  which  was  established  August  28,  1903,  in 
cooperation  with  the  New  Hampshire  Forestry  Commission,  was 
taken  over  by  the  United  States  Greological  Survey  in  1904  and  main- 
tained until  May  1,  1907.  It  is  located  at  the  steel  highway  bridge 
near  the  Mount  Pleasant  House  at  Bretton  Woods. 

The  station  site  is  about  H  miles  above  the  confluence  of  Cherry 
Mountain  Brook  and  about  3^  miles  above  that  of  Zealand  River. 

During  the  winter  months  the  discharge  is  so  affected  by  ice  that 
records  could  not  be  obtained.  Conditions  for  obtaining  accurate 
discharge  data  during  the  rest  of  the  year  are  rather  poor,  owing  to 
the  shifting  character  of  the  river  bed. 

The  gage  datum  remained  the  same  during  the  maintenance  of  the 
tation. 

Daily  gage  height,  in  feet,  of  Ammonoosuc  River  at  Bretton  Wood»,  N.  H.,  for  19C7. 

[John  Paige,  ohserver.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr.    1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

1.78 
1.82 
1.72 
1.86 
2.0 

1.96 
1.88 
1.82 
1.80 

1.52 
1.58 
1.66 
1.70 
L66 

1.65 

!!!!!!!! 

2.45 
2.22 
2.12 
2.10 
2.22 

2.28 
2.15 
2.10 
2.00 
1.90 

1.90 
1.90 
1.92 
1.90 
1.82 

16 

1.65 

1.90 

2 

17 

1.88 

3 

18 

1.80 

4 

19 

2.06 
2.20 

1.90 

6 

20 

1.8S 

6 

21 

1.80 

7 

21. 

1.82 

8 

1.60 
1.65 
1.65 

1.55 
1.66 
1.55 
1.60 
1.62 

23 

125 

9 

24 

3.30 

10 

25 

1.80 
1.60 

1.70 

1.60 
1.62 
2.15 
3.22 
3.55 
2.88 

2.72 

u 

26 

2.95 

12 

1.70 

27 

3.32 

13  .. 

28 

3.30 

14 

29 

3.92 

16 

1.66 

30 

4.45 

31 

1.50 

Note.— River  frozen  over  from  about  January  10  to  Maroh  24.    During  the  frocen  period  gage  heights 
were  taken  to  water  surface  in  a  hole  in  the  ice. 
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Bating  table  for  Ammonoositc  River  at  Bretton  WoodSy  N.  H.,for  1906-7. 


bdgEt. 

DIs- 
eharge. 

heigSt. 

Dis- 
charge. 

Oage 
height. 

charge. 

Oage 
hel^t. 

Dis- 
charge. 

Feet. 

s«.^. 

Fiet. 

"-ifi- 

Feet. 

8ee.^t. 

Feet. 

Sec.-fl. 

1.60 

2.40 

3.20 

388 

4.00 

720 

1.70 

36 

2.50 

160 

3.30 

428 

4.10 

770 

1.80 

40 

2.60 

186 

'3.40 

460 

4.20 

816 

1.90 

SI 

2.70 

218 

3.60 

610 

4.30 

860 

2.00 

70 

2.80 

243 

3.60 

662 

4.40 

906 

2.10 

84 

2.90 

276 

3.70 

606 

4.60 

960 

2.20 

100 

8.00 

810 

3.80 

638 

2.ao 

118 

8.10 

348 

3.90 

682 

NoTS.— The  above  table  Is  not  applicable  for  Ice  or  obstraoted-chazmel  conditions.    It  Is  based  on  dis- 
charge meMurements  made  daring  1906  and  Is  not  well  defined. 

Monthly  discharge  of  Ammonootiic  River  at  Bretton  Woodsy  N.  H.^for  1907. 
(Drainage  area,  34  square  miles.] 


Uooth. 


Dischaige  In  second-feet 


Maxlnom. 


Mean. 


Per 
square 
mile. 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


Accu- 
racy. 


Janaaryl-9 
Marrh  26-31 
April 


70 
631 
928 


62.0 
197 
169 


1.68 
6.79 
4.97 


a  51 
1.61 
5.64 


ZEALAND  BIVEB   NEAB  TWIN   MOUNTAIN,   N.   H. 

The  headwaters  of  Zealand  River  lie  in  a  spur  of  the  White  Moun- 
tains at  an  elevation  of  about  3,000  feet.  Slopes  are  steep,  there  is 
no  storage,  and  the  basin  was  deforested  about  fifteen  years  ago.  It 
is  now  mostly  covered  with  poplar  and  cherry,  affording  a  thick 
cover  in  summer  but  Uttle  in  winter. 

The  gaging  station,  which  was  established  August  29,  1903,  in 
cooperation  with  the  New  Hampshire  Forestry  Commission,  was 
taken  up  by  the  United  States  Geological  Survey  in  1904  and  dis- 
continued May  1,  1907.  It  was  located  about  800  feet  above  the 
confluence  of  the  river  with  the  Ammonoosuc,  at  a  point  about  mid- 
way between  Fabyans  and  Twin  Mountain. 

Ice  prevented  records  during  the  winter  months.  Conditions  for 
obtaining  accurate  discharge  data  during  the  rest  of  the  year  have 
been  rather  poor  owing  to  occasional  settlement  of  the  gage. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  gage. 


Digitized  by  VjOOQ  IC 


156 


StmPACS  WATEB  SUPPLY,  1907-8. 


Daily  gage  height^  in  ftet,  of  Zealand  River  near  Twin  Mountain,  N.  H.^/or  1907. 

[Charles  Gote,  observer.] 


Day. 

Apr. 

8.0 
2.9 
3.0 
2.9 
2.9 

2.86 

2.8 

2.76 

2.7 

2.8 

Day. 

Apr. 

i           i>»y. 

Apr. 

1 

11 

2.8 

2.76 

2.7 

'  21 

22 

3.0 
2.95 
2.9 
2.8 
4.4 

4.2 
4.05 
4.0 
4.6 

4.8 

2 

12 

3 

13 

23 

4 

14 

2.6 
2.6 

2.6 
2.6 
4.8 
2.8 
2.9 

24...  .            

6 

15 

25 

6 

16 

26 

7 

17 

27 

28  .                 

8                    

18..                

e 

19 

29 

10                    

20...   .            

30..                 

1 

NoTB.— River  probacy  froien  from  January  1  to  about  March  31. 

Rating  table  for  Zealand  River  near  Twin  Mountain,  N.  H.,foT  1906-7. 


hdS^t. 

Dis- 
charge. 

Oace 
hdght. 

Dis- 
charge. 

Oage 
hdght. 

Dis- 
charge. 

Gage  I     DIs- 
hel^t.!  charge. 

Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 

78 
100 
127 
166 
188 

1   Feet. 
1    3.20 

3.30 
,    8.40 
1    3.60 
'    3.60 

3.70 

267 
293 
330 
368 

406 

Fut. 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 

aee.-ft. 
446 
485 
626 
667 
609 
662 

Feet. 
4.40 
4.60 
4.60 
,    4.70 
4.80 

740 
786 
831 
878 

NoTB.— The  above  table  Is  not  applicable  for  loe  or  obstructed-channel  conditions.  It  Is  based  on  4 
discharge  measurements  made  during  1906  and  Is  merged  with  the  1905  curve  at  gage  height  2.6  feet. 
It  Ufairly  well  defined. 

Monthly  dUcharge  of  Zealand  River  near  Twin  Mountain,  N.  H.,for  IWI. 

[Drainage  area,  14  square  miles.] 


. 

Discharge  In  seoond-fset. 

Rmwrff 

dralD&se 

area). 

Month. 

Maximum. 

Minimum* 

Mean. 

Per 
square 
mUe. 

April 

878 

60 

245 

17.5 

19.52 

Note. — Accuracy  of  the  above  values  very  doubtful,  owing  to  settlement  of  gage  and  owing  to  the  fod 
that  the  rate  of  run-ofi  per  square  mile  Is  much  greater  than  that  at  either  of  the  two  preceding  stations. 

ASHUELOT   RIYER  AT  HINdDAXA,   N.   H. 

Ashuelot  River  is  a  rather  important  stream  for  power,  rising 
in  the  town  of  Washington,  Sullivan  County,  N.  H.,  and  running 
in  a  general  southwesterly  direction  about  4.6  miles  to  Connecticut 
River  near  Hinsdale.  Its  drainage  basin^  comprising  approximately 
442  square  miles,  includes  Mount  Monadnock  and  is  to  a  considerable 
extent  forested.  Water  is  stored  for  power  at  several  ponds  and 
reservoirs  in  the  basin. 

The  gaging  station  is  located  at  the  lower  highway  bridge  in  the 
town  of  Hinsdale,  about  one  fourth  mile  below  the  dam  used  jointly 
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by  the  Fiske  Paper  Company  and  the  Haile  &  Frost  Manufacturing 
Company,  and  was  established  February  22,  1907,  in  cooperation 
with  Charles  Bigelow,  treasurer  of  the  Haile  &  Frost  Manufacturing 
Company,  to  obtain  general  statistical  and  comparative  data  regard- 
ing the  flow  of  the  Ashuelot.  It  is  about  2  miles  above  the  mouth 
of  the  river,  but  as  there  is  considerable  fall  below  there  is  no  back- 
water influence  except  possibly  at  very  high  stages  of  the  Connecticut. 
The  use  of  water  at  the  dam  at  Hinsdale  causes  some  daily  fluctuations 
in  stage  during  low-water  season. 

The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station.  During  the  winter  discharge  is  affected  by  ice. 
Conditions  for  obtaining,  accurate  discharge  data  are  good,  and  a 
fairly  good  rating  curve  has  been  developed. 

Discharge  measuremenU  of  Aahiielot  River  at  Hinsdale^  N,  H,,  in  1906-1908, 


Date. 

Hydrograpber. 

Width. 

Area  of 
secUon. 

Oase 
height. 

Die. 
charge. 

1906. 
October  31 

F.  E.  Pressey 

Fed. 
120 

134 
134 
128 

125 
142 
142 
HI 

156 
442 
285 

274 

610 

600 

•154 

Fui, 
3.24 

3.70 
4.74 
3.94 

3.93 
6.25 
6.06 
2.90 
3.48 

^"•4 

1907. 
Februwy  22a . . 

Aprils 

September  26... 

1908. 
March  3 

Butterfield  and  Mention 

165 

R.  A.  Mention. 

1,780 
680 

D.M.Wood 

D.M.Wood 

553 

March  30.     ... 

do 

3,380 

3,060 

158 

March  31 

do 

September  23... 
December  23  ft.. 

do 

Wood  and  French 

127 

aMeasorement  made  mider  ice  conditions.  Right  channel  open  about  2  feet  at  station  130  and  whole 
chaimel  filled  with  piled  up  ice.    Left  channel  aU  frosen.    Poor  winter  conditions. 

^Partial  Ice  conditbns,  Left  channel  open;  right  channel  filled  with  piled  up  ice.  Water  flowing  slightly 
over  Soe  in  places. 

Daily  gage  height^  in  feet,  of  Ashuelot  River  at  Hinsdale,  N.  H.,  for  1907 S, 
[Dyson  Raine,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.0 
1 

5.95 
5.45 
4.95 
4.80 
4.75 

4.78 
4.60 
4.42 
4.38 
4.35 

4.32 
4.38 
4.52 
4.60 
4.68 

4.45 
4.36 
4.30 
4.25 
4.42 

4.35 
4.30 
4.18 
4.10 
4.02 

3.95 
3.95 
3.88 
3.82 
3.72 

3.80 
3.70 
4.18 
4.78 
4.65 

4.85 
4.92 
4.66 
4.32 
4.15 

4.08 
3.92 
3.78 
3.72 
3.65 

3.55 
3.72 
3.55 
3.42 
3.15 

3.30 
3.20 
3.22 
3.15 
3.20 

3.08 
3.52 
4.05 
3.80 
3.48 

3.28 
3.20 
3.20 
3.15 
3.28 

3.25 
3.35 
3.28 
3.20 
3.18 

2.78 
3.18 
3.18 
3.12 
3.10 

2.95 
2.72 
3.00 
3.00 
3.32 

3.32 
3.38 
3.12 
3.10 
3.18 

3.18 
3.68 
3.70 
3.62 
3.22 

5.42 
4.78 
4.26 
4.12 
4.42 

4.26 
4.06 
4.16 
4.80 
4.70 

4.46 
4.32 
4.25 
4.18 
4.10 

5.45 
4.98 
5.68 
6.20 
5.78 

5.28 
6.30 
6.88 
6.42 
5.60 

5.30 
6.00 
4.78 
4.66 
4.52 

3.88 

2 

I 

3.90 

3 

1 

3.88 

4 

1 

3.80 

5 

3.78 

6 

1 

3.72 

7 

3.55 

8 

3.58 

9 

3.62 

10 

3.90 

11 

1 

5.80 

12 

1 

6.38 

13 

.  1 

5.68 

14 

4.95 

15 

4.40 

a  Discharge  probably  not  affected  by  ice  conditions  during  March  and  December,  1907. 
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DttUy  gage  height,  in  feet,  qf  AMhudoi  River  at  HhwdaU,  N.  H.,/or  1907^8— Continntd, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Mmy. 

June. 

July. 

Ang. 

S^t. 

Oct. 

Nov. 

Dee. 

1907. 
1«. 

4.80 
4.78 
4.72 
4.58 
4.48 

4.82 
4.22 
4.22 
4.52 
5.28 

5.38 
5.00 
4.88 
4.72 
4.56 

5.50 
5.10 
4.88 
4.72 
4.45 

4.45 
4.58 
4.62 
4.98 
5.12 

4.98 
4.90 
4.80 
4.68 
4.55 

4.00 
4.58 
4.45 
4.52 
4.82 

4.72 
4.55 
4.88 
4.35 
4.35 

4.40 
4.55 
4.55 
4.78 
5.00 

8.72 
4.85 

4.88 
4.58 
4.25 

4.12 
8.95 
8.80 
8.72 
8.72 

8.00 
8.72 
4.12 
4.10 
8.92 
8.78 

5.00 
5.00 
5.02 
5.12 
4.90 

4.72 
4.52 
5.06 
5.55 
5.65 

5.22 
4.88 
4.65 
4.55 

4.78 

4.75 
4.52 
4.38 
4.18 
4.08 

4.00 
4.02 
4.06 
3.95 
3.92 

8.85 
3.80 
3.82 
8.72 
3.00 
4.18 

8.55 

8.50 
8.60 
3.35 
8.42 

8.18 
8.85 
8.06 
8.35 
8.18 

8.25 
8.55 
8.72 
8.48 
1.60 

4.88 
4.40 
4.06 
8.85 
8.75 

8.02 
8.45 
3.45 
8.50 
8.40 

8.82 
8.28 
3.22 
2.95 
3.12 

3.25 
3.22 
3.20 
3.10 
3.05 

2.72 
3.06 
8.02 
3.15 
3.10 

3.10 
3.08 
2.90 
3.05 
2.88 

8.25 
8.40 
8.70 
8.00 
8.48 

8.88 
8.82 
8.60 
8.42 
8.66 

8.72 
8.65 
3.30 
8.80 
8.32 
3.80 

8.02 
8.02 
8.06 
2.92 
Z92 

8.06 
8.15 
3.05 
2.92 
Z52 

2.90 
2.82 
2.80 
2.78 
2.75 

2.50 
2.62 
2.00 
2.62 
2.70 

2.98 
8.00 
8.06 
3.05 
3.20 

3.72 
8.48 
8.32 
3.15 
8.00 
8.02 

8.00 
2.75 
Z62 

zn 

8.02 

8.U) 
8.05 
8.00 
2.92 
8.00 

2.66 
2.92 
2.90 
2.92 
2.62 
Z92 

8.66 
8.06 
2.65 
8.10 
2.96 

8.25 
3.65 
8.58 
8.38 
8.32 

3.25 
8.16 
8.15 
8.40 
8.25 

8.15 
2.85 
8.30 
8.22 
8.22 

8.12 
3.06 
ZW 
2.96 
3.10 

8.00 
8.18 
8.12 
3.12 
2.88 
296 

8. 25 
3.20 
8.18 
8.15 
8.10 

8.06 
2.90 
2.96 
4.15 
4.28 

4.02 
8.75 
8.58 
4.10 
6.60 

Z93 
2.95 
8.10 
2.85 
2.78 

2.40 
2.96 
2.92 
2.58 
2.96 

2.02 
2.76 
2.55 
2.78 
2.00 

2.56 
2.46 
2.70 
2.78 
2.85 

2.48 
2.50 
2.58 
2.80 
2.70 

2.80 
2.72 
2.62 
2.72 
2.68 

4.00 
8.68 
3.82 
8.75 
3.62 

8.75 
8.72 
8.70 
3.68 
8.62 

3.68 

8.82 
8.92 
5.85 
6.28 
6.22 

2.53 
2.66 
2.76 
2.58 
Z80 

2.70 
2.40 
2.85 
Z68 
2.76 

2.56 
2.62 
2.35 
2.46 
2.76 

2.68 
2.75 
ZS2 
2.22 
Z40 

2.55 
2.50 
2.88 
2.35 
2.38 

2.25 
2.75 
2.72 
2.68 
2.72 
2.90 

4.88 

4.20 
4.U 
4.12 
4.10 

4.06 
4.12 
4.15 
4.00 

4.0 

17 

4.19 
4.80 
4.55 
4.32 

4.15 
4.15 
4.38 
5.05 
5.08 

4.85 
4.82 
5.18 
5.08 
6.10 
6.22 

8.78 
3.78 
3.88 
8.92 
3.88 

3.88 
3.68 
8.72 
3.72 
8.72 

3.70 
3.80 
4.15 
4.70 
5.35 

5.75 
5.00 
5.10 
4.70 
4.45 

4.30 
4.25 
4.35 

4.85 
5.65 

5.40 
5.50 
5.75 
5.90 
6.20 
6.00 

4.48 

18 

4.  IS 

19 

4. 25 

20 

4.00 

21 

4.08 

22 

3.9S 

23 

4.18 

24 

LS 

26 

4.10  1    5.0 

20 

4.12  \    &.3S 

27 

4.10 
4.05 
4.02 
3.06 

2.78 
2.32 
2.85 
2.62 
2.60 

2.75 
2.62 
2.80 
2.86 
2.45 

2.-62 
2.72 
^43 
2.70 
2.50 

148 
2.72 
2.68 
2.55 
2.52 

2.68 
2.40 
2.52 
2.48 
2.75 

2.55 
2.82 
2.65 
2.48 
2.62 

4.K 

28 

4.75 

28 

4.70 

30 

4.70 

31 

4.9S 

1906/1 
1 

4.82 
4.62 
4.52 
4.18 
4.12 

4.18 
4.48 
4.48 
4.58 
4.42 

4.32 
4.32 
4.68 
4.88 
4.58 

4.38 
4.22 
4.12 
3.98 
4.02 

4.02 
3.92 
3.82 
3.88 
3.82 

3.88 
4.08 
4.52 
4.18 
4.22 
4.12 

4.22 

4.88 
5.32 
6,58 
5.68 

5^78 
6.88 
6.02 

6.68 
6.38 
5.62 
4.68 
4.28 

4.22 
4.18 
3.98 
3.88 
3.82 

8.78 
3.88 
3.92 
3.82 

2.92 

2 

2.78 

8 

190 

4 

2.35 

6 

2.62 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

a48 

24 

25 

26 

2K^ 

27 

28 

2.72 

29 

191 

30 

8.00 

31 

185 

a  January  1  to  26  discharge  probably  only  sUghtly  affected  by  loe  oonditkma.    loe  oonditioins  January 
27  to  February  15  and  December  6  to  31,  1906. 
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Oace 
height. 

Dto- 
chaige. 

hal^. 

Dto. 
charge. 

heSgETt. 

Dto- 
charge. 

hS^t. 

Dte. 
charge. 

Feet. 

aec-ft. 

Feet. 

8tc.-ft. 

Feet. 

See.-ft. 

Fiet. 

8ee.-ft. 

2.30 

46 

3.50 

355 

4.80 

1,400 

0.10 

3,120 

2.ao 

63 

3.60 

405 

4.90 

1,510 

6.20 

3,280 

2.40 

62 

3.70 

460 

5.00 

1,620 

6.30 

3,440 

2.50 

73 

3.80 

520 

5.10 

1,740 

6.40 

3,600 

2.60 

86 

3.90 

585 

5.30 

1,880 

6.50 

3,770 

2.70 

102 

4.00 

660 

5.30 

1,900 

6.60 

3,940 

2.80 

121 

4.10 

735 

5.40 

2,120 

6.70 

4,120 

2.90 

144 

4.30 

815 

5.50 

2,260 

6.80 

4,300 

3.00 

170 

4.30 

900 

5.60 

2,390 

6.90 

4,480 

3.10 

200 

4.40 

990 

5.70 

2,530 

7.00 

4,670 

8.20 

233 

4.50 

1,090 

5.80 

2,670 

3.30 

270 

4.60 

1,190 

5.90 

2,820 

• 

3.40 

311 

4.70 

1,290 

6.00 

2,970 

NoTK.— The  above  table  Is  not  applicable  for  ice  or  obstructed-chaimel  conditions     It  is  based  on  6  dis- 
charge measurements  made  during  1906-1908,  and  is  well  defined  above  gage  height  2.8  feet. 

Monthly  discharge  of  Ashuelot  River  at  Hinsdale ^  N.  H.f/or  1907-S. 
[Drainage  area,  440  square  miles.] 


Month. 


Discharge  in  second-feet. 


\f^T|tn^iTn, 


Mi^iwiUTn. 


Mean. 


Per 
square 
mile. 


Run-off 
(depth  in 
incnes  on 
drainage 
area). 


Accu- 
racy. 


March  17-31. 
April 

Miy 

June 

July 

August 

September.. 

October 

November.. 
December... 


1907. 


3,310 
2,900 
1,490 
1,560 
608 
290 
2,260 
3,410 
4,440 
3,670 


775 
832 
405 
194 
194 
80 
112 
278 
646 
380 


1,660 
1,320 
738 
594 
343 
187 


1,560 
1,170 


3.56 
3.00 
1.68 
1.35 
.780 
.425 
.884 
2.24 
3.52 
2.66 


1.96 

3.36 

1.94 

1.51 

.90 

.49 

.99 

2.68 

3.93 

3.07 


January 

February.. 

March 

AprU 

Y^y 

June 

July 

August 

September. 

October 

November. 
December.. 


1906. 


1,490 

4,080 

3,280 

2,260 

2,460 

1,170 

472 

432 

200 

144 

132 


449 
946 
406 
106 
73 
94 
63 
47 
66 


The  year. 


4,060 


47 


840 

821 
1,360 
1,300 
1,160 

322 

171 

222 

111 
86.7 
88.1 

132 


1.91 
1.87 
3.09 
2.95 
2.61 
.732 


.262 
.197 
.200 
.300 


2.20 
2.02 
3.66 
3.29 
3.01 
.82 
.46 


.23 
.22 
.35 


650 


1.25 


17.01 


Note.— Discharge  during  the  frozen  periods,  1908,  based  on  cUmatological  reports  and  one  measurement 
made  under  ice  conditions. 

8ec.-ft. 

Discharge  January  27  to  31. 1908 600 

February  1  to  15, 1908 400 

December  6  to  31, 1908 136 
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MILLERS   RIVER   NEAR   FARLEY   STATION,    MASS. 

During  October,  1908,  a  series  of  measurements  of  dischai^  of 
Millers  River  were  made  at  the  plant  of  the  Farley  Paper  Company, 
Farley  Depot,  Mass.,  by  Fowler  &  Toquet,  of  Sprhigfield,  Mass.,  who 
supplied  the  following  data: 

The  discharge  was  measured  by  using  the  head  gates  of  the  cana] 
as  submerged  orifices.  The  canal  gates  are  of  wood,  4  inches  thick, 
and  the  siUs,  guides,  etc.,  are  of  10-inch  stock  with  all  edges  squared. 
The  head,  acting  to  cause  discharge  was  small,  averaging  only  about 
0.15  to  0.25  of  a  tmot  during  the  time  of  measurements,  and  the 
results  are  probably  subject  to  some  error. 

Gage  readings  were  taken  every  half  hour  for  a  period  of  a  week, 
beginning  October  23,  with  the  following  results: 

Mean  discharge  of  Millers  River  for  twenty-four  hoxtrs, 

Sec-ft. 

October  23 88. 2 

24 69. 4 

25  (Sunday) 30. 8 

26 65. 9 

27 73. 0 

28 87. 4 

29 97.  2 

Mean  for  week,  October  23-29 73. 1 

Drainage  area  at  this  point  is  about  380  square  miles. 

WARE    RIVER    NEAR   WARE,    MASS. 

Ware  River  is  formed  in  the  town  of  Barre,  by  the  union  of  several 
small  streams.  The  surrounding  country  is  hilly  and  largely  cleared. 
The  total  drainage  area  comprises  about  162  square  miles  and  is 
tributary  to  Chicopee  River,  which  drains  a  large  section  of  central 
Massachusetts  and  is  the  largest  tributary  of  the  Connecticut  in 
respect  to  drainage  area,  its  basin  containing  730  square  miles. 
Chicopee  River  is  formed  at  Three  Rivers,  by  the  union  in  that 
vicinity  of  Ware,  Swift,  and  Quaboag  rivers;  thence  runs  westward 
about  15  miles,  joining  the  Connecticut  at  Chicopee.  Chicopee 
River  and  its  tributaries  are  quite  important  water-power  streams, 
and  expensive  developments  have  been  made  on  them. 

The  gaging  station,  which  is  located  at  the  steel  highway  bridge 
about  2  miles  above  the  village  of  Ware,  was  established  Septembcnr 
15,  1904,  in  cooperation  with  the  Otis  Company  and  George  H.  Gil- 
bert Manufacturing  Company  of  Ware,  to  obtain  general  information 
regarding  the  flow  of  the  river. 

The  nearest  dam  downstream  is  that  of  the  Otis  Company  at 
Ware,  and  at  times  there  is  probably  backwater  effect  from  this  dam. 
Upstream  the  nearest  dam  is  at  Gilbertville,  a  little  over  a  mile. 
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The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station.  During  the  winter  months  the  discharge  is  usually 
affected  for  short  periods  by  ice.  Conditions  for  making  discharge 
measurements  are  good,  but  the  measurements  do  not  plot  well  on 
the  rating  curve,  either  because  of  occasional  backwater  influence 
from  the  dam  at  Ware  or  changes  in  condition  of  the  channel  due  to 
growth  of  grass  and  weeds  during  the  summer. 

Computations  of  monthly  discharge  are  withheld  pending  the 
collection  of  more  information  regarding  the  conditions  of  flow  at 
this  point. 


Discharge  nuasuremenU  of  Ware  River  near  Ware,  Mass 

.,  in  1907^. 

Date. 

Hydrographer.' 

Width. 

Area  of 
section. 

Oase 
height. 

Dia- 
charge. 

1907. 

April  26 

Ifty  18 

Wood  and  Mention 

Feet. 
83.4 
83.4 
83.4 

83.4 
83.4 
71.0 

167 
343 

151 
134 
83.6 

Feet. 
3.43 
3.35 
5.55 

3.38 
3.14 
2.56 

'"J- 

D.M.Wood, 

408 

September  24  a. 

do 

1,160 

1908. 
March  2 

D.  M.  Wood 

243 

April  25 

do 

310 

September  26... 

Wood  and  French 

96.9 

a  Poor  measurement;  meter  interfered  with  by  floating  grass. 

Daily  gage  height,  in  feet,  of  Ware  River  near  Ware,  Mass.,  for  1907-8. 
[M.  N.  Richards  and  Arthur  Bousquet,  observers.] 


Day. 


1907.0 


2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
U.. 
14.. 
15.. 

16.. 
17.. 
18.. 
\  19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

36.. 
27.. 
28.. 
29.. 
».. 
31., 


Jan. 


5.9 

4.75 

4.3 

4.6 

4.2 

4.1 

3.9 

3.7 

3.85 

3.55 

3.6 
3.4 
3.2 
3.4 
3.25 

3.05 

3.5 

3.1 

3.9 

3.45 

4.15 
3.9 
3.9 
5.1 


Feb. 


Mar.     Apr.     May.    June.    July.     Aug.     Sept. 


5.6 


5.7 


4.3 


3.35 

3.55 

3.3 

3.1 

3.3 

3.6 

3.7 

3.7 

4.1 

4.05 

3.8 

3.7 

3.65 

4.0 

4.6 

4.25 

3.95 

3.85 

3.95 

4.0 

4.0 

4.0 


4.1 
3.9 
3.6 
3.6 
3.5 

3.1 

3.0 

2.95 

3.6 

3.5 

3.5 
3.6 
3.7 
3.45 

3.8 

3.8 
3.7 
3.6 
3.4 
3.35 

3.1 

3.5 

3.35 

3.45 

3.6 

3.5 
3.3 
3.1 
3.0 
3.0 


3.05 

2.9 

2.9 

3.0 

2.7 


2.8 

2.4 

3.1 

3.05 

3.2 


2.7 

3.2 

2.9 

3.15 

3.1 

3.15 

2.75 

2.7 

2.9 

3.0 

2.7 

2.8 

3.0 

2.8 

3.1 

2.7 

3.05 

2.6 

3.0 

2.5 

2.95 

2.55 

2.3 

3.45 

2.4 

3.35 

2.65 

3.3 

2.8 

3.15 

2.75 

3.05 

2.8 

3.a'> 

2.4 

2.95 

2.4 

2.75 

2.5 

2.55 

2.75 

3.4 

2.5 

3. 05 

2.6 

3.25 

2.5 

2.  (K) 

2.5 

2.75 

2.55 

2.6 

2.75 

2.55 

2.85 

2.55 

2.2 

2.3 

2.5 

2.6 

2.55 

2.8 

2.55 

2.55 

2.5 

2.8 

2.7 

2.45 

2.4 

2.5 

2.35 

2.2 

2.5 

2.5 

2.4 

2.6 

2.4 

2. 35 

2.(i5 

2.55 

2.5 


2.8 

2.65 

2.4 

2.5 

2.3 

2.3 
2.5 
2.6 
2.5 
2.15 

2.05 

1.9 

1.95 

1.85 

1.95 

1.85 

2.25 

1.9 

2.2 

2.15 

2.05 

1.8 

1.85 

2.55 

2.65 

2.2 
2.1 
2.15 
2.1     I 
2.0    ' 
1.9 


2.2 
2.0 
2.1 
2.2 
2.9 

2.6 

2.46 

1.9 

2.1 

2.6 

2.85 

2.7 

2.6 

2.1 

1.8 

2.5 

2.7 

2.1 

2.05 

2.15 

2.4 

2.55 

3.0 

5.1 

4.4 

3.6 
3.35 
3.05 
4.15 
3.65 


Oct. 


3.75 

3.4 

3.35 

3.35 

3.6 

3.0 

3.3 

5.05 

5.2 

4.65 

4.2 

3.95 

3.7 

3.6 

3.75 

3.5 
3.15 
3.2 
3.05 


Nov.     Dec. 


4.0 

3.65 

5.05 

5.4 

6.15 

4.5 
6.7 
6.5 
5.8 
5.2 

5.25 
4.8 
4.4 
4.1 
3.6    ' 

4.4    I 
3.45 
3.7 
3.65  ! 


2.6 
3.2 

3.55 
3.55 

3.15 

3.5 

3.2 

3.5 

3.1 

3.1 

3.15 

3.8 

2.95 

4.0 

2.65 

3.9 

2.6 

3.75 

4.5 

3.7 

4.8 

3.5 

4.45 

3.3 

3.3 

3.35 

3.3 

3.35 

3.3 

2.66 

3.1 

3.5 

3.65 

4.45 

4.85 

4.7 

4.6 

4.16 

3.6 
3.7 
3.7 
3.6 
3.4 

3.6 

5.5 

4.2 

5.06 

3.7 

3.7 

4.15 

3.95 

4.05 

4.35 

4.96 


o  Ice  contlitlons  from  about  January  24  to  March  10, 1907. 
16254— IHR  241—10 11 
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Daily  gage  height^  in  feet,  of  Ware  River  near  Ware,  Mass, ,  for  7»07^— Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

lOQB.a 

1 

4.5 

6.1 

3.5 

3.85 

3.26 

8-76 

2.66 

2.2 

2.6 

3.2 

2.35 

2.75 

2 

4.3 

3.8 

3.65 

3.1 

3.6 

2.2 

2.1 

2.9 

3.65 

2.65 

2.6 

3 

3.9 
3.5 

3.86 
3.2 

3.65 
3.3 

3.16 
3.3 

3.36 
3.25 

1.8 
1.9 

2.3 
2.35 

2.6 
2.6 

2.3 
2.6 

X5 
2.45 

2.5 

4 

2.7 

6 

3.3 

3,76 

3.8 

4.0 



2.96 

3.1 
3.0 
3.15 

3.1 

8.4 

3.46 

3.4 

3.3 

8.25 
3.05 
8.8 

3.t 

2.76 

2.3 

2.9 

2.0 

2.65 

2.6 

2.5 

2.66 

2.65 

3.9 

3.76 

2.6 

2.3 

2.15 

2.35 

2.8 

2.7 

2.56 

2.6 

2.45 

1.35 

1.3 

1.85 

2.45 

6 

2.4 

7 

2-6 

8 

3,0 

9 

4.65 

3.05 

3.75 

4.06 

3.0 

2.15 

3.9 

2.45 

2.5 

2.7 

3.1 

10 

4.0 

3.16 

8.7 

3.9 

2.9 

2.2 

2.9 

2.4 

16 

2.7 

3,0 

11 

3.7 

2.95 

3.66 

3.8 

2.76 

1.8 

2.9 

2.66 

2.BS 

2.15 

3,25 

12 

3.65 

3.15 

3.36 

3.6 

2.76 

1.9 

2.96 

1.96 

2.65 

2.1 

2.75 

13 

4.95 

3.8 

3.4 

3.6 

2.06 

2.0 

2.9 

2.36 

2.8 

115 

2.55 

14 

5.0 

3.9 

4.7 

3.3 

3.3 

2.4 

2.65 

3.9 

2.65 

2.8 

1.9 

3.0 

16 

4.3 

7.1 

4.8 

3.36 

3.6 

2.7 

2.6 

3.9 

2.6 

2.95 

2.1 

2.8 

1« 

4.1 

6.95 

6.3 

3.6 

3.2 

2.9 

2.7 

3.2 

2.3 

2.8 

2.65 

175 

17 

3.8 

6.0 

4.8 

3.45 

3.1 

2.6 

2.35 

3.1 

2.5 

2.5 

2,65 

2.75 

18 

3.6 

4.75 

4.05 

3.35 

3.1 

2.4 

2.2 

3.5 

2.76 

1.6 

2,75 

2.75 

19 

3.5 

4.35 

3.8 

3.4 

3.0 

2.6 

2.2 

3.2 

2.4 

2.6 

2.65 

2.5 

20 

3.6 

4.5 

3.75 

3.6 

2.9 

2.5 

2.8 

2.85 

2.26 

2.75 

2.5 

2.45 

21 

3.5 

4.2 

3.6 

3.6 

2.9 

2.2 

2.65 

2.65 

2.36 

2.4 

2.35 

2.7 

22 

3.4 

4.6 

3.45 

3.45 

3.15 

2.4 

2.4 

3.1 

2.6 

2.4 

2.4 

2.8 

23 

3.25 

3.5 

3.55 

3.25 

3.35 

2.2 

2.6 

3.05 

2.75 

2.4 

2.65 

2.8 

24 

4.8 

4.7 

3.75 

3.2 

3.25 

2.2 

2.7 

2.75 

3,0 

2,3 

2.75 

2.65 

25 

4.15 

4.5 

4.0 

3.6 

3.15 

2.66 

2.7 

2.6 

2.7 

1.65 

2.55 

2.0 

26 

4.5 

3.6 

3.8 

2.95 

2.95 

2.6 

2.7 

2.6 

2.3 

2.6 

2,6 

2.3 

27 

4.35 

3.4 

3.9 

3.2 

2.8 

2.1 

2.8 

3.0 

1.9 

2.76 

2.5 

2.1 

28 

4.5 

3.7 

3.4 

3.2 

2.95 

2.15 

3.0 

2.85 

2,2 

2.4 

2,35 

2.85 

29 

3.6 

3.6 

3.75 

3.1 

2.65 

2.45 

2.25 

2,55 

3.1 

2.76 

2.4 

.    2.6 

30 

3.9 

3.6 

3.0 

2.65 

2.6 

2.2 

2.4 

2.85 

2.6 

2.6 

1    2.75 

31 

4.75 

3.9 



3.6 

2.35 

2.8 

2.6 

t    ^« 

o  Ice  conditions  about  January  31  to  February  14, 1906.  Discharge  may  have  been  affected  by  toe  con- 
ditions during  December,  1906.  During  the  frozen  seasons,  1907-8,  gage  heights  are  to  surface  of  water  in 
a  hole  in  the  ice. 

QUABOAG    RIVER    AT   WEST    WARREN,  MASS. 

This  station,  which  was  established  October  22,  1904,  to  obtain 
general  statistical  data  regarding  the  flow  of  this  stream,  upon  which 
there  is  considerable  undeveloped  fall,  was  discontinued  May  1,  1907. 
It  is  located  at  the  dam  of  J.  T.  F.  MacDonnell,  of  Holyoke,  which 
is  leased  by  the  Composite  Leather  Company,  manufacturers  of 
leather  board.  This  dam  is  the  lowest  oiF  the  numerous  dams  in 
Warren  and  West  Warren,  and  is  about  one-foiu-th  mile  below  the 
West  Warren  railroad  station. 

The  dam  is  of  timber  cribwork,  102.7  feet  long,  and  affords  a  fall 
of  about  13  feet.  A  number  of  current-meter  measurements  have 
been  made  to  check  the  computed  flow  over  the  dam.  The  esti- 
mates of  discharge  are  based  on  one  daily  gage  reading  taken  week 
days  just  before  the  mills  start  operation  in  the  morning,  and  in  the 
afternoon  on  Sundays,  the  time  being  chosen  after  a  study  of  auto- 
matic gage  heights  taken  in  1903  by  the  state  board  of  health 
(See  Water-vSupply  Paper  165,  p.  139.)  Thus  only  the  dam  is  used 
at  this  station.     The  observer  is  Amory  Crossman. 
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There  is  little  effect  from  ice  in  winter,  and  the  results  at  this 
station  are  considered  to  be  excellent,  except  during  very  low  water, 
when  they  are  only  fair. 

Daily  discharge,  in  second-feet ,  of  Quaboag  River  at  West  Warren,  Mass.,  for  1907. 


Day. 

Jan. 

"53; 

539 
476 
476 
476 

a  416 
416 
306 
254 
254 

254 

280 

a306 

123 

123 

Feb. 

Mar. 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

141 
161 
a  161 
123 
123 

141 
141 
123 
106 
•  106 

106 
123 
123 
123 
106 

106 
123 
•  123 
123 
123 

123 
89 
89 
89 
•  72 

72 
123 
306 
306 
358 

476 
476 
476' 
446 
446  1 
1 
446 

•  416 
416 
416 
416 

446 
416 
446 

•  446 
675 

16 

476 

476 
476 

•  416 

416 
358 
306 
306 
254 

254 

•  229 
229. 
161 
141 
141 

106 

•  123 
123 
123 
141 

141 
161 
161 

•  206 
205 

205 
123 
106 



476 

•  476 
476 
476 
416 

416 
476 
476 

•  476 
476 

476 
476 
476 
416 
416 

•  476 

671 

2 

17 

476 

3 

18 

476 

4 

5 

6 

7 

19 

20 

21 

22.... 

23 

24 

25 

26 

27 

28 

29 

30 

31 

416 
416 

•  416 

416 

8 

0 

358 
332 

10 

306 

11 

280 
280 

12 

•  254 

13 

14 

15 

254 
254 

• Sunday. 

Monthly  discharge  of  Quaboag  R\ver  at  West  Warren,  Mass.,  for  1907. 
[Drainage  area,  144  square  miles.) 


Month. 


January. 
February 
March... 
April 


Discharge  in  second-feet. 


Maximum. 


539 
205 
476 
676 


MlntrnMiri- 


123 

106 

72 

254 


Mean. 


336 
137 
310 
412 


Per 
square 
mile. 


2.33 

.951 

2.15 

2.86 


Run-off 
(depth  in 
inches  on 

drainage 
area.) 


2.69 

.99 

2.48 

3.19 


WESTFIELD   LITTLE   RIVER   NEAR   BLANDFORD,    MASS. 

• 

Westfield  Little  River  is  formed  by  the  union  of  Peebles  and 
Bprden  brooks  in  the  southern  part  of  the  town  of  Blandford.  The 
headwaters  of  Peebles  Brook  are  in  North  Blandford,  at  an  elevation 
of  about  1,400  feet,  while  at  its  junction  with  Borden  Brook  it  has 
an  elevation  of  about  850  feet — a  fail  of  550  feet  in  a  distance  of 
about  8  miles.  Below  Borden  Brook  the  fall  is  also  very  rapid, 
reaching  an  elevation  of  200  feet  in  the  vicinity  of  West  Parish,  a 
distance  of  6  miles  from  Borden  Brook.  The  drainage  area  at  the 
junction  of  Peebles  and  Borden  brooks  is  about  43  square  miles;  at 
the  mouth  of  the  river,  83.6  miles.  The  slopes  are  very  steep  and 
in  places  precipitous.  The  greater  part  of  the  basin  above  West 
Parish  is  in  forest.  It  is  expected  that  Westfield  Little  River  will 
be  used  as  the  municipal  water  supply  for  the  city  of  Springfield, 
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for  which  a  dam  and  reservoir  are  being  planned  in  the  vicinity  of 
Cobble  Mountain. 

This  station,  which  is  located  a  short  distance  below  Borden  Brook, 
at  Cobble  Mountain,  near  Blandford,  Mass.,  was  established  July  13, 
1905,  and  has  been  maintained  since  that  time  in  cooperation  with 
the  water  board  of  the  city  of  Springfield  through  its  engineer,  E.  E. 
Lochridge. 

The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station.  During  the  winter  months  the  discharge  is  affected 
by  ice.  Conditions  for  obtaining  accurate  discharge  data  are  good, 
and  an  excellent  rating  curve  has  been  developed. 

On  August  10,  1906,  a  sharp-crested  weir,  with  crest  about  30  feet 
long,  capable  of  carrying  a  depth  of  flow  of  IJ  feet,  was  installed  a 
short  distance  downstream  from  the  current-meter  station.  This 
was  maintained  with  some  interruptions  until  September,  1907, 
when  it  was  destroyed  by  high  water.  Estimates  of  flow  over  the 
weir  as  given  are  based  iipon  the  coefficients  given  on  page  36,  Water- 
Supply  Paper  200.  The  weir  gage  was  read  at  approximately  the 
same  times  as  the  current-meter  gage,  and  considerable  comparative 
information  upon  the  accuracy  at  this  station  has  been  obtained 
(see  also  Water-Supply  Paper  201,  pp.  105-110). 

Discharge  meaguremenU  of  Weatfield  Little  River  near  Blandford,  Mass.,  in  1907-S. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

1907. 

April  24 

April  27 

Wood  and  Mention 

Fett. 

66 

46.5 

45 

45 

54.5 

54.5 

21.5 
6.5 
6.5 
ft.5 
6.5 
6.5 
6.5 
6.5 
6.5 
6.6 
6.5 
6.5 
6.5 
6.5 
6.5 
6.5 
6.5 

46.5 

46.5 

22 

14 

17.5 

31 

78.3 
77.4 
78.1 
117 
111 
17.7 
6.17 
6.15 
6.15 
6 

5.89 
5.98 
6.11 
6 

6.10 
5.84 
6.01 
6.09 
6.24 
6.19 
6.03 
5.92 

77.1 
75.4 
17.6 
17.6 
18.8 
40.1 

Feet. 
4.20 
3.12 
3.10 
3.09 
3.76 
3.71 
2.03 
1.78 
1.78 
1.78 
1.78 
1.72 
1.70 
1.73 
1.73 
1.73 
1.74 
1.73 
1.73 
1.72 
1.71 
1.71 
1.71 

2.85 
2.85 
L68 
1.88 
1.87 
2.20 

472 

do 

113 

Do 

do 

114 

Do 

do 

118 

May  17 

D.  M.  Wood 

309 

Do 

Barrows  and  Norcross 

278 

July  19a 

do 

11.5 

August  22 

•   Do 

T.  W.  Norcross 

do 

4.80 
4.89 

Do 

do 

5.00 

Do 

do 

4.85 

Do 

Do 

August  23 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

do 

do 

do 

.....do 

do 

do 

do 

do 

do 

do 

do 

. .  .do 

4.00 
4.03 
4.70 
4.81 
4.57 
4.37 
4.36 
4.41 
4.48 
4.46 
4.21 
3.58 

1908. 

April  24 

Do 

D.  M  Wood 

69.4 

.     .do 

76.7 

September  25  a. 
October  19  ft. 

Wood  and  French  .                                     

3.9 

do 

0.0 

Do.f 

do 

4.4 

December  21<i.. 

do 

18.1 

a  Wading  meau^urement. 

b  Wading  measurement  100  feet  above  old  weir. 
<•  Wading  mea.surement  made  near  chain  gage. 
d  Ice  measurement  made  at  cable  station. 
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Daily  gage  height^  in  feet ,  of  Wesifield  Little  River  near  Bland/ordy  Mass.  ^  for  1907-8. 
IS.  H.  Bodurtha  and  W.  V.  Bodurtha,  observers.] 


Day. 


1907.« 


Jan. 


Ifl08.e 
1 

3.64 

2 

3.24 

3 

3.11 

4 

2.99 

6 

3.29 

6 

3.80 

7 

3.64 

8 

3.34 

9 

3.09 

10 

2.99 

11 

3.49 

12 

4.32 

13 

5.10 

14 

4.60 

16 

4.02 

16 

3.49 

17 

3.14 

18 

2.99 

19 

3.01 

20 

3.09 

21 

3.11 

22 

3.09 

23 

3.14 

24 

3.21 

26 

3.34 

26 

3.29 

27 

3.17 

28 

29 

3.11 
3.27 

30 

3.64 

31 

3.69 

Feb. 


Bfar. 


3.59 
3.47 
3.48 
3.47 


3.04 
2.77 
2.60 
2.54 

2.61 
2.51 
2.57 
2.75 
5.18 

4.60 
3.54 
3.27 
3.24 


3.24 
3.17 
3.14 
3.11 
3.08 

3.07 
3.04 
3.02 
3.02 


3.60 
3.58 
4.12 
4.25 
3.98 
3.66 


3.05 
3.09 
2.94 
2.76 
2.66 

2.59 
2.61 
2.57 
2.61 
2.57 


Apr. 


63.36 
3.18 
3.09 
3.03 
3.06 

3.03 

2.08 

2.88 

b2.88 

b2.84 

2.91 
2.91 
3.04 
3.14 
3.42 

3.28 
3.35 
3.20  I 
3.15 
3.05 

2.96 
2.96 
3.04 
3.90 
3.44 

3.15 
3.02 
2.95 
2.87 
2.85 


May. 


3.61 
3.48 
3.31 
3.21 
3.19 

3.27 
3.29 
3.57 
4.10 
3.61 


2.61  ;    3.39 


2.65 

3.27 

3.57 

3.15 

3.64 

3.09 

3.84 

3.04 

3.97 

3.01 

4.02 

3.07 

3.91 

3.01 

3.94 

3.08 

3.64 

3.04 

3.41 

3.03 

3.31 

2.99 

3.34 

2.87 

4.48 

2.87 

4.72 

2.83 

4.78 

2.81 

5.18 

2.81 

5.40 

2.84 

5.30 

2.81 

4.18 

2.84 

3.76 

2.81 
2.78 
2,73 
2.99 
2.94 

2.84 
2.95 
2.89 
2.90 
2.91 

2.95 
2.86 
2.74 
2.66 
2.61 

3.28 
3.83 
3.36 
3.13 
3.03 

2.83 
2.74 
2.69 
2.62 
2.61 

2.59 
3.35 
3.35 
2.95 
2.85 
2.70 


4.62 
3.54 
3.51 
3.31 
2.98 

2.91 
3.09 
4.78 
3.77 
3.52 

3.33 
3.17 
3.01 
3.01 
3.09 

2.91 
2.84 
2.73 

2.68 
2.64 

3.29 
4.15 
3.69 
3.35 
3.08 

2.72 
2.64 
2.57 
2.48 
2.45 
4.60 


June. 

July. 

2.81 

2.61 

3.63 

2.38 

4.06 

2.31 

3.68 

2.16 

3.67 

2.12 

3.73 

2.11 

3.46 

2.06 

3.14 

2.07 

2.94 

2.05 

2.83 

2.03 

2.81 

2.27 

2.73 

2.52 

2.69 

2.48 

2.66 

2.20 

2.66 

2.09 

2.59 

2.07 

2.53 

2.05 

2.52 

2.10 

2.98 

2.02 

2.61 

2.02 

2.52 

2.27 

2.44 

2.13 

2.39 

2.03 

2.35 

1.96 

2.31 

1.96 

2.28 

2.03 

2.19 

1.97 

2.17 

1.83 

2.16 

1.81 

2.78 

1.86 

1.81 

3.41 

1.83 

2.89 

2.27 

2.65 

3.19 

2.66 

2.79 

2.45 

2.54 

2.45 

2.38 

2.43 

2.29 

2.40 

2.24 

2.33 

2.18 

2.25 

2.08 

2.19 

1.99 

2.17 

2.01 

2.13 

2.01 

2.08 

2.01 

2.12 

2.05 

Aug. 


2.33 

2.01 

2.21 

1.98 

2.13 

2.01 

2.10  ! 

2.03 

2.09 

2.01 

1.99 
2.01 
2.51 
2. 63 
2.33 

2.15 ; 

2.07 
1.99 
1.93 
1.90 


1.99 
2.05 
2.08 
1.97 
2.37 

2.38 
2.14 
2.10 
2.08 
2.04 
1.99 


1.84 
1.87 
1.83 
1.96 
1.89 

2.02 
1.96 
1.81 
1.88 
1.81 

1.81 
1.72 
1.78 
1.85 
1.79 

1.73 
2.00 
1.93 
1.77 
1.81 

1.83 
1.71 
1.72 
1.93 
1.81 

1.71 
1.66 
1.78 
1.77 
1.76 
1.66 


1.93 
1.88 
1.84 
1.91 
2.01 

2.52 
2.75 
2.53 
2.31 
2.27 

2.27 
2.19 
2.14 
2.08 
2.04 

2.04 
2.17 
2.17 
2.08 
1.99 

1.93 
2.07 
1.97 
1,93 
2.20 

2.00 
1.98 
1.96 
1.94 
1.90 
1.89 


Sept. 


1.65 
1.63 
1.93 
2.66 
2.48 

2.36 
2.17 
2.06 
2.01 
2.03 

2.49 
2.60 
2.21 
2.12 
2.04 

2.01 
2.03 
1.99 
2.04  ! 
1.99 

1.96  , 
1.96  I 
3.63 
4.18 
3.31  i 

2.91 
2.73 
2.69 
6.02 
3.78 


1.90 
1.88 
1.86 
1.85 
1.84 

1.81 
1.82 
1.79 
1.78 
1.75 

1.74 
1.75 
1.73 
1.73 
1.71 

1.71 
1.69 
1.67 
1.67 
1.65 

1.68 
1.67 
1.68 
1.67 
1.64 

1.66 
1.67 
1.67 
2.54 
2.14 


3.29 
2.99 
2.86 
3.25 
2.96 

2.78 
2.77 
4.86 
3.81 
3.33 

3.11 
3.16 
2.95 
2.86 
2.77 

2.68 
2.61 
2.53 
2.49 
2.88 

2.75 
2.65 
2.67 
2.63 
2.48 

2.44 
6.68 
7.42 
6.15 
4.86 
3.83 


2.04 
2.00 
1.96 
1  93 
1.86 

1.84 
1.83 
1.82 
1.81 
1.79 

2.06 
1.97 
1.87 
1.84 
1.83 

1.79 
1.78 
1.85 
1.85 
1.85 

1.84 
1.83 
1.80 
1.80 
1.88 

2.47 
2.57 
2.35 
2.28 
2.23 
2.20 


3.49 
3.48 
6.40 
4.46 
3.63 

4.92 
6.86 
4.28 
3.75 
3.61 

3.49 
3.28 
3.16 
3.06 
2.96 

2.88 
2.86 
2.79 
2.96 
2.88 


Dec. 


I 


2.78  ! 
2.96  I 
2.88 
2.83 
2.91 

2.85 
2.75 
2.72 
2.85 
2.72 


2.17 
2.13 
2.09 
2  06 
2.05 

2.04 
2.03 
2.03 
2.01 
1.99 

1.98 
1.97 
1.96 
1.96 
2.05 

2.13 
2.11 
2.13 
2.13 
2.15 

2.15 
2.13 
2.13 
2.12 
2.15 

2.21 
2.19 
2.13 
2.05 
2.01 


2.71 
2.73 
2.78 
2.81 
2.83 

2.81 
2.88 
3.01 
4.46 
4.50 

3.63 
3.36 
3.31 
3.27 
3.24 

3.23 
3.22 
3.19 
3.18 
3.16 

3.13 
3.12 
3.16 
4.72 
3.73 

3.37 
3.28 
3.28 
3.29 
3.93 
4.12 


1.99 
1.99 
1.97 
1  96 
1.95 

1.93 
2.84 
2.84 
2.94 
2.93 

2.89 
2.76 
2.6G 
2.67 
3.04 

2.87 
2.76 
2.67 


2.29 
2.26 
2.21 
2.15 
2.13 

2.11 
2.10 
2.07 
2.03 
2.00 
2.33 


o  River  froien  January  1  to  March  25, 1907. 

ft  Gage  he^ht  determined  from  the  e.stablished  relation  between  the  weir  and  meter  station  gages. 

c  loe  conditions  prevailed  January  1  to  11  and  January  29  to  February  7, 1908.  It  is  probable  that  con« 
ditioiis  of  flow  were  also  affected  by  ice  conditions  for  short  periods,  January  to  March  and  December, 
1906. 
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166  SURFACE   WATER  SUPPLY,  1907-8. 

Daily  gage  height,  in/eft,  on  weir  of  We^tfield  Little  River  near  Bland/ord,  Momm.Jot  iWl. 


1 
Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

1.96 
1.68 
1.28 
2.13 
1.76 

1.50 
.73 
1.36 
1.43 
1.13 

.96 
.86 
.76 
.67 
.64 

.57 
.60 
.67 
1.33 
1.91 

1.22 
1.19 
.93 
.93 
.96 

.98 
.98 
.96 
.92 

.88 
.88 

0.89 
.94 
.92 
.86 
.83 

.82 
78 
.74 
.67 
.63 

.59 
.54 

.53 
.59 
.62 

.60 
.58 
.56 
.54 
.56 

.58 
.56 
.52 

"6.52' 
.73 
.64 
.56 

.52 
.50 
.48 
.46 
.45 

.43 
.43 
.50 
.62 
1.24 

1.08 
1.24 
1..46 
1.50 
1.52 

1.48 
1.54 
2.40 
2.25 
1.60 

1.54 
1.54 
2.05 
2.19 
1.92 
1.59 

1.90 
1.12 
1.02 
.04 
.98 

.92 

.88 
.79 
.80 
.76 

.78 
.86 
.99 
1.08 
1.40 

1.24 
1.29 
1.14 
1.08 
1.00 

.94 
.89 
.98 
1.97 
1.48 

1.14 
.98 
.93 

.82 
.78 

0.75 
.70 
.66 
.02 
.86 

.76 
.86 
.80 
.79 
.79 

.82 
.76 
.66 
.58 
.54 

1.26 
1.88 
1.32 
1.04 
.93 

.74 

.64 
.60 
.53 
.52 

.54 
1.22 
1.32 
.85 
.74 
.61 

0.71 
1  61 
2.26 
1.58 
1.58 

1.76 
1.40 
1.08 
.89 
.76 

.74 

.68 
.62 
.57 
.58 

.51 
.50 
.49 
.94 
.58 

.49 
.42 
.38 
.32 
.29 

.28 
.20 
.16 
.12 
.77 

a46 
.35 
.30 
.24 

.18 

.17 
.17 
.17 
.43 
.41 

.45 
.54 

.35 
28 

.46 
.43 
.46 
.31 
.31 

.48 
.37 
.31 
.29 
.24 

.32 

.27 
.19 
.18 
.20 
.19 

aio 

.33 

:g 

.19 

.31 

.26 
.19 
.20 
.18 

.18 
.13 

:5i 

.18 

.14 
.20 
.23 
.16 
.17 



ail 

2 

.10 

S 

.23 

J::::;::....: 

.73 

5 

.66 

, 

.55 

7   

.43 

8., 

.32 

9       

.2» 

10 

11 

13  

.31 

.67 
.73 

13 

.44 

14     

.37 

16 

.31 

16 

.29 

17   

.30 

18 

.29 

19 

.30 

20 

.28 

21 

.27 

22 

.2S 

23                                  

24 

.24 

.17 

.11 
.11 
.16 
.15 
.19 
.11 

25 

26 

27 

28                                  

29 

30 

81                 

Note.— On  March  23,  the  weir  was  considerably  damaged  br  floating  ice  and  the  crest  angle  iron  was 
«rtly  bent  over.    The  weir  underwent  repairs  July  9  to  20  ana  A 
Length  of  weir  July  9  to  11,  inclusive,  8.6  feet. 


>  20  and  August  21  to  24. 


July  15,  gage  reading,  a.  m.,  0.25;  p.  m.  0.49;  weir  length  (p.  m.)  1 1.8 feet,  oonUnolng  to  July  17,  InclosiTe. 
Length  of  weir  July  18, 13  feet. 

Length  of  weir,  July  19-20, 17.82  feet  with  flashboards  12.2  feet  long  and  at  elevation  100.^  feet  (veir 
orest  at  elevation  100  feet ).    Flash  boards  remained  to  August  23,  inclusive. 
Length  of  weir  August  21  (a.  m.),  17.82  feet;  gage  reading,  0.21. 
Length  of  weir  August  21  (p.  m.)  and  August  22  (a.  m.),  29.98  feet;  gage  readings,  0.11  and  0.09  foot. 


respectively. 
Length  of 


espectivel^- 
Lenf  " 
Le 
sive. 


weir  August  22  (p.  m.)  and  August  23  (a.  ra.),  10.25  feet;   gage  readings.  a21  and  0.22  foot. 


ingth  of  weir  August  23  (p.  ra.).  .5.09  feet:  gage  reading,  0.31  foot. 
Length  of  weir  August  24, 17.8.5  feet.    Flashboards  at  elevation  100.66  August  24  to  September  22,  lnch^ 


Weir  damaged  by  high  water  September  23>  no  further  readings  recorded. 

Rating  table  for  Westjield  Little  River  near  Blandford,  Mass. ,  for  1907-8. 


Oftge 

Dis- 

1   Gace 

height. 

charge. 

height. 

Feet. 

Src.-ft. 

'    Fn,. 

1.G3 

2.8 

1     2.40    , 

l.ft5 

3.0 

1    2.45    ' 

1.70 

3.7 

'i     2.50 

1.75 

4.4 

1    2.55    , 

1.80 

5.2 

2.  a) 

1.8.5 

tJ.O 

.    2.  r.o 

1.90 

7.0 

;     2. 70 

1.95 

8.0 

'    2.75 

2.00 

9.2 

2.80    ' 

2.05 

10.6 

,     2.8,5     , 

2.10 

12.  2 

'     2.90 

2.15 

14.0 

1    2.95    1 

2.20 

l(i.O 

.3.00 

2.25 

IK.  2 

1    3.  10 

2.  .30 

20.  0 

3.  20 

2.35 

23.  3 

3.;i0 

T)ls- 


Sec.-ft. 
2ti.  4 
29.9 
33.8 
3H.  1 
42.  8 
47.8 
53.1 
58.7 
t>4.7 
71.1 
77.9 
8.5.0 
92.  4 

109 

129 

1.^*5 


\ 


Oage 

Dl*     ' 

heiX. 

Dis- 

h3lght. 

Sec.-ft. 

charge. 

Feet. 

Feet. 

Sec.'ft. 

3.40 

m  * 

6.00 

745 

3.50 

220    t 

6.20 

815 

3.(iO 

255    1 

6.40 

885 

3.70 

290    , 

5.60 

955 

3.80 

325    ' 

6.80 

1,025 

3.90 

360 

6.00 

1.095 

4.00 

395    1 

6.20 

1.165 

4.10 

430 

6.40 

1,235 

4.20 

405    t 

6.60 

1.305 

4.30 

500 

6.80 

1,375 

4.40 

535    1 

7.00 

1,445 

4.50 

570 

7.20 

1.515 

4.  a) 

605 

7.40 

1.585 

4.70 

640 

4.80 

<;75 

4.90 

710 

Note. — The  above  table  is  not  applicuMe  for  Ice  or  obstnieted  channel  conditions.  It  is  based  on  dis- 
charge measurements  made  during  190.V1908,  and  is  well  ileflned.  Above  gage  height  3.5  feet  the  rating 
curve  Is  a  tangent,  the  ditfereuce  Ijeing  35  per  tenth. 
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168  SURFACE  WATER  SUPPLY,  1907-8. 

Monthly  discharge  of  Westfield  Little  River  near  Blandford,  Mass.,  for  J907-S. 
[DraJnftge  area,  43  square  miles.] 


Month. 


Discharge  in  seoond-feet. 


Ifaxfmam. 


Minimum.      Mean. 


Per 
square 
mile. 


Run-off 

drainage   j^**^' 
area),      j 


January 

February. . , 

March 

April 

May 

June 

July 

Auinist 

September. 

October 

November. , 
December.. 


1907. 


The  year. 


448 

89.6 
646 


412 

35.5 

9.8 

752 

1,590 

1,040 

G47 

1.590 


42.6 
37.1 
28.0 
60.8 
41.9 
14.0  , 
6.3  I 
3.0  , 
2.8  I 

29.2  I 

65.3  ! 

54.4  I 


141 
52.0 

170 

117 
80.7 
92.9 
13.9 
5.66 
80.9 

242 

222 

191 


3.28 
1.21 
3.96 
2.72 
2.09 
2.16 
.323 
.131 
1.88 
5.63 
5.16 
4.44 


1 

3.78  !  B. 
1.26  B. 
4.55  i  B 
3.04  '  A, 
2.41  I  A. 
2.41     A. 

.37     A. 

.15  A. 
2.10  A. 
6.49  A. 
5.76  I  A. 
6. 12  '  B. 


January... 
February. 

March 

April 


1908. 


April 
May. 


June 

July 

August 

September. 

October 

November. . 
December.. 


780 

808 

885 

430 

668 

189 

127 
58.7 
37.3 
39.9 
16.4 
9S.5 


The  year. 


2.8  I 


118 


2.75    I 


37.44 


90.9 
34.7 
39.9 
66.0 
29.9 
7.0 
5.7 
5.8 
2.9 
4.9 
8.2 
7.6 


2.9 


165 

3.84 

141 

3.28 

292 

6.79 

134 

3.12 

180 

4.19 

27.4 

.637 

18.8 

.437 

14.1 

.328 

5.71 

.133 

10.0 

.233 

11.8 

.274 

35.6 

.828 

«.3 

2.01 

4.43  C. 
3.54  B. 
7.83  A. 
3.48  I  A. 
4.83     A. 

.71  '  A. 

.50  i  A. 

.38  !  A. 

.15     A. 

.27  ,  A. 


.31 
.96 


27.38 


Note.— Discharge  Januarv  1  to  March  25, 1907,  taken  from  the  discharge  over  the  weir  in  order  to  com- 
plete the  year.    Discharge  during  the  frozen  periods  1908,  estimated. 

Sec-rt. 

Discharge  January  1  to  IL  1908 100 

January  24  to  February  7, 1908 100 

Open-channel  rating  applied  December,  1908.    Measurements  made  December  21, 1906,  and  January  1, 
1909,  show  no  material  reduction  in  discharge  due  to  ice  conditions. 
Discharge  interpolated  December  19  to  20, 1908. 

Monthly  dincharge  (by  weir)  of  Westfield  Little  River  near  Blandford,  Mom, ^  for  1907. 
[Drainage  area,  43  square  miles.] 


Month. 


I  Maximum. 


Minimum. 


January 

February 

March 

April 

May 

June 

July 

August 

September  1  to  TI 


448 

42.6 

89.6 

37.1 

545 

28.0 

:i*>8 

65. 4 

:i5«) 

37.1 

420 

4.3 

.39.3 

4.6 

10.3 

2.3 

37.4 

2.0 

econd-feet. 

Per 

Mean. 

square 

mile. 

141 

3.28 

52.0 

1.21 

165 

3.84 

111 

2.58 

82.2 

1.91 

86.0 

2.00 

12.1 

.281 

4.97 

.116 

14.8 

.344 

Run-off 
(depth  hi 
inches  on 
drainage 

area). 


3.78 
1.26 
4.43 
2.88 
2.20 
2.23 
.32 
.13 
.28 


Note.— The  disoharpe  by  the  weir  from  a»>out  March  23  to  August  31  is  considerably  In  error  as  shown 
by  the  daily  comparison  between  the  current  meter  and  weir  stations.  This  is  due  to  the  damaged  con- 
dition of  the  weir  and  also  to  leakage. 

The  discharge  for  days  when  the  gage  height  at  the  weir  was  greater  than  1.50  feet  was  determined  from 
the  current  meter  station  rating  by  means  of  the  known  gage  height  relation  which  exists  between  the 
two  stations. 

Discharge  interpolated  February  24  to  March  1. 
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HOUSATONIC  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Honsatonic  River  rises  in  Berkshire  County,  Mass.,  and  flows 
southward,  entering  Long  Island  Sound  near  the  west  end  of  Con- 
necticut. It  is  about  125  miles  long,  and  drains  a  total  area  of 
about  1,930  square  miles.  Its  most  important  tributaries  are  Ten- 
mile  River,  a  stream  lying  almost  entirely  in  New  York  State  and 
entering  the  river  near  Gaylordsville,  and  Naugatuck  River,  with  a 
drainage  area  of  313  square  miles,  which  enters  at  Birmingham  and 
is  entirely  in  the  State  of  Connecticut.  In  the  vicinity  of  Pittsfield 
the  Housatonic  reaches  an  elevation  of  about  1,500  feet,  this  being 
a  hilly  and  moimtainous  region.  Through  Connecticut  the  river  in 
general  runs  through  a  wide  valley,  much  of  which  is  in  farm  land. 
In  most  places  the  bed  of  the  river  is  of  gravel,  but  in  a  few  localities 
there  are  falls  over  ledges  of  limestone  and  granite.  The  basin  is  to 
some  extent  in  forest  cover,  especially  in  its  upper  portions,  but  as 
a  whole  it  may  be  said  to  consist  largely  of  farm  lands. 

The  mean  annual  precipitation  is  probably  about  43  inches.  In 
the  upper  portion  of  the  basin  the  winters  are  severe,  but  as  a  whole 
the  area  is  sufficiently  far  south  so  that  the  river  is  open  during  a 
considerable  part  of  the  winter  season. 

In  the  whole  drainage  basin  there  are  some  15  square  miles  of 
lake  and  pond  surface,  but  generally  speaking,  storage  has  been 
very  little  developed  and  there  are  numerous  opportunities  for  im- 
provements of  this  nature. 

Power  has  been  developed  at  Birmingham,  New  Milford  and  re- 
cently at  Bulls  Bridge  above  Gaylordsville,  and  at  a  number  of 
other  places,  but  there  remains  considerable  unutilized  power  both 
on  the  main  river  and  its  tributaries. 

A  gaging  station  has  been  maintained  at  Gaylordsville  on  the 
main  river  since  1900,  and  during  this  period  the  driest  year  was 
1908  and  the  wettest  1903,  the  total  flow  during  these  two  years 
being  about  in  the  ratio  of  1  to  2.03. 

The  following  gaging  stations  have  been  maintained  in  this  river 
basin: 

Housatonic  River  at  Gaylordsville,  (^onn.  (1900-1908). 
Tenmile  River  at  Dover  Plains,  N.  Y.  (1901-1903). 

HOUSATONIC   RIVER  AT   GAYLORDSVIIXE,   CONN. 

This  station,  which  is  located  at  the  covered  wooden  highway 
bridge  at  Gaylordsville,  about  2  miles  below  the  mouth  of  Tenmile 
River,  was  established  October  24,  1900,  to  obtain  general  statistical 
and  comparative  data  regarding  the  flow  of  the  river. 
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The  nearest  dam  downstream  is  at  New  Milford,  distant  about 
7  miles,  while  upstream,  at  Bulls  Bridge,  a  few  miles  is  a  recent 
development.  There  is  no  backwater  effect  from  the  dam  below 
the  station  at  low  and  medium  stages.  There  may,  however, 'be  a 
slight  effect  at  high  stages. 

The  gage  datum  has  remained  the  same  during  the  maintenance 
of  the  station.  The  discharge  is  affected  by  ice  during  short  periods 
of  the  winter.  Conditions  for  obtaining  accurate  discharge  data 
are  good,  and  a  good  rating  curve  has  been  developed. 

Discharge  meamremenU  of  Housatonic  River  at  GaylordtvUle,  Conn.^  in  1908. 


Date. 


October 25a  .. 
Do.6 


Hydrographer. 


Width. 


I 


Wood  &  French . 
.do 


Ftet. 
67.0 
112 


Area  o( 
section. 

Sq.ft. 
76.4 
160 


I>is- 
t. 'charge. 


Fett.     See.-fi. 
2.  40  I        83.2 
'2.60         128 


a  Measurement  made  by  wading  150  feet  below  the  cable. 

tf  Measurement  made  from  the  cable. 

c  Qage  height  rose  0.5  foot  during  the  measurement  due  to  the  opening  of  gates  at  the  power  house  above. 

Daily  gage  height ^  in  feet,  of  Hotisatonic  River  at  GoylordtvUU^  Conn.  ^  for  1907-8. 

[O.  U.  Munroe,  observer.] 


Day. 

Jan. 

5.8 

6.05 

5.8 

5.6 

6.7 

5.5 
6.6 
5.3 
5.45 
6.2 

4.9 
4.9 
4.6 
4.9 

4.8 

4.4 

4.2 
4.6 
4.8 
4.7 

6.0 
5.0 
4.8 
4.5 
4.6 

4.5 
4.4 

4,3 
4.3 
4.4 

4.2 

Feb. 

4.3 
4.5 
4.5 
4.5 
3.9 

4.2 
4.2 
4.6 
4.35 
4.4 

4.3 
4.3 
4.2 
4.4 
4.4 

4.3 
4.1 
4.3 
4.3 
4.25 

4.2 
4.2 
3.9 
4.2 
4.1 

4.1 
4.1 
4.1 

Mar. 

3.95 
3.95 
3.95 
4.05 
4.15 

3.95 
4.05 
4.05 
3.85 
4.05 

3.95 
3.75 
3.95 
4.15 
5.85 

6.0 

6.05 

6.65 

6.65 

5.75 

5.55 

5.75 

5.7 

6.25 

6.15 

5.75 

5.7 

5.65 

5.55 

5.75 

5.75 

Apr. 

6.75 
5.55 
5.15 
5.05 
5.05 

4.95 
4.95 
4.95 
4.95 
4.95 

5.05 

5.15 

5.1 

5.15 

5.55 

5.35 

5.3 

5.15 

5.25 

5.1 

5.06 
4.95 
4.85 
5.25 
5.55 

5..% 
5.35 
5.25 
5.15 
4.95 

May. 

4.96 

4.95 

4.95 

4.6 

4.95 

4.65 
4.95 
4.95 
4.95 
4.65 

4.75 
4.95 
4.95 
4.55 
4.6 

4.65 
5.85 
5.75 
5.55 
5.25 

5.05 
4.95 
5.05 
4.75 
4.7 

4.55 
4.85 
5.25 
5.25 
5.05 
4.75 

June. 

4.8 

4.85 

6.25 

6.35 

6.25 

6.45 
6.35 
6.96 
6.8> 
6.66 

6.45 

5.3 

6.25 

4.76 

4.76 

4.86 
4.75 
•  4.56 
4.5 
4.65 

4.65 
4.4 

4.35 
4.25 
4.06 

4.15 
4.15 
4.15 
4.15 
4.15 

July. 

4.65 

4.45 

4.3 

4.26 

3.86 

3.8 

4.26 

3.96 

3.95 

4.06 

3.66 
4.16 
4.36 
4.16 
4.36 

3.96 

4.0 

4.16 

4.06 

3.96 

3.96 
3.96 
3.76 
3.96 
3.96 

3.95 
3.75 
3.76 
3.76 
3.75 
3.6 

Aug. 

3.66 
3.66 
3.46 
3.46 
3.66 

3.66 
3.46 
3.46 
3.26 
3.45 

3.46 
3.46 
3.46 
3.46 
3.36 

3.46 

3.4 

3.26 

8.36 

8.35 

8.16 
3.15 
3.26 
3.4 
3.36 

3.86 
3.36 
3.26 
3.06 
3.16 
3.26 

Sept. 

3.16 

3.06 

2.86 

3.4 

3.86 

4.26 

4.1 

3.86 

3.66 

8.66 

3.66 
4.26 
,4.26 
3.9 
3.76 

3.0 

3.4 

3.66 

3.6 

8.0 

3.26 

3.2 

3.4 

7.2 

6.9 

6.8 
4.7 
466 

4.9 
6,9 

Oct. 

6.4 

6.36 

6.0 

6.1 

6.66 

6.4 
4.9 
6.1 
6.6 
6.2 

6.7 
6.7 
6.7 
6.4 
6.3 

6.1 
6.1 
4.8 
4.6 
4.6 

6.0 
4.7 
4.8 
4.7 
4.6 

445 

45 

6.76 

ia2 

10.66 
9.9 

Nov. 

8.9 
8.7 
8.3 
7.6 
7.8 

6.8 

7.8 

7.9 

7.76 

7.6 

7.0 
6.6 
6.3 
6.3 
6,9 

6.76 

6.7 

6.4 

6,6 

6.4 

6.8 

6.6 

6.26 

6.2 

6.5 

6.6 

6.36 

6.1 

6.2 

6.2 

Dec. 

1007.  a 
1 

6.2 

2 

6.1 

3 

6.1 

4 

47 

5 

47 

6 

46 

7 

44 

8 

44 

9 

45 

10 

49 

11 

6.4 

12 

6.8 

13 

6.4 

14 

6.6 

16 

6.9 

16 

6.6 

17 

6.6 

18 

6.5 

19 

6.2 

20 

6,2 

21 

"6.2 

22 

47 

23 

6.0 

24 

6  8 

25 

6  7 

26 

6.4 

27 

6.4 

28 

6.2 

29 

6.9 

30 

6.8 

31 

6.2 

a  River  did  not  freeze  over  near  gage  d uring  1 907.    The  discharge  may  have  been  sU^tly  afleoted  during 
short  periods  during  January,  February,  and  March. 
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Daily  gageheighty  in  feet,  of  HoiLtatonic  River  at  Gaylordsville,  Conn.  ^  for  1907-8 — Con. 


Day. 


1908.  a 

1 

2 

3 

4 

6 

« 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18..., 

19...? 

ao 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


Jan. 


6.5 
6.2 
5.8 
5.6 
5.2 

4.7 
4.0 
5.9 
5.6 
5.4 

5.0 
5.4 
6.9 
7.1 
6.3 

6.2 
5.3 
5.3 
5.3 
5.0 

5.1 
5.0 
5.0 
4.8 
4.7 

4.7 
5.2 
5.2 
5.2 
4.4 
4.3 


Feb. 


4.4 

4.9 
4.7 
4.5 
4.5 

4.5 
4.6 
4.5 
4.3 
4.4 

4.3 

4.5 
4.5 
4.5 
7.85 

9.4 
7.6 
7.0 
6.4 
5.9 

5.2 
5.0 
4.8 
4.8 
4.7 

4.7 
6.0 
5.7 
4.9 


Mar. 

Apr. 

May. 

June. 

4.9 

6.35 

5.65 

4.75 

4.9 

5.95 

5.65 

4.85 

5.0 

5.65 

5.76 

4.86 

4.9 

5.36 

6.86 

4.45 

4.8 

5.25 

5.26 

4.45 

4.8 

5.35 

5.15 

4.26 

4.8 

5.15 

6.16 

4-06 

4.9 

5.15 

5.76 

3.95 

4.9 

6.16 

6.25 

3.75 

.4.7 

6.15 

6.45 

3.96 

4.7 

6.36 

6.26 

4.05 

5.1 

5.76 

5.96 

3.96 

5.8 

5.35 

5.66 

3.96 

6.1 

5.66 

6.55 

3.76 

6.3 

5.25 

5.45 

3.65 

6.4 

6.46 

5.45 

3.95 

6.4 

5.55 

6.36 

3.95 

6.0 

5.46 

6.05 

4.25 

5.9 

5.36 

4.96 

4.15 

6.4 

5.36 

4.96 

3.85 

5.5 

5.35 

4.95 

3.55 

5.5 

6.36 

4.86 

3.35 

5.5 

5.25 

4.96 

3.36 

6.9 

5,16 

4.76 

3.46 

6.2 

5.16 

4.76 

3.66 

6.2 

4.86 

4.85 

4.75 

6.3 

4.86 

4.25 

4.15 

6.2 

4.96 

4.15 

3.95 

6.2 

4.95 

4.06 

3.76 

6.2 

6.06 

4.15 

3.65 

6.2 

4.65 

July.     Aug. 


3.65 
3.86 
4.15 
4.26 
3.95 

3.96 
3.65 
3.76 
3.85 
3.65 

3.66 
3.36 
3.45 
3.05 
3.26 

3.75 
3.45 
3.56 
3.35 
3.36 

3.36 
3.45 
3.75 
3.75 
3.75 

4.25 
4.35 
3.75 
3.65 
3.66 
3.66 


3.65 
3.45 
3.55 
3.15 
3.25 

3.36 
4.25 
4.25 
4.16 
3.95 

3.76 
3.95 
3.85 
3.66 
3.45 

3.0 
3.3 
3.3 
3.3 
3.3 

3.6 
3.5 
3.3 
3.4 
3.0 

3.3 
3.5 
3.6 
3.5 
3.5 
3.1 


Sept. 

Oct. 

Nov. 

Dec. 

3.4 

3.2 

2.96 

3.0 

3.3 

3.1 

3.0 

3.0 

3.3 

3.2 

3.1 

3.1 

3.3 

2.8 

3.1 

3.1 

3.3 

8.0 

3.2 

2.9 

2.9 

8.1 

3.2 

2.7 

3.1 

3.2 

2.9 

3.0 

3.0 

2.9 

.2.55 

3.3 

3.2 

3.4 

2.9 

3.6 

3.1 

3.1 

2.9 

3.7 

3.0 

2.9 

3.1 

3.5 

3.0 

3.2 

2.9 

3.5 

2.8 

3.2 

3.1 

3.2 

2.9 

3.2 

2.9 

3.5 

2.9 

3.0 

2.75 

3.3 

3.9 

3.0 

3.1 

3.0 

2.9 

3.0 

2.9 

3.3 

2.9 

2.6 

2.8 

3.4 

2.9 

2.7 

3.1 

3.5 

2.8 

3.0 

2.8 

3.0 

3.0 

3.0 

2.9 

3.5 

3.0 

2.7 

2.76 

3.6 

2.9 

2.8 

3.0 

3.3 

2.9 

2.8 

2.7 

3.3 

3.0 

2.7 

2.8 

2.6 

3.0 

2.8 

3.0 

2.9 

2.65 

3.0 

3.1 

2.8 

2.8 

3.1 

3.3 

3.0 

3.0 

3.1 

3.1 

3.2 

3.0 

3.1 

2.8 

3.4 

3.3 

3.1 

a  River  did  not  freeze  over  near  the  gage  during  1908. 
Rating  table  for  HousaUmic  River  at  Gaylordsville  ^  Conn.  ^  for  1907-8. 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

1   Gage 
height. 

Feet. 

8ec.-ft. 

Feet. 

8ec.-ft. 

i    Feet. 

2.50 

114 

3.80 

747 

I    5.10 

2.60 

147 

3.90 

816 

5.20 

2.70 

182 

4.00 

890 

,    5.30 

2.80 

220 

4.10 

970 

'    6.40 

2.90 

261 

4.20 

1,060 

6.50 

3.00 

305 

4.30 

1,160 

1    5.60 

3.10 

352 

4.40 

1,260 

,    6.70 

3.20 

401 

4.50 

1,370 

5.80 

3.30 

452 

4.eo 

1,490 

1    5.90 

3.40 

505 

4.70 

1,620 

6.00 

3.50 

561 

4.80 

1,760 

6.20 

3.eo 

620 

4.90 

1,900 

6.40 

3.70 

682 

5.00 

2,050 

6.60 

Dis- 
charge. 

H  i 

Dis- 
charge. 

Sec.'ft. 

6,690 

2.200 

6.80 

2,360 

7.00 

6.180 

2,520 

7.20 

6,690 

2,690 

7.40 

7,210 

2,870 

7.60 

7,730 

3,060 

7.80 

8,260 

3,250 

8.00 

8,800 

3,450 

1    8.20 

9,340 

3,650 

j    8.40 

9,880 

3,860 

1    8.60 

10,420 

4.300 

i    8.80 

10,960 

4,750 

•    9.00 

11,500 

5,210 

10.00 

14,300 

11.00 

17, 1.50 

NoTK. — The  above  table  Is  not  applicable  for  Ice  or  obstriicted-cbannel  conditions. 
chitfge  measurements  made  during  1900-1908,  and  It  Is  well  deflned. 


It  is  based  on  dis- 
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Monthly  discharge  of  HouaaUmic  River  at  Cfaylordsville,  Conn.,  for  19C7-S. 
[Drainage  area,  1,030  square  miles.] 


Month. 


January 

February.. 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


1907. 


The  year. 


January 

February.. 
March 

p.:::::. 

June 

July 

August 

September. 

October 

November. 
December. . 


190R. 


Discbarge  in  scoond-feet. 


Maximum.   Minimum. 


Mean. 


16.100 


6,430 

12,600 

4.750 

4.640 

4,ft60 

1,830 

1,210 

1,110 

fi05 

i505 

4i52 

682 


3,970 

1,060 

1,370 

y                        816 

5,330 

714 

3,350 

1.830 

3,550 

1,430 

4.860 

930 

1,660 

620 

(i51 

328 

6,600 

240 

6,100 

1,320 

1,200 

2,200 

5,690 

1,260 

The  year. 


12,600 


1,160 

1,160 

1,620 

1.830 

930 

478 

328 

305 

130 

147 

130 

147 


130 


2,080 
1.120 
2,430 
2.340 
2,010 
2,160 
921 
493 
1,210 
3,700 
4,950 
3,120 


2,210 


2.820 

2,860 

3,180 

2,790 

2,510 

958 

687 

502 

310 

313 

290 

411 


1,480 


Per 
square 
mile. 


Run-off    I 
(depth  in     ^^..^ 

drainage     ~^- 

area). 


2.04 
1.10 
2.38 
2.29 
1.97 
2.12 
.903 
.483 
1.19 
3.63 
4.85 
3.06 


2.35 
1.14 
2.74 
2.56 
2.27 
2.36 


1.04  '  B. 

.56  '  B. 

1.33  ,  B. 

4. 18  B. 

5.41  B. 

3.53  I  B. 


2.17 


29.47 


2.76 

2.80 

3.12 

2.74 

2.46 

.939 

.674 

.680 

.304 

.307 

.284 

.403 


1.45 


3,18  B. 
3,02  ,  B. 
3.00  B. 
3.06  I  B. 
2.84  B. 
1.05     B. 

.78     B. 

.67     B. 

.34     B. 

.35     B. 

.32     ° 


.46  '  B 


19.67 


HUDSON  RIVER  DRAINAGE  BASIN. 
DESCRIPTION. 

The  principal  sources  of  Hudson  River  lie  in  the  wildest  portion 
of  the  Adirondack  Mountains,  in  Essex  County,  northeastern  New 
York.  A  number  of  branches,  any  one  of  which  might  possibly  be 
considered  the  main  stream,  form  its  upper  waters;  but  if  the  highest 
collected  and  permanent  body  of  water  be  assumed  as  the  true  head, 
then  the  source  of  the  Hudson  becomes  Lake  Tear-of-the-Clouda, 
which  lies  at  an  elevation  of  4,322  feet  above  tide,  in  the  center  of 
the  triangle  by  Mount  Marcy  and  Skylight  and  Gray  Peaks. 

The  river  flows  rather  irregularly  southward  until  it  reaches  the 
northern  boundary  of  Saratoga  County,  where  it  makes  a  sharp  turn 
and  flows  eastward  for  about  12  miles,  passing  through  the  mountains 
and  forming,  as  it  cuts  across  the  rocky  strata,  several  falls  of  great 
height  and  beauty.  At  Sandy  Hill,  just  below  Glens  Falls,  it  makes 
another  abrupt  turn  and  flows  southward,  continuing  in  this  direc- 
tion until  it  empties  into  New  York  Bay. 

From  I^ake  Tear-of-the-Clouds  to  the  mouth  of  the  river  the  db- 
tance  by  water  is  probably  about  300  miles.  The  total  area  drained 
is  13,366  square  miles.  The  river  is  tidal  to  Troy,  which  is  also  at 
the  head  of  navigation. 
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The  headwater  region  is  mountainous  in  character,  is  in  general 
heavily  wooded,  and  is  dotted  with  numerous  lakes  and  ponds.  The 
rocks,  belonging  to  the  oldest  formation  and  mainly  granitic,  •  are 
either  bare  or  covered  only  with  a  layer  of  spruce  duff,  humus,  «nd 
forest  Utter.  The  river  emerges  from  the  mountain  region  a  few 
miles  west  of  Glens  Falls,  and  thence  to  Troy  the  topography  is 
moderately  rolling  and  the  surface  soil  is  chiefly  sand.  Below  Troy 
the  river  follows  the  great  depression  which  extends  almost  due 
north  and  south  between  New  York  Bay  and  the  St.  Lawrence, 
flowing  in  an  open  valley  bordered  by  well-cultivated  lands,  which 
rise  with  moderate  slope  from  the  stream.  The  Catskill  Mountain 
region  is  reached  20  or  30  miles  below  Albany,  and  thence  to  the 
mouth  of  the  river  the  immediate  valley  is  flanked  by  high  hills,  the 
Highlands  of  Orange  County  and  the  precipitous  Palisades  being 
es{>ecially  noticeable. 

The  fall  in  the  upper  portion  of  the  course  is  very  rapid,  amounting 
to  about  64  feet  per  mile  from  Lake  Tear-of-the-Clouds  to  the  mouth 
of  North  Creek,  a  distance  of  about  52  miles.  From  the  mouth  of 
North  Creek  to  the  mouth  of  the  Sacandaga  the  descent  is  nearly  14 
feet  per  mile,  distributed  among  rapids  which  diminish  in  frequency 
as  the  Sacandaga  is  approached.  In  the  suceeding  26  miles  to  Fort 
Edward  the  river  descends  418  feet  more,  but  of  this  175  feet  is  com- 
prised within  the  three  abrupt  pitches  at  Palmer,  Glens,  and  Bakers 
Falls,  while  most  of  the  remainder  occurs  in  the  rapids  between 
Jessups  Landing  and  the  oxbow  above  Glens  Falls.  Between  Glens 
Falls  and  Troy  nearly  the  entire  fall  of  the  river  is  utiUzed  for  the 
development  of  water  power. 

The  tributaries  of  the  Hudson  are  numerous,  and  many  of  them 
are  lai^e  and  important.  Indian  River,  Schroon  River,  and  the 
Sacandaga  unite  with  the  main  stream  above  Glens  Falls,  and  between 
the  latter  point  and  Troy  it  receives  Battenkill  River,  Fish  Creek, 
Hoosic  River,  and  the  Mohawk,  the  latter  having  several  important 
tributaries,  including  West  and  East  Canada  and  Schoharie  creeks. 
The  tributaries  below  Troy  include  Catskill,  Esopus,  and  Rondout 
creeks,  and  Wallkill  River  from  the  west,  and  Kinderhook  Creek, 
Jansen  Kill,  Wappinger  Creek,  Fishkill  Creek,  and  Groton  River 
from  the  east. 

The  mean  annual  precipitation  on  the  total  basin  of  the  Hudson  is 
probably  about  43  inches.  It  reaches  a  maximum  of  more  than  55 
inches  in  the  heights  of  the  Adirondacks,  while  in  the  eastern  portion 
of  the  drainage  area  in  southern  Vermont,  the  mean  annual  total  is 
only  about  39  inches.  Conditions  during  the  winter  period  vary 
from  the  extreme  cold  and  deep  snow  of  the  Adirondacks  to  the  areas 
in  the  southern  portion  of  the  basin  which  are  subject  to  frequent 
winter  thaws. 
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The  flow  of  the  upper  Hudson  is  controlled  to  some  extent  during 
the  dry  season  by  the  use  of  Indian  Lake  storage  reservoir,  and  the 
natural  storage  facilities  in  the  Adirondack  region  are  unsurpassed, 
there  being  a  great  many  ponds  and  lakes,  many  of  large  size  and  fed 
from  extensive  drainage  areas.  Comprehensive  plans  for  vast  storage 
projects  on  the  Sacandaga,  Schroon,  and  Upper  Hudson  are  receiving 
the  attention  of  the  New  York  State  Water  Supply  Conmiission.  It 
is  probable  that  on  the  various  tributaries  of  the  Hudson  an  increase 
in  storage  capacity  of  some  75  billion  cubic  feet  is  possible,  and  if 
this  were  developed  the  Hudson  would  be  probably  the  most  impor- 
tant water-power  stream  in  the  country.  While  a  large  amount  of 
power  has  been  developed  in  the  Hudson  drainage  area  there  are 
vast  quantities  as  yet  unutilized,  and  the  importance  of  this  river 
basin  is  apparent,  when  it  is  considered  that  in  proportion  to  its  size 
it  contains  a  greater  population  than  any  other  important  drainage 
basin  in  the  United  States  with  the  single  exception  of  that  of  the 
Delaware  River. 

The  longest  run-off  record  in  the  Hudson  River  drainage  basin  is 
that  obtained  at  Mechanicville,  which  extends  back  to  1888. 

The  following  gaging  stations,  all  included  in  the  State  of  New 
York,  have  been  maintained  in  this  river  basin,  and  records  obtained 
at  them  have  appeared  in  the  publications  of  the  United  States 
Geological  Survey: 

Hudson  River  at  North  Creek  (1907-8). 

Hudson  River  at  Thurman  (1907-8). 

Hudson  River  at  Fort  Edward  (1895-1908). 

Hudson  River  at  Mechanicville  (1888-1908). 

Indian  Lake  Reservoir  at  Indian  Lake  (1900-1908). 

Schroon  Lake  at  Potters ville  (1908). 

Schroon  River  at  Riverbank  (1907-8). 

Schroon  River  at  Warrensburg  (1895-1902). 

Sacandaga  River  at  Wells  (1907-8). 

Sacandaga  River  at  Northville  (1907-8). 

Sacandaga  River  near  Hadley  (1907-8). 

Battenkill  River  at  Batten  ville  (1908). 

Fish  Creek  at  Burgoyne  (1904-5  and  1908). 

Hooeic  River  at  Buskirk  (1903-1908). 

Mohawk  River  at  Ridge  Mills  near  Rome  (1898-1900). 

Mohawk  River  at  Utica  (1901-1903). 

Mohawk  River  at  Little  Falls  (1898-1908). 

Mohawk  River  at  Rocky  Rift  Dam  near  Indian  Castle  (1901). 

Mohawk  River  at  Schenectady  (1899-1901). 

Mohawk  River  at  Rexford  Flats  (1898-1901). 

Mohawk  River  at  Dunsbach  Ferry  (1898-1908). 

Ninemile  Creek  at  Stitt ville  (1898-99). 

Oriskany  Creek  at  Coleman  (1904-1906). 

Oriflkany  Creek  at  Wood  Road  Bridge  near  Oriskany  (1901-1904). 

Oriskany  Creek  at  Oriskany  State  Dam  near  Oriskany  (1898-1906). 

Sanquoit  Creek  at  New  York  Mills  (1898-1900). 
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Nail  Creek  at  Utica  (1904). 

Reels  Creek  at  Deerfield  (1901-1904). 

Reels  Creek  at  Utica  (1901-2). 

Johnston  Brook  at  Deerfield  (1903-1905). 

Starch  Factory  Creek  at  New  Hartford  (1903-1906). 

Graefenbeig  Creek  at  New  Hartford  (1903-1906). 

Sylvan  Glen  Creek  at  New  Hartford  (1900-1906). 

West  Canada  Creek  at  Twin  Rock  Bridge  near  Trenton  Falls  (1900-1908). 

West  Canada  Creek  at  Middleville  (1898-1901). 

West  Canada  Creek  at  Kast  Bridge  (1905-1908). 

East  Canada  Creek  at  Dolgeville  (1898-1908). 

Craroga  Creek  3  miles  above  junction  with  Mohawk  (1898-99). 

Cayadutta  Creek  at  Johnstown  (1898-1900). 

Schoharie  Creek  at  Prattsville  (1902-1908). 

Schoharie  Creek  at  Schoharie  Falls  above  Mill  Point  (1900-1901). 

Schoharie  Creek  at  Mill  Point  (1900-1903). 

Schoharie  Creek  at  Fort  Hunter  (1898-1901). 

Schoharie  Creek  at  Erie  Canal  Aqueduct  below  Fort  Hunter  (1900). 

Quackenkill  at  Quackenkill  (1894). 

Normanskill  at  French's  Mill  (1891). 

Kinderhook  Creek  at  Wilson's  Dam  near  Garfield  (1893-1894). 

Kinderhook  Creek  at  East  Nassau  (1892-1894). 

Kinderhook  Creek  at  Rossman  (1906-1908). 

Catskill  Creek  at  South  Cairo  (1901-1907). 

Esopus  Creek  at  Olivebridge  (1903-1904). 

Esopus  Creek  at  Kingston  (1901-1908). 

Rondout  Creek  at  Roeendale  (1901-1903, 1905-1908). 

Diversion  to  Delaware  and  Hudson  Canal  at  Rosendale  (1901-1907). 

WalUdll  River  at  Newpaltz  (1901-1903). 

Wappinger  Creek  at  Wappinger  Falls  (1903-1905). 

Foundry  Brook  at  Coldspring  (1902-3). 

Fishkill  Creek  at  Glenham  (1901-1903). 

Croton  River  at  Croton  Dam  near  Croton  Lake  (1868-1903). 

STATIONS  ON  MAIN  STREAM. 

HUDSON   RIVER   AT   NORTH    CREEK,  N.  Y. 

This  station  is  located  on  the  steel  highway  bridge  at  North  Creek. 
It  was  established,  in  cooperation  with  the  New  York  state  water- 
supply  commission,  September  21,  1907,  to  obtain  general  statistical 
and  comparative  data  in  regard  to  the  flow  of  the  Hudson. 

North  Creek,  a  small  tributary  of  the  Hudson,  enters  from  the  right 
a  short  distance  below  this  point. 

The  gage  datum  has  remained  the  same  during  the  maintenance  of 
the  station.  During  the  winter  months  the  discharge  is  aflFected  by 
the  presence  of  ice.  Conditions  for  obtaining  the  accurate  discharge 
are  good,  and  a  very  good  rating  curve  has  been  developed. 

The  regimen  of  flow  of  the  upper  Hudson,  especially  during  the  low- 
water  season,  has  been  considerably  affected  by  storage  in  Indian 
Lake  reservoir.     (See  Indian  Lake  at  Indian  Lake.) 
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Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water-supply  commission  of  New  York. 

Discharge  metuuremenU  of  Hudson  River  at  North  Creek ^  N,  Y.y  1907-8. 


Dat«. 


1907. 


Hydrogfapher. 


August  29 '  Barrows  and  Hoyt . 

Augustai t  W.  O.  Hoyt 

September  30 do 

September  21 ..{  Pierson and  Hoyt. . 

October  1 J.  B.  Pierson 

October  24 do 

November  12. . . ' do 

November  16. do 


1906. 

January  22 '  Wood  and  Pierson. 

July  7 O.  If.  Brett 

August  7 Brett  and  Allen  — 

September  18  . .  D.M.Wood 


Width. 

Arettof 
section. 

he^t. 

Feet. 

Sq./eet. 

Feet, 

235 

547 

2.91 

235 

502 

2.90 

237 

506 

2.71 

236 

462 

2.55 

250 

834 

4.09 

239 

547 

2.96 

250 

937 

4.52 

143 

673 

3.43 

240 

523 

2.99 

243 

576 

3.06 

241 

534 

2.87 

236 

453 

2.54 

charge. 


8ec.-ft. 
788 

ne 

618 

512 

2,380 

890 

3,290 

1,560 


810 
990 
775 
469 


Daily  gage  height ^  in  feet,  of  Hudson  River  at  North  Creek y  N,  Y.^/or  1907S. 
[Gilbert  Dean,  observer.] 


Day. 


1907. 


11. 
12. 
13. 
14. 
15. 


Day. 


1908. 


Aug. 


Sept. 


Oct. 

Nov. 

Dec.  . 

4.67 

3.88 

2.80 

4.40 

3.65 

2.79 

3.52 

4.80 

2.72 

3.30 

5.35 

2.62 

3.52 

4.90 

2.62 

3.50 

4.58 

2.72 

3.48 

6.58 

2.76 

4.35 

6.55 

2.82 

5.32 

5.90 

2.75 

5.30 

5.28 

3.12 

5.60 

4.88 

5.12 

4.65 

4.60 

5.07 

4.22 

4.18 

4.68 

4.07 

3.94 

4.35 

3.75 

3.75 

4.00 

Day. 


Aug.     Sept.     Oct. 


1907. 


2.71 

21 1  2.55 

22 2.72 

23 '  3.22 

24 '  3.25 

25 1  3.30 

26 

27 

28 

29 

30 

31 


2.91 


Jan. 


1 

1     4.48 

2 

4.37 

3 

1     4. 24 

4  

4.06 

5 

1    3.  79 

6 

1 
i    3.77 

7 

3.71 

8 

3. 51 

9 

10 

a.  43 

.'i  32 

11 .1.24 

12 

13 

3. 29 

3  29 

14 

3.19 

15     . 

.      3.11 

16 

..    .    .      3.07 

17 

3. 04 

18 

..    .    .      3.04 

19 

20 

3. 02 

'     2.99 

2.99 
2.99 
3.07 
3.24 
3.49 

3.51 
3.54 
3.56 
3.59 
3.61 

3.(i9 
3.()9 
3.  rt7 
3.fi3 
3.77 

4.33 
4.78 
4.97 
4.01 
4.75 


3.45 
3.64 
3.66 
3.50 
3.53 

3.48 
4.00 
3.94 
3.90 
3.98 

3.93 
3.90 
3.90 
3.93 
4.11 

4.38 
4.46 
4.40 
4.30 
4.28 


5.37 
4.96 
4.51 
4.24 
3.99 

3.99 
4.42 
5.  a') 
5.54 
5.51 

5.70 
5.65 
5.19 
4.85 
4. 67 

4.r>3 
5. 07 
4.47 
4.<19 
4.60 


May. 

June. 

July. 

7.54 

3.70 

2.60 

7.46 

3.63 

2.49 

7.08 

3.57 

2.45 

6.81 

3.40 

2.96 

6.01 

3.22 

3.04 

6.26 

3.03 

3.00 

5.14 

2.93 

3.01 

5.98 

2.83 

3.02 

5.74 

2.78 

3.06 

6.24 

2.74 

2.92 

5.55 

2.70 

2.82 

5.31 

2.70 

2.97 

6.44 

2.99 

2.95 

6.78 

3.*5 

2.96 

6.11 

2.85 

2.93 

5.91 

2.75 

2.89 

5.46 

2.73 

2.91 

3.98 

2.61 

3.09 

5.08 

2.54 

3.32 

4.95 

2.63 

3.53 

3.50 
3.37 
3.20 
3.14 
3.07 

3.26 
3.22 
3.12 
2.94 
3.04 


3.24 

3.25 

3.25 

3.07 

3.20 

3.85 

3.32 

4.62 

3.60 

6.00 

3.74 

Nov. 

3.55 

3.50 

3.28 

3.20 

3.17 

3.09 

3.09 

3.15 

3.15 

3.15 

3.12 

3.07 

3.04 

3.00 

2.85 

Dec. 


4.00 
3.68 
3.75 
3.59 
3.48 

3.38 
3.40 
3.57 
4.45 
4.55 

4.48 

4.30 
4.18 
4.38 
4.38 
4.63 


Aug. 

Sept. 

Oct. 

Nov. 

Dec 

3.01 

2.68 

2.69 

2.73 

2.95 

2.94 

2.66 

2.69 

2.65 

2.87 

2.86 

2.65 

2.66 

2.58 

2.73 

2.84 

2.63 

2.66 

2.56 

2.73 

2.93 

2.62 

2.63 

2.56 

2.69 

2.85 

2.62 

2.61 

2.55 

2.55 

2.89 

2.63 

2.61 

2.48 

2.66 

2.86 

2.61 

2.59 

2.47 

2.74 

2.86 

2.61 

2.58 

2.47 

2.69 

2.84 

2.61 

2.67 

2.49 

2.51 

2.82 

2.61 

2.62 

2.53 

2.55 

2.82 

2.60 

2.62 

2.63 

2.73 

2.87 

2.50 

2.61 

2.68 

2.71 

2.87 

2.57 

2.60 

2.66 

2.69 

2,86 

2.56 

2.57 

2.86 

2.66 

2.81 

2.66 

2.55 

3.16 

2.71 

2.82 

2.55 

2.55 

2.76 

2.81 

2.92 

2.56 

2.55 

2.70 

2.97 

2.96 

2.55 

2.55 

2.63 

3.09 

2.99 

2.54 

3.52 

2.54 

2.93 
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Daily  gage  height,  in 

feet.o 

/  Hudson  River  at  North  Creei 

fc,  N. 
Aug. 

Y.Jor  1907-8— ConVd, 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Sept. 

Oct.  1  Nov. 

1 

Dec. 

1908. 
21 

2.96 
2.97 
2.99 
2.99 
2.99 

2.99 
2.96 
2.89 
2.89 
2.91 
2.96 

4.56 
4.30 
4.11 
3.93 
3.78 

3.63 
3.57 
3.52 
3.50 

4.17 
4.07 
4.06 
4.12 
4.27 

4.23 
4.58 
5.20 
6.06 
6.03 
5.73 

4.35 
4.22 
4.34 
5.13 
5.85 

7.37 
8.49 
8.59 
8.49 
7.37 

5.08 
4.21 
5.^ 
4.68 
4.31 

4.01 
3.91 
3.94 
3.70 
3.54 
3.54 

2.90 
2.96 
2.75 
2.65 
2.65 

2.59 
2.49 
2.47 
2.63 
2.69 

3.36 
2.88 
2.63 
2.53 
2.43 

2.64 
3.03 
J.  04 
3.03 
3.02 
3.00 

2.98 
2.91 
2.81 
2.79 
2.76 

2.76 
2,73 
2.72 
2.72 
2.69 
2.69 

2.53 
2.53 
2.53 
2.53 
2.53 

2.53 
2.51 
2.51 
2.66 
2.81 

2.51 
2.51 
2.51 
2.48 
2.46 

2.48 
2.63 
2.68 
2.72 
2.76 
2.76 

2.55 
2.47 
2.51 
2.49 
2.53 

2.76 
3.14 
3.36 
3.21 
3.11 

2.84 

22 

2.83 

23 

2.81 

24      

2.80 

25 

2.83 

26 

2.73 

27 

2.71 

28     

2.69 

29 

2.72 

30 

2.83 

31 

2.81 

Note.— River  did  not  freeze  over  during  January  to  March,  1906.  but  conditions  of  flow  may  have  been 
mnewhat  affected  during  this  period  by  ice  obstruction.     River  frozen  December  15  to  31, 1906. 

RatiTUf  table  for  Hudson  River  at  North  Creek,  N.  Y,Jor  1907-8. 


hJ^t. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

\  Gage 
height. 

Dis- 
charge. 

Gage 
hei^t. 

Dis- 
cbarge. 

Feet. 

Btt.-ftd. 

Fui, 

Stc-feet. 
1,770 

FeH. 

Sec.'feet. 

Feet. 

Sec.-feet. 

2.40 

400 

3.70 

5.00 

4,090 

6.60 

8,060 

2.50 

460 

3.80 

1,920 

5.10 

4,300 

~&80 

8,620 

2.60 

530 

3.90 

2,080 

5.20 

4,520 

7.00 

9,200 

2.70 

610 

4.00 

2,240    , 

,    5.30 

4,740 

7.20 

9,790 

2.80 

700 

4.10 

2,400 

5.40 

4.970 

7.40 

10,390 

2.90 

790 

4.20 

2,570 

5.50 

5,200 

7.60 

11,010 

3.00 

890 

4.30 

2,740 

5.60 

5,440 

7.80 

11,630 

3.10 

990 

4.40 

2,920 

5.70 

5,680 

8.00 

12,270 

3.20 

1.100 

4.50 

3,100 

5.80 

5,930 

8.20 

12,910 

3.30 

1,220 

4.60 

3,290 

5.90 

6,180 

8.40 

13,550 

3.40 

1,350 

4.70 

3,480 

6.00 

6,430 

8.60 

14,210 

3.50 

1,480 

4.80 

3,680 

6.20 

6,950 

8.80 

14,870 

3.60 

1,620 

4.90 

3,880 

6.40 

7,490 

9.00 

15,530 

Note.— The  above  table  is  not  applicable  for  ice  or  obetructed^^hannel  conditions.  It  is  based  on  18 
discharge  measurements  made  during  1907-8,  and  Is  well  defined.  Owing  to  the  availability  of  more  recent 
data,  the  above  table  has  been  revised  and  differs  slightly  from  that  published  in  the  Fourth  Annual  Report 
of  the  state  water-supply  commission  of  New  York. 

Monthly  discharge  of  Hudson  River  at  North  Creek,  N.  Y.,for  1907-8. 
[Drainage  area,  804  square  miles.) 


Month. 


1907. 

September  20  to  30 

October 

November 

December 


Discharge  in  second-feet. 


Maximum. 


1,020 
5.440 
7,990 
4.340 


Minimum.  |    Mean. 


Per 
square 
mile. 


I    Run-off 
-   (depth  in 
Incnes  on 
drainage 
area). 


495 
830 
745 
546 


1,050 
2,120 
2.530 
1.970  I 


1.31 
2.64 
3.15 
2.45 


January 

February.. 

March 

April 

^ay 

June 

July 

August 

September. 
October. . . . 
November. 
December.. 


1906. 


3.060 

4,030 

6.590 

14,200 

10.800 

1,770 

1,520 

900 

709 

664 

1,300 

851 


The  year. 


14.200 


781 

880 

1,420 

2.220 

1,540 

442 

418 

602 

467 

436 

442 

360 


3150 


1.300 

2,020 

2.730 

5,270 

5,230 

818 

830 

742 

525 

532 

626 

570 


1.62 
2.51 
3.40 
6.55 
6.50 
1.02 
1.03 
.923 
.ti53 
.662 
.779 
.709 


0.54 
3.04 
3.51 

2.82 


1.87 

2.71 

3.92 

7.31 

7.49 

1,14 

1.19 

1,06 

.73 

.76 

.87 

.82 


1.770  I 


2.20 


29.87 


Accu- 
racy. 


Note.— Discharge  December  15  to  31.  1908,  533  second-feet;  based  on  measurement  made  under  ice  con- 
dltkMifl  January  1, 1909.    (See  rating  table  footnote. ) 


16264— IBB  241—10 12 
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HUDSON  RIVER  AT  THURMAN,  N.  Y. 

This  station  is  located  on  the  Delaware  and  Hudson  Railroad 
bridge  leading  from  Thurman  to  Warrensburg,  about  950  feet  below 
the  highway  bridge  to  Warrensburg,  and  some  2,000  feet  below  the 
entrance  of  Schroon  River  into  the  Hudson.  It  was  established,  in 
cooperation  with  the  New  York  state  water-supply  conmiission, 
September  22,  1907,  to  obtain  general  statistical  and  comparative 
data  regarding  the  flow  of  the  Hudson  River. 

There  is  a  dam  on  Schroon  River  at  Warrensburg,  about  3  miles 
above  the  station.  On  the  Hudson  there  is  a  dam  at  Luzerne  about 
12  miles  below.  During  the  winter  months  the  discharge  is  affected 
by  ice,  and  the  station  discontinued. 

The  datum  of  the  chain  gage  has  remained  the  same  during  the 
maintenance  of  the  station.  Conditions  for  obtaining  accurate  dis- 
charge data  are  excellent,  and  a  very  good  rating  curve  has  been 
developed. 

The  regimen  of  flow  of  the  upper  Hudson,  especially  during  the 
low-water  season,  has  been  considerably  affected  by  storage  in  Indian 
Lake  reservoir.     (See  Indian  Lake  at  Indian  Lake.) 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  waternaupply  conunission  of  New  York. 

Discharge  measurements  of  Hudson  River  at  Thurman^  X,  F.,  in  1907^. 


Date. 


1907. 

August  28 

August  31 

September  1 

September  22... 
September  30... 

Do 

October  15 do. 

October  26 do. 


Hydrographer. 


Barrows  and  Hoyt. 

do 

do 

W.  G.  Hoyt 

J.  B.  rierson 

do 


November  4.. 
November  13.. 
November  18.. 
December  12.. 


.do. 
.do. 
.do. 
.do. 


1908. 

June23 D.M.Wood. 

July  4 O.  M.  Brett. 

August  6 Brett  and  Allen . 

Do do 

September  19. . .    D.  M.  Wood 


Width. 


Fett, 

260 
251 
253 
230 
276 
276 
277 

aeo 

290 

301 
280 
292 


272 
272 
262 


Area  of  J  Gaec  I    Di»> 
section,    hei^t.  charfe. 


247 


Sq.ft. 

757 

683 

662 

5S0 

962 

960 

963 

760 

1,460 

1,280 

991 

1,270 


846 
863 
606 
694 


Fat, 
2.86 
2.49 
2.46 
2.05 
3.48 
3.47 
3.52 
2.75 
4.98 
4.54 
3.58 
4.60 


3.03 
3.07 
2.46 
2.40 
2.25 


Sec-ft. 

1,150 

833 

777 

476 

2.640 

3,700 

2.800 

1,400 

6.760 

5,790 

2.970 

6,340 


1,600 

1,510 

860 

835 

600 
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I>aily  gage  height^  in  feet,  of  Uvdson  River  at  Thurmjan^  N.  Y.^for  1907-3. 
[&.  H.  Spencer,  observer.) 


Day.            'Aug. 

Sept 

Oct. 

Nov. 

Dec. 

3.12 
3.10 
3.09 
3.06 
3.05 

3.03 
3.02 
3.01 
3.01 
3.69 

4.66 
4.36 
4.12 
4.03 
3.90 

j               Day. 

Aug. 

Sept. 
3.30 

Oct.    Nov. 

D^. 

1907. 
1 

2.41 
2.47 
2.60 
2.96 
3.55 

3.42 
3.14 
2.80 
2.79 
2.59 

2.43 
3.43 
3.75 
3.64 
3.22 

1 
3. 80    3. 71 
3.96  1  3.58 
3.28     4.07 
3.18  '  4.96 
3. 22     4. 71 

1 
3.16  :  4.66 
3. 18  1  6.  41 
3.71     6.33 
4.61  '  5.08 

1907. 
16 

3.  an 

3.86 
3.74 
3.68 
3.43 
3.32 

3.35 
3.36 
3.35 
3.31 
3.29 

3.29 
3.26 
3.18 
3.17 
3.16 

4.1 

2 

17 

2.76  i3.2i 
2.64  |3.10 
2.44  '  3.00 
2.41     3.03 

1 
2.24  '  3.09 
2.21     3.13 
2.62     2.97 
2.88     2,88 
2.  87     2.  86 

3.90 

3 

18 

3.76 

4 

19 

3.66 

5              ' 

20 

3  60 

«.: 1 

21 

3.52 

7 

22 

3.43 

8    

23 

3  60 

9 

24 

4.56 

10 

4.61 

6.16 
4.16 
3.97 
3.67 
3.48 

6.73 

6.16 
4.82 
4.58 
4.33 
4.06 

25 

4.67 

11 

26 

2.89 
2.81 
2.78 
3.00 
3.37 

2.94 
3.00 
3.72 
4.44 

4.24 
3.98 

4.50 

12 

27 

4.40 

13 

28 

2.86 

4.33 

14 

29 

4.38 

15 

30 

4.46 

31 

2.49 

4.70 

Day. 

Jan. 

Feb. 

Mar.  :  Apr. 

May. 

June. 

3.73 
3.69 
3.63 
3.47 
3.34 

3.35 
3.19 
2.95 
2.93 
3.13 

2.91 
2.81 
3.07 
2.93 
2.87 

2.82 
2.85 
2.78 
2.73 
2.80 

2.80 
3.01 
2.97 
2.90 
2.81 

2.81 
2. 76 
2.57 
2.60 
2.62 

July. 

2.76 
2.84 
2.86 
3.06 
3.01 

3.04 
3.02 
3.14 
3.06 
2.95 

2.86 
2.83 
2.88 
2.83 
2.85 

2.80 
2.87 
2.96 
2,91 
3.35 

3.18 
2.89 
2.4ti 
2.44 
2.43 

2.19 
2.  78 
2.77 
2.67 
2.  SI 
2.70 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1906. 
1 

4.45 
4.44 
4.29 
4.06 
3.83 

3.67 
3.76 
3.90 
4.19 
7.46 

8.21 
8.16 
8.05 
7.50 
7.41 

6.86 
6.66 
6.63 
6.72 
6.06 

6,21 
6.04 
6.13 
5.79 
5.84 

5.71 
6.61 
6.46 
5.82 
6.48 
6.82 

6.01 
6.19 
6.31 
6.45 
6.47 

6.62 

1 

1 

1    fi.  ft.^ 

7.41 
6.87 
6.57 
6.42 
6.09 

6.94 
6.41 
6.19 

6.87 
5.67 

6.45 
6.77 
6.07 
6.23 
6.34 

6.14 
5.47 
4.79 
4.50 
4.91 

4.57 
4.31 
5.29 
4.81 
4.27 

4.20 
4.02 
3.98 
3.77 
3.64 
3.73 

2.65 
2.61 
2.53 
2.63 
2.56 

2.46 
2.53 
2.54 
2.56 
2.55 

2.52 
2.62 
2.66 
2.64 
2.58 

2.46 
2.69 
2.62 
2.74 
2.50 

2.62 
2.63 
2.55 
2.44 
2.57 

2.46 
2.43 
2.43 
2.51 
2.47 
2.45 

2.36 
2.50 
2.45 
2.32 
2.26 

2.48 
2.49 
2.34 
2.34 
2.39 

2.29 
2.38 
2.22 
2.33 
2.43 

2.35 
2.40 
2.35 
2.24 
2.26 

2.35 
2.32 
2.39 
2.38 
2.35 

2.41 
2.17 
2.34 
2.59 
2.40 

2.45 
2.39 
2.49 
2,53 
2.43 

2.39 
2.39 
2.35 
2.40 
2.41 

2.47 
2.31 
2.36 
2.36 
2.39 

2.32 
2.36 
2.41 
2.32 
2.35 

2.26 
2.30 
2.24 
2.21 
2.14 

2.30 
2.72 
2.66 
2.62 

2.m 

2.58 

2.40 
2.45 
2.34 
2.39 
2.33 

2.41 
2.30 
2.42 
2.28 
2.38 

2.37 
2.33 
2.40 
2.53 
2.95 

2.73 
2.59 
2.46 
2.37 
2.38 

2.38 
2.29 
2.33 
2.  .37 
2.46 

2.48 
2.82 
3.18 
3.03 
2.94 

2.85 

2 

6.45 
5.05 
4.85 
4.71 

4.50 

2.67 

3 

2.61 

4 

2,44 

5 

2.58 

6 

2.63 

7 r. 

4.84 

8 

5.42 
5.93 
6.86 

6.99 
6.03 
5.90 
5.55 
5.32 

6.25 
5.09 
4.99 
5.12 
5.02 

4.75 
4.61 
4.50 
4.95 
5.48 

5.74 

7.60 
7.47 
7.47 
6.8.3 

9 

10 

11 

12 

13 

' 

14 

15 

16 

17 

18 

19 

20 

21. 

22 

23 

24 

25 

5.13 
4.79 

26 

27 

28 

'    5.38 

1    5.86 

<    5.76 

'    5.90 

29 

30 

31 

N0T«.— River  froxen  January  10  lo  March  24  and  December  7  to  31,  1908.    Obser\'atlon8  discontinued 
December  7  on  account  of  poor  winter  conditions  caused  by  anchor  ice  packing  at  the  bridge. 
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Rating  table  for  Hudmm  River  at  Tkurmatiy  N,  Y.^/or  19(J7S, 


hei^t. 

Di». 

h2«?t. 

Dis- 
charge. 

hei^t. 
1    Feet. 

Di». 
charge. 

hei^ 

Die- 
oharsB. 

Feet, 

""■& 

Feei. 

8ee.-ft. 

Sec-fL 

Ftei, 

Sec-fL 
9,320 

2.10 

3.20 

2,070 

'    4.30 

4,860 

5.80 

2.20 

576 

3.30 

2,290 

,    4.40 

5,150 

6.00 

9,920 

2.30 

660 

3.40 

2,520 

1    4.50 

5,440 

6.20 

10,520 

2.40 

760 

3.60 

2,760 

4.60 

5,730 

6.40 

11,120 

2.£0 

876 

3.60 

2,990 

1    4.70 

6,020 

6.60 

11,720 

2.60 

1,000 

3.70 

3.230 

4.80 

6,320 

6.80 

12,320 

2.70 

1,140 

3.80 

3,480 

4.90 

6,620 

7.00 

12,920 

2.80 

1,205 

3.90 

3,740 

6.00 

6,920 

7.20 

13,520 

2.90 

1,470 

4.00 

4,010 

5.20 

7,520 

7.40 

14,120 

3.00 

1,660 

4.10 

4,290 

5.40 

8,120 

7.60 

14,720 

3.10 

1.860 

4.20 

4.670 

5.60 

8,720 

Note.— The  above  table  is  not  applicable  for  ice  or  obetmcted-channel  conditioiis.  It  is  based  on  18 
discbarge  measurements  made  during  1907^,  and  is  well  defined  between  gage  heights  2  feet  and  5  feet. 
The  above  table  has  been  revised  and  differs  sliffhtly  from  that  published  in  the  Fourth  Annual  Bepoft 
of  the  state  water-supply  commission  of  New  York  on  the  basis  of  additlooal  data  more  recently  available. 

Monthly  discharge  of  Hudson  River  at  Thwrman,  N.  Y.,for  1907-8, 
[Drainage  area,  1,550  square  rnUes.] 


Month. 


September. 

October 

November. , 
December.. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 
October.... 
November., 
December.. 


The  year. 


Discharge  in  second-feet. 


Maximum. 


3,360 
7,400 
11,200 
6,020 


Minimum. 


Mean. 


Per 
square 
mile. 


584 

1,520 

1,400 

2,980 

1,990 

4,530 

1,680 

3,580 

a  961 

L92 
2.92 
2.31 


5,300  ' 


9,620 

14,400 

14,200 

3,300 

2,400 

1,200 

988 

1,170 

2,030 


6,700 
3,090 
962  • 
568 
794  ' 
662  , 
630 
643  1 


2,^0 

3,630 

4,760 

8,620 

7,900 

1,700 

1,410 

943 

728 

779 

919 

900 


14,400 


630  I        2,900 


1.09 

2.34 

3.06 

6.60 

6.10 

LIO 

.910 

.606 

.470 

.503 

.593 

.581 


1.87 


Run-off 

fdepthin 

Incbeson 

drainage 

area). 


LOB 
2.21 
3.26 
2.6« 


1.95 

2.62 

3.53 

<L14 

5.88 

1.23 

1.06 

.70 

.62 

.58 

.66 


Accu- 
racy. 


.67  I  C. 


26.43 


Note.— Discharge  during  the  froxen  periods,  January  to  March  and  December,  1906.  estimated  on  tlie 
basis  of  the  combined  discharge  of  Hudson  River  at  North  Creek  and  Schroon  River  at  Rlverbank. 

Sac-ft 

Discharge  January  10  to  31 1,970 

March  1  to  24 3, 760 

December  7  to  31 864 

See  rating  table  footnote. 

HUDSON    RIVER    AT   FORT   EDWARD,    N.   Y. 

This  station  is  located  at  the  dam  of  the  International  Paj>er  Com- 
pany at  Fort  Edward  and  was  established  in  1895  by  the  state  en- 
gineer department  in  connection  with  the  upper  Hudson  storage 
surveys.  In  1899  it  was  taken  over  by  the  United  States  Geological 
Survey,  and  since  1907  it  has  been  maintained  by  the  state  engineer 
department,  which  has  furnished  the  records  for  1907  and  1908. 
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The  dam  is  of  frame  timber  on  a  slate-rock  foimdation  and  leaks 
but  little.  The  crest  is  straight  and  fairly  level,  and  is  about  588  feet 
long.  Flashboards  15  to  18  inches  high  are  usually  maintained,  and 
the  record  of  flow  is  computed  by  the  usual  methods,  taking  into  ac- 
count the  flow  over  the  dam  or  flashboards  and  through  the  wheels, 
of  which  there  are  about  62  in  the  adjoining  mill. 

Conditions  for  obtaining  accurate  discharge  data  are  not  very  good 
owing  to  the  complicated  conditions,  and  the  results  are  considered 
to  be  only  fair. 

In  the  navigation  season  water  is  diverted  from  the  Hudson  at  the 
Glens  Falls  feeder  dam  7  miles  above  Fort  Edward  and  supplied  by 
the  Champlain  Canal.  (See  Champlain  Canal  and  Glens  Falls 
feeder,  pp.  185  to  188.) 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  engineer  and  surveyor,  State  of  New  York. 

Daily  discharge  in  tecond-feet  of  Hudson  River  at  Fori  Edward^  N,  Y.^for  1906-1908. 


1. 
2. 
S. 

4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
U. 
19. 

ao. 

21. 
22.. 
23. 
24. 
25. 

28.. 
27. 

aB. 

29. 


Day. 


1906.a 


Jan. 

Feb. 

Mar. 
5,542 

Apr. 

May.    June. 

July. 

5,402 

7,210 

66,673 

9,696 

1             1 
8,717  64,027 

4,901 

3,934 

5,000 

7,339 

10,227 

5,745 

8.925 

4,387 

3,234 

3,021 

7,092 

11,078 

66,089 

7.572 

4,386 

62,692 

67,412 

7,407 

10,756 

7,117 

4,792 

4,466 

4,843 

9,676 

8,566 

10,472 

6,489 

7,061 

2,866 

4.048 

8,289 

8,117 

69,987 

4.773 

6,023 

M,»57 

3,876 

7,763 

6,649 

10.229 

5.054 

3.053 

4,627 

3,939 

7,171 

66,080 

9,379 

5,293 

63.509 

3,714 

3,939 

6,706 

7,407 

10.016 

4,505 

5.046 

3,450 

1,674 

5,050 

6,520 

9,166 

66,716 

4,589 

3,154 

62,444 

64,276 

5,747 

8.902 

8,426 

4,714 

3,523 

4,007 

5,513 

5,827 

7,110 

9,752 

4.437 

1,714 

3,772 

6,031 

6,248- 

66.930 

6,786 

3.944 

*2,444 

4,022 

4.513 

6,995 

10,014 

6.082 

1.621 

4,387 

4,064 

4,327 

615,709 

12,065 

5,583 

62,201 

4,028 

3,066 

4,144 

17,116 

9.483 

2,206 

3,955 

4,216 

1,329 

1.674 

20.376 

7.668 

62,364 

3.380 

4,154 

63,172 

62.146 

20,717 

8.109 

5.961 

3.129 

3,503 

3,774 

3,897 

20.717 

7,332 

5,641 

3,129 

1,599 

4,061 

3,772 

21,507 

67,184 

5,582 

2.143 

62,708 

3,584 

3,208 

19.863 

6.953 

5,155 

870 

4,815 

4,207 

3,208 

617,950 

6.483 

5.046 

6  324 

6,154 

4,442 

3,688 

20.126 

4.941 

2,524 

3,004 

9,528 

2,780 

1,444 

18,126 

6.073 

64,118 

2.691 

12,997 

63,172 

61,765 

15,624 

6,543 

5,953 

2,628 

12,294 

5.209 

3,020 

13,406 

6,014 

4,906 

2,143 

9,698 

5,058 

3,563 

10,863 

67,316 

4.687 

2,018 

68,968 

4,906 

4,144 

7,219 

11, aw 

4.189 

1.099 

8  133 

6,389 

67.353 

11,679 

3,818 

61.230 

8,304 

6.663 

8,117  il0,227 

1.674 

3,192 

6,564 

6,201 

10,014 

3,192 

Aug. 


3,380 
2,346 
2,941 
1,444 
6864 


Sept. 


1,669 
61,132 
1,887 
2,378 
1,877 


3.192  3.442 

3.067  3,129 

2.816  1,689 

2,503  61,296 

2,378  2,879 


1,099 
6324 
2,378 
2,190 
1,512 

1,512 

1,512 

703 

61.171 

1,512 

2,816 
2,566 
2.879 
3,067 
1,329 

6  324 
3,505 
3,067 
2,879 
2,628 
2,941 


2.396 
2.294 
2,242 
2.242 
1,407 

6865 
2,252 
2,315 
2,252 
2,378 

2.440 
1,230 
61,296 
2,628 
2,503 

2,190 
2,378 
2,378 
1,469 
61,008 


Oct. 

Nov. 

2,315 

3,004 

2,252 

3,129 

2.252 

1,329 

2.315 

61,414 

2,127 

2,503 

1,345 

2,190 

61.172 

2,440 

2.127 

2,378 

2.252 

2,252 

2.127 

1,230 

2,252 

61.296 

2.127 

2,378 

1,345 

2,816 

61,049 

2,127 

2,127 

2,566 

2,127 

2,879 

2.127 

1,459 

2.127 

63,093 

2,127 

3,422 

1.345 

3,603 

6684 

4,436 

4,583 

4.624 

3,881 

5,464 

3,255 

3,817 

3,505 

63,384 

3,129 

4.994 

1,804 

5,046 

61,766 

5,046 

4.101 

5,210 

3.630 

5,228 

3,505 

Deo. 


1,9S3 
62.490 
3,693 
3,693 
2,366 

2,521 
3,442 
3,256 
6  760 
2,860 

2,099 
2,620 
2.396 
2.475 
2,754 

6684 
3,944 
3,630 
3,606 
3,256 

3,380 

3,255 

62,296 

3,935 


8,380 
2,336 
2,628 
2,816 
6684 
3,506 


«  DaOy  dbcharges  for  1906  are  recomputed  values  which  supersede  those  published  In  Water  Supply 
Paper  202. 
6 Sundays. 
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Daily  discharge  in  ucond-fui  of  Hudson  River  at  Fort  Edward,  N.  Y.,/or  2906-1908^ 

Continued. 


Day. 

Jan. 

Feb. 

3.646 
3.583 
03.401 
5.02S 
3,223 

3,502 
3,780 
3,680 
3,890 
04,071 

5,232 
3,407 
3,976 
3,639 
3,500 

3,123 
ol,416 
4.260 
3.400 
3,270 

3,443 
3,436 
3,201 
02,024 
2,026 

3,503 
1.857 
3,023 

Mar. 

Apr. 

May. 

June. 

6.040 
02,621 
5.181 
4.103 
4,304 

4,560 
7,763 
8,307 
00,002 
8,050 

4.854 
3,861 
3.861 
3.861 

July. 

3.000 
3,667 
5.021 
1.486 
7,470 

10,868 
06,704 
3,080 
2,247 
2,677 

1,420 
2.382 
1,180 
0332 
2,608 

1,602 
1,666 
2,221 
1,602 
1,180 

0332 
1,512 
1,348 
1.512 
1,512 

2.608 
3,047 
,o614 
3,041 
1,809 
2,205 

1,806 
1.348 
1,037 

684 
0968 

2.162 
2.340 
2.695 
2,  .361 

2,528 

2,444 

0698 
2,460 
2,206 
1,950 

1,702 
1.761 
1,510 
0684 
2,356 

3,045 
2,523 
2.377 
1,792 
1,792 

0684 
2,043 
946 
2.043 
2,043 
2,043 

Aug 

Sept. 

Oct. 

Nov- 

Dec 

1907. 
1 

6,164 
11,623 
11.383 
11,028 
14,052 

ol4,624 
14,742 
14,166 
12.716 
12,588 

11,123 
10,344 
00,062 
0.016 
7,328 

7,156 
4,150 
3,802 
4,003 
al,062 

6,180 
4,014 
3.980 
4,080 
4,243 

3.623 
03,736 
4.902 
3,391 
3,174 

2.410 

33.073 

20.240 

2,646 
2,145 
1,612 
0664 
2,782 

2.631 
2.206 
2.142 
1.034 
1,512 

al,247 
2,600 
1.512 
1,612 
1,612 

1,612 
1,612 
a664 
1.420 
1,364 

1,417 
1.348 
1,348 
2.032 
01, 656 

3.163 
1,512 
1.512 
1,512 
1.512 
1.604 

1,932 

O807 

756 

747 

756 

747 
827 
684 
0684 
684 

684 
608 
827 
862 
713 

0  713 
684 
756 
747 
827 

827 
756 
0  756 
756 
756 

756 
698 
684 
684 
0  684 
684 

•  664 
2,411 
2,185 
2,107 
3,332 

8,568 
7.043 
06,641 
3.860 
2,737 

3,121 
2,146 
8,140 
7.217 
06, 561 

6.358 
3,047 
2,734 
2,083 
1,848 

1,612 
01. 360 
1,410 
1,612 
1,370 

3.223 
2,772 
3.557 
01. 646 
5,803 

684 
684 
684 
684 
684 

0684 

684 

873 

1.007 

1,007 

1.097 
1,097 
0684 
1,097 
1,097 

1.097 
1,007 
1,097 
1,097 
0684 

i,ak' 

1,097 
1,111 
1,111 
1,007 

1,007 
0698 
1,007 
1,097 
1,097 

7,614 
10.070 
0.060 
4.147 
4.278 

07. 623 

0,048 
6,524 
11,148 
12,876 

12,568 
11,736 
08,106 
0,486 
7,088 

6,564 
6,042 
4,500 
4,766 
•4,371 

6,066 
3.398 
3,721 
3,474 
3.100 

2.734 
01.778 

6,804 
13.600 
13.700 
13.078 

1.362 
1,561 
1.561 
0897 
1,561 

1.301 
2,104 
1.600 
1.348 
1,348 

•  684 
1,362 
1,348 
1.348 
2,131 

2,062 
2.017 
0684 
1,348 
1,348 

1,348 
1,348 
1.348 
1.348 
0684 

1.348 
1.348 
2,073 
2,667 
2.687 
2.664 

10,764 
0.462 
•11,236 
16.902 
16.020 

14,170 
20,241 
24,028 
22.836 
•10,667 

18.056 
16,280 
12.820 
10.850 
0,302 

8,218 
•6,875 
7,378 
6.614 
4.830 

6,066 
4.054 
6.091 
•1.506 
6,236 

6,206 
6,071 
4,417 
6,270 
4.656 

•  684 
2,768 
1,430 
1,700 
1,064 

1.5S0 
1,682 

•  684 
1.453 
1,348 

1,641 
1.348 
1,348 
1.348 
•684 

3.206 
1,027 
2,237 
1,633 
1,648 

1.786 
•1,044 
2,423 
1,005 
2,027 

1,818 
2.861 
3,066 
02.525 
3,775 

•4.ate 

2 

2.142  !27,712  121.580 

02.434  '22.862  |21.190 

1.670   18.185  !l8,740 

2,865    16,609   ol7,600 

2,330  'l5.830   18,300 
2,323  ,ol3,658  18,800 
2,326  |l3,650  |16,310 
2,547  111,768  !l5,680 
ol,212   11,114  114,730 

2,722  1  0,682   12.730 
2,303  1  0,266  o]  1,330 
3,004  1  8.996   11.470 
2,008  07,866  i  9.460 

7.ca 

3 

3,834 

4 

3,515 

6 

3.179 

6 

2.413 

7 

2,515 

8 

•  2,396 

0 

6.759 

10 

3,807 

11 

14,490 

12 

16,100 

13 

14,480 

14 

12.278 

15 

1,656  1  0,027 

4,304     8,326 
01,886  1  7,836 

8,860  ,  3,736 

7.740  06.274 
8.590  !  4.940 

•8,031 

16 

11,889 

17 

10, 5C 

18 

6,207  1  7.256   10,810     3,235 
4,424     6.468  o6.070     2.859 
6,676     6,042  1  8.010     1.857 

o.eM 

10 

0.235 

20 

8.8S8 

21 

4.930  06,085 
5.680     6,474 
6.839     4.952 
05.544     8.086 
8.484    13,085 

9,788  114.887 
10,107  120.783 

6.910  1  3.316 
6.240     .3.808 

7,848 

22 

•  5.473 

23 

6.040 
5.620 
6,630 

03.000 
5.440 
6,610 
6.840 
7,060 
6,240 

26.346 

02, 808 
4.477 
2,483 

2.838 
2,420 
2.861 
2,706 
01. 761 

6,011 
5.240 
5,105 
4,464 
4,276 

3.864 
0684 
3.687 
3.8;J3 
2.653 

2.736 
2,663 
2,110 
0684 
4,000 

3,258 
2.810 
2.778 

8.296 

24 

11.105 

25 

10,506 

26 

14.709 

27 

12,222 

28 

14,289 
24.977 
30.027 
032,790 

02. 091 
1.864 
2,530 
2.238 
1.864 

1,441 
1,441 

019,407 
21.729 
22,192 

16.142 

13.756 

20 

•11.Q90 

30 

14.461 

31 

3,948    

15,612 

1006. 
1 

1!:?S 

0.048 

6,381 

03,500 

6,038 
5,120 
4,024 

2.440 
01.885 
3,033 
2.584 
2,747 

2,956 
3.288 
3.106 

2.574 

2 

9,089  126,346 
8.860  ;o20.998 
8,631    25.176 
04. 428  :24,041 

7.236  'l6.786 
9.942    15.260 

2,561 

3 

2.293 

4 

2.088 

6 

2,148 

0 

•  i.in 

7 

2.2S9 

8 

01.522    18.321    16.703 
1.636  I1H.H84    18.  .383 

1,901 

0 

4,700   ol,621 
4,756     3.471 

l.TM 

10 

1,978 
1.522 

19,104  JO13.240 
20.796  'l.'>.874 

1,516 

11 

4,578 
02.522 

2.775 
.3.088 

2.382 

12 

1,441    019.863  12.999 

1..522   20.239    U,XXi 

2.091    18.049   n,im\ 

02,991  '16,172    I3.5.'i8 

2,061 

13 

14 

6,418     3.274 
5.026  ,  2.903 
6,026  j  3,608 

4.360  05.940 
4.084    10,054 
3.922     9.628 
a|,781      8.833 
4.988  ,  8,212 

4.295     7.786 

•  l,e« 

2,361 

16 

2,  €34 
2.166 

16 

4,148  '15.174 
5.044    14.423 

13.333 

a7.6«N 

17 

1.996 

18 

4.839    13.073    10.294 

2.538 

19 

20 

4.414   09.155 
3,541    13,461 

1 
3,225   12.505, 
03,061    11,530 
3,225  '10.715 

9.152     2.474 
9,152     2,580 

8.  .388      a  G84 
8.<i(»7  ;  3.(i55 
7.834      2.231 

1.881 
•  1.044 

21 

1,881 

22 

3. 672 

6,560 
o2.  .375 

1.954 

23 

4,048 

1,901 

24 

25 

3.663     3,590 
3,035     3.823 

ol,781     2.829 
3.965  '  2,375 
3,763     2.375 
3. 671      2.  l.-W 

3.382    11.542   08. 131  |  2.600 
4,991    12.4Mi     7.604  <  2.747 

2,121 
684 

26 

5,945 
6.478 
8,083 

017,660    6.955  '  2.340 
22,240     6.241   <  2.235 

1,756 

27 

•  1.348 

28 

24.675  ;  .5.927 

0684 
2,590 
2.329 

1.3« 

20 

O10.942  27.034  |  5.(i24 
14,935  l'2.«i.  114  1  5  ."IQtt 

1.797 

30     .     . 

3  417 

2,0tSS 

31 

2,796 

17.364 

...".. 

02,879 

1,81S 

o  Sunday. 
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Monthly  discharge  of  Hudson  River  at  Fort  Edward,  N.  Y.^/or  1906-1908. 
[Drainage  area,  2,800  sqoare  miles.] 


Month. 


January 

February 

March 

April *. 

May 

June 

July 

August 

September 

October 

Noirember 

December 


1906. 


The  year. 


January 

Februiuy... 
March 

June 

July 

August 

September. 

October 

November. . 
December.. 


1907. 


Discharge  in  a^oond-feet. 


MftxiTn^^*" 


13,000 
7,210 
9,680 
21,500 
12,100 
9,750 
8,920 
3,500 
3,440 
4,580 
5,460 
3,940 


21.500 


Minimum. 


1,600 

1,330 

1,440 

5,750 

4,940 

1,670 

324 

324 

865 

684 

1,230 

684 


324 


14.700 

5.230 

32.800 

34.000 

21,600 

9.090 

10,900 

3.150 

8,500 

13,800 

24,900 

16.100 


1,950 

1,420 

1,210 

4.950 

3,900 

1.760 

332 

664 

664 

1.780 

1,600 

2.400 


The  year. 


34.000  I 


332 


January 

February... 

March 

April 

fSy 

June 

July 

August 

September. 

October 

November. . 
December.. 


1908. 


The  year. 


10,000 

10,100 

17,400 

27,000 

26,300 

6,010 

3.040 

1,930 

1,110 

2,690 

3,780 

2,630 


27,000 


1,780 
1,620 
1,440 
4,430 

2,880 
684 
684 
684 
684 
684 
C84 
684 


684 


Mean. 


5,320 
3,820 
4,780 
11,700 
8,840 
5.330 
3,540 
2,160 
2,050 
2,350 
3,160 
2.680 


4,640 


7,620 
3.420 
6,800 
13.500 
11,200 
4.240 
2,700 
1.730 
3,530 
7.320 
10,300 
9.040 


Per 

square 

mile 


1.90 
1.36 
1.71 
4.18 
3.16 
1.90 
1.26 
.771 
.732 
.839 
1.13 
.957 


1.66 


2.72 
1.22 
2,43 
4.82 
4.00 
1.51 
.964 
.618 
1.26 
2.61 
3.68 
3.23 


6,780 


4,680 

4,110 

4,250 

15,200 

12.800 

2,940 

1.870 

783 

953 

1,550 

1.850 

1.920 


2.42 


1.67 
1.47 
1.52 
5.43 
4.57 
1.05 
.668 
.280 
.340 
.554 
.661 


4.410  , 


Run-off 

(depth  in 

Incneson 

drainage 

area). 


2.19 

1.42 

1.97 

4.66 

3.64 

2.12 

1.45 

.89 

.82 

.97 

1.26 

1.10 


22.49 


3.14 
1.27 
2.80 
5.38 
4.61 
1.68 
1.11 
.71 
1.41 
3.01 
4.11 
3.72 


32.95 


1.92 
1.58 
1.75 
6.06 
5.27 
1.17 
.77 
.32 
.38 
.64 
.74 
.79 


21.39 


The  above 


NoTK.— Monthly  discharge  for  1906  recomputed  on  account  of  error  in  flashboard  records, 
values  supersede  those  published  in  Water  Supply  Paper  No.  202. 

HUDSON    RIVER   AT   MECHANICVILLE,  N.  Y. 

This  station  is  located  at  the  dam  of  the  West  Virginia  Pulp  and 
Paper  Company  at  Mechanicville,  a  few  miles  downstream  from  the 
entrance  of  Hoosic  River  into  the  Hudson.  Records  have  been  kept 
at  this  point  by  this  company  since  1888,  and  the  results  for  1907 
and  1908  have  been  furnished  by  R.  P.  Bloss,  engineer  of  the  com- 
pany. The  dam  at  Mechanicville  was  rebuilt  in  1904  and  now  has 
a  rounded  or  ogee  section.  A  discharge  curve  has  been  calculated, 
using  a  coefficient  of  discharge  derived  from  United  States  Geological 
Survey  experiments  on  models  of  dams  of  ogee  cross  section,  as 
published  in  Water  Supply  Paper  200. 


Digitized  by  VjOOQIC 


184 


SURFACE   WATER  SUPPLY,   1907-8. 


The  discharge  of  the  Hudson  at  Mechanicville  is  diminished  some- 
what by  water  required  in  operating  the  Champlain  Canal.  (See 
Champlain  Canal  and  Glens  Falls  feeder,  pp.  185  to  188.) 

Records  -at  this  station  are  under  careful  supervision  and  are  re- 
garded as  good. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water-supply  commission  of  New  York  and  of 
the  state  engineer  and  surveyor,  State  of  New  York. 


Daily  discharge  in  second-feet  of  Httdson  Rh^er  at  Mechanicville^  N.  K,  for  1907-^, 


Day. 


1907. 

1 

2 

3 

4 

6 


6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26., 
27. 
28. 
29. 
30. 


Jan. 


17,960 
15.790 
14.200 
18.330 
18,979 

al6,568 
16.429 
16,731 
17,220 
14,022 

13,890 
11,561 
09,836 
9.832 
9,005 

8,884 
5.221 
5,811 
6.240 
a  8, 383 

7,687 
6.120 
5.842 
6.000 
6.483 

5.604 
4,494 
4,942 
6.497 
5,568 
31 1  5,036 

1906.  I 

1 18,006 

2 1  17,214 

3 15.842 

4 1  11,832 

6 a  9, 047 


10,426 
9,015 
9,114 
9.219 
9,822 

7,981 
011,722 
9,906 
7,655 
7,985 


6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 


Feb. 


5,662 
5.440 
a4,399 
4.752 
5,129 

4,720 
4,347 
4.484 
4.871 
o4,427 

4,456 
4,661 
3,230 
4,435 
4,415 

4,193 
a3,954 
4.017 
4.219 
3,513 

3.422 
3,839 
3,022 
a4,458 
3,238 

2.513 
3,726 
2,354 


3,207 
o3,312 
3.872 
3.558 
4,979 

5.314 
5.159 
3.765 
o3,620 
4,169 

5,520 
5,221 
6.874 
7,572 
14,611 


6,948  o28,259 


6,948 

5.296 

o4,854 

7,573 


19, 487 
17,4(« 
16.990 
15.878 


3.101 
3,193 
03.200 
3,229 
2,396 

3,092 
3.273 
3,005 
2,936 
O2.900 

2.033 
3,147 
3,009 
4.343 
0,263 

8.852 
09,123 
9,293 
9,247 
7,917 

8,189 
8,548 
9,615 
O15.071 
14,037 

14,528 
14.484 
18,740 
27,477 
32,306 
036,196 


06. 716 
8,403 
9,285 
9,075 
8,562 

7,853 
6.358 
06.473 
8,546 
7,593 

7.174 
9.198 
12,047 
17,996 
*16, 101 

18.544 
13,646 
14,851 
14.248 
13,365 


36,672 
31,028 
25.262 
20.501 
19.021 

17.400 
0I6.666 
16,168 
14.234 
13,659 

12,568 
12.691 
12.761 
012. 832 
13,252 

12,001 
11,477 
10.651 
9.943 
9,565 

>8,225 
8,659 
7.959 
10.472 
16,501 

17.833 
25.928 
|o24,305 
24.533 
23.749 


28,514 
25,670 
22,404 
19.353 
ol5,765 

15.451 
16.991 
18,021 
26.075 
20.690 

26,454 
026,707 
26,454 
25.204 
22,271 

22,127 

20.560 

18.768 

al8.313 

18,963 


May. 

June. 
7,388 

July. 
6.216 

Aug. 
2.159 

Sept,  j    Oct. 

Nov. 

Dec 

20,529 

03.256 

8,072 

14,058 

•5.003 

24,326 

06.995 

5.260 

3,100 

3.427 

7,055 

12,408 

6,878 

21.989 

7.860 

4.904 

3.100 

3.280 

8.182 

013.788 

6.300 

19.412 

7.1M0 

4.935 

02,159 

3.524 

7,746 

18,846 

5.807 

023,231 

6,549 

5,251 

1,991 

8,246 

8,834 

18,063 

5,242 

21.816 

7,177 

6,666 

2,686 

10.255 

06, 071 

16.615 

5.03B 

20,931 

7,770 

05, 583 

2.865 

8,246 

8,104 

27,034 

4.628 

20.410 

8,410 

5.445 

2,654 

05,920 

8.363 

31.848 

•  3.«4 

18.076 

06.593 

4,060 

2.295 

6,096 

10.730 

20.851 

5.011 

17,277 

7.770 

3,326 

2,654 

5.880 

13.880 

o25,859 

8,248 

15.111 

6.304 

3.124 

ol,875 

6,073 

13,017 

23.838 

22,770 

013.965 

5,739 

3.618 

1,617 

9,383 

14.395 

10,346 

20.304 

13.206 

5.263 

4.983 

2.654 

6.854 

alO.296 

17,205 

16.634 

11.145 

4,913 

02.795 

2.006 

9,050 

n,506 

15,421 

14.250 

12.236 

4,948 

3,812 

1,936 

05, 583 

0,508 

13,207 

•  11.025 

10,614 

05,100 

3,062 

1,662 

7,935 

8,363 

11,375 

13.087 

14,118 

5,575 

2.962 

1.738 

7.ni 

7.548 

0  0,031 

11.785 

13,933 

4.935 

3.740 

01, 306 

5.663 

6.800 

10.254 

10,846 

011.499 

4,831 

.3,543 

2,088 

5,884 

6,476 

8,700 

10,229 

10,952 

3,587 

3,257 

4,960 

06,320 

8,024 

8,805 

10.004 

3.315 

04,095 

4.962 

7.024 

7.518 

8.824 

9,715 

4.951 

3.-896 

03, 468 

6.272 

7.816 

•  6,073 

8,733 

04,271 

3.213 

5,722 

5,093 

7.682 

11.149 

8.254 

4.643 

2.990 

5,663 

5.719 

06,202 

20,331 

8,659 

3,925 

6.661 

6,516 

5,406 

8,118 

18.201 

07.371 

4.051 

4.064 

5.719 

5.207 

7.800 

10.844 

7.644 

4.717 

3.586 

2.448 

5,791 

05.100 

7.716 

18.401 

8.769 

3,686 

03,706 

3.487 

5,065 

0.483 

7,320 

10,180 

9.479 

4.009 

3.281 

3.393 

05,320 

22,414 

6.007 

•  17.451 

8,769 

03,713 

3,251 

3,228 

8,796 

23.578 

6.808 

16.221 

8,755 

2.896 

3,170 

17,043 

18,258 

29,609 

9,168 

1.820 

1.514 

1,591 

1.144 

a  2. 000 

3,663 

31,942 

7.953 

1.875 

01. 318 

1.100 

1.280 

2,385 

21316 

031,909 

7.286 

1.610 

1,851 

002 

1,770 

2.326 

2,351 

29,539 

5.789 

1,510 

1.451 

1.107 

«1.2Q0 

1.404 

2.447 

26.729 

5,346 

ol,480 

1,367 

1,310 

1.331 

1.610 

1,041 

23,522 

4,683 

3,137 

1.910 

01,100 

1.423 

i,n3 

•  2,170 

21,009 

03,754 

2,007 

2,057 

1,070 

1.192 

1.405 

2,401 

23.199 

3.985 

2.370 

1,903 

086 

1.452 

•  040 

2.421 

25,554 

4.106 

2,105 

01,700 

073 

1,560 

1.620 

2.088 

024,705 

4,106 

2,106 

2,232 

1,143 

1,292 

1.478 

2,000 

23.716 

4.143 

1,914 

1,555 

1,256 

ol,250 

1.401 

1.826 

20,087 

3.198 

01.638 

1.555 

1,097 

1,270 

1.305 

2.137 

18,097 

2,781 

1.872 

1,371 

01,002 

1,038 

1,386 

•  076 

19,797 

02,186 

2.238 

1,342 

039 

1.170 

1,065 

2,5CS 

21,716 

2,812 

1,925 

1,310 

1.046 

1.240 

oM,320 

1.862 

18,374 

4,368 

1.640 

01,280 

1,451 

1,326 

1,640 

2.588 

016,027 

4.537 

1.700 

1,750 

1,214 

1,270 

2.970 

1,065 

15.649 

3.665 

1.734 

1,841 

1,179 

0^1,100 

1.000 

2.231 

13.348 

2,753 

01, 487 

2.107 

992 

1.210 

2,376 

2.510 

12.786 

2.753 

1.987 

2,265 

0773 

1.224 

1,427 

0557 

o  Sunday. 

*  Discharge  not  given  October  18. 1908;  assumed  1 
vey  In  order  to  make  the  year  complete. 


,100  second-feet  by  the  United  States  Oeologloal  Snr- 
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Daily  discharge  in  aeeand-feei  of  Hudson  River  at  MethanicviUe,  N.  Y.,for  1907-^ — Con. 


D.y. 

Jan. 

Feb. 

Mat. 

Apr. 
17.519 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

Dec 

ISOB. 
21 

«,687 

14,787 

11,747 

12,524 

02.566 

2,480 

1,810 

673 

1,204 

2.061 

2,597 

22 

6,725 

13,504 

al0,978 

17,848 

12.289 

2.461 

3.250 

1.840 

728 

1,270 

0454 

1,5T0 

23 

6,226 

011,906 

11,349 

16,124 

10,679 

2,579 

3.116 

al,747 

703 

1.253 

1.756 

1.605 

24 

6,702 

12,243 

16,273 

16.677 

al2. 105 

2.230 

2,695 

1,826 

734 

1,288 

1.975 

1.806 

25 

4,466 

11,479 

18,452 

16,618 

12,078 

2.130 

2.640 

2.140 

701 

o  1,061 

1,764 

1,300 

36 

«2,689 

10,069 

16,644 

al9,933 

9,778 

2.670 

a2.622 

2,108 

941 

1,254 

1.834 

890 

27 

6,743 

10.291 

18,618 

24,379 

10,026 

2.540 

2,338 

2,068 

0900 

1,438 

1.636 

«  2,014 

28 

7,186 

9,616 

21.052 

34,335 

8,365 

o2,467 

2.130 

2,0M 

987 

1,485 

3,182 

2,454 

29 

6,252 

8,243 

028,918 

32.335 

7,393 

1,940 

2,320 

1,870 

982 

2,185 

o3,518 

1,532 

30 

5,914 

32,768 

31,767 

6,423 

1.767 

2.160 

fll.790 

1,006 

2.304 

3,415 

1,732 

31 

5,795 

31,723 

«7,151 

1,721 

1,863 

2,275 

1,784 

o  Sunday. 

Monthly  discharge  of  Hudson  River  at  Mechanicville,  N,  Y.,far  1907-8. 
[Drainage  area,  4,500  square  miles.) 


Month. 


Discharge  in  seoond-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-off 
f  depth  in 
inches  on 
drainage 

area). 


1907. 

January 

February 

March 

{^:;::::::::::;:;:::::: 

June 

July 

Augnst 

September 

October 

November 

December 

The  year 

1906. 

Janoary 

Febrmuy 

March 

fi!5f::::::::::::::::::::;: 

June 

July 

Aucost 

September 

October 

November 

December 

The  year 


19,000 
5,660 
36.200 
36,700 
24,300 
8,410 
6.670 
3,490 
10,300 
23.600 
31,800 
22,800 


4,490 
2,350 
2.400 
7,960 
7,370 
3,320 
2,800 
1,310 
3,260 
5,190 
6,200 
3.490 


10,300 
4,140 
9.570 
16,600 
13,900 
5,560 
4,120 
2.390 
6,150 
9.560 
14.000 
12,000 


36,700 


1,310 


9,020 


2.29 

.920 

2.13 

3.69 

3.09 

1.24 

.916 

.531 

1.37 

2.12 

3.11 

2.67 


2.64 
.96 
2.46 
4.12 
3.56 
1.38 
1.06 
.61 
1.53 
2.44 
3.47 
3.08 


2.01 


27.31 


18,000 

28,300 

32,800 

34,300 

32,000 

9,170 

3,250 

2,260 

1,590 

2,300 

3,520 

3,660 


2,680 

3,210 

6,360 

15,500 

6,420 

1,770 

1.480 

1,280 

673 

1.040 

454 

657 


8,410 

9.690 

14.000 

22,300 

17,900 

3,760 

2,140 

1,770 

1,020 

1,380 

1,850 

2.010 


34,300 


454 


7,190 


1.87 
2.15 
3.11 
4.96 
3.98 
.836 
.476 
.393 
.227 
.307 
.411 
.447 


2.16 

2.32 

3.68 

5.63 

4.69 

.93 

.66 

.46 

.26 

.35 

.46 

.52 


1.00 


21.60 


NoTS.— Discharge  interpolated  August  20  to  26,  1907.  by  the  United  Stetes  Geological  Survey  in  order 
to  complete  the  year. 

^HAMPLAIN   CANAL   AND   GLENS  FALLS   FEEDER,    N.    Y. 

The  discharge  of  Hudson  River  at  both  Fort  Edward  and  Mechan- 
icville  is  diminished  somewhat  by  the  water  required  for  operating 
the  Champlain  Canal.  In  the  northern  portion  of  this  canal — from 
Northumberland  to  Lake  Champlain,  at  Whitehall — the  summit 
level  (between  Fort  Edward  and  Fort  Ann)  is  supplied  (1)  by  the 
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Glens  Falls  feeder,  a  branch  canal,  leaving  the  Hudson  about  2  mfles 
above  Glens  Falls,  and  (2)  by  Wood  Creek. 

At  Northumberland  the  canal  crosses  the  Hudson  and  the  south- 
ern portion  receives  its  principal  water  supply  here. 

The  quantity  of  water  diverted  from  Hudson  River  for  the  Cham- 
plain  Canal  has  been  measured  occasionally  at  various  points,  and 
a  summary  of  measurements  made  prior  to  1907  follows,  these  results 
being  compiled  principally  from  the  reports  of  the  state  engineer  of 
New  York. 

MeagwremenU  of  water  diverted  from  Hudson  River  for  Champlain  Canal. 

GlenB  Falls  feeder: 

At  guard  lock  near  feeder  dam —  '  '  8«c.-ft. 

Rafter,  Octobers,  1895 383 

Horton,  August  25,  1904 302 

At  Glens  Falln,  Change  Bridge — 

Rafter.  October  8, 1895 364 

Horton,  September  25, 1905  (11  a.  m.) 295 

Horton,  September  25,  1905  (3  p.  m.) : 292 

At  Glens  Falls,  just  above  waste  weir — 

Rafter,  October  9  and  10,  1895 213 

At  Glens  Falls,  one-half  mile  below  site  of  previous  gaging — 

Rafter,  October  10, 1895 191 

At  Sandy  Hill,  near  entrance  to  Champlain  Canal — 

Rafter,  October  11,1895 182 

Champlain  Canal,  north  from  Sandy  Hill  to  Lake  Champlain: 

Just  north  of  Glens  Falls  feeder  entrance — 

Rafter,  October  11,  1895 74 

Champlain  Canal,  south  from  Sandy  Hill  to  Northumberland: 

Notre  Dame  Street  Bridge,  Fort  Edward — 

Weeks,  August  29,  1905 78 

Weeks,  September  25,  1905 ! 138 

Champlain  Canal,  south  from  Northumberland  to  Mechanicville: 

Between  locks  9  and  10 — 

Kuichling,  October  10,  1900 131 

Kuichling,  October  11,  1900 139 

Mechanicville,  Saratoga  Street  Bridge- 
Weeks,  August  29,  1905 84 

During  1907  additional  measurements  of  flow  were  made  by  the 
hydrographers  of  the  Geological  Survey  for  the  New  York  state 
water-supply  commission,  the  results  following: 
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Meagurenunts  of  flow  in  Champlain  Canal,  etc.,  October  9  to  if,  1907. 


Na 


14 
15 
16 
17 
18 

19 
20 


LooaUty. 


Below  Northumberland. 


Oct. 

..do. 

..do., 

..do,. 

..do.. 


Champlain  Canal  at  MechanicviUe 

Spillway  near  MechanicriUe 

Spillway  at  Bemls 

Spillway  at  Stillwater 

Schayler  Creek  opposite  spillway  at  Stillwater 

Champlain  Canal  at  Stillwater 

Champlain  Canal  below  Covevllle 

Spillway  near  Co veviUe 

do 

do 

Champlain  Canal  at  Covevllle 

Champlain  Canal  at  SchuylerviUe 

Lock  at  head  of  Champlain  Canal.  Northumberland. 

Above  Northumberland. 

Look  at  end  of  Champlain  Canal,  Northumberland . .   Oct.   10 

Champlain  Canal  at  Fort  Edward do. 

Glens  Falls  feeder  at  Sandy  Hill Oct.   11 


Date. 


..do 

..do 

..do 

..do 

..do 

Oct.   10 
..do 


I 


Champlain  Canal  at  Sandy  H  ill 

Spillway  between  Fort  Edward  and  Olens  Falls 
feeder  at  Sandy  Hill. 

Olens  Falls  feeder  at  Glens  Falls 

do 


Oct. 
..do. 


Dis- 
diarge 
(second- 
feet). 


9ai 
7 

13.1 
1L3 
10-16 
101 
131 
6to8 
1 
4  or  5 
89.5 
ia2 
4-6 


3-5 


.do., 
.do.. 


12 


159 

gai 

1 

176 
313 


Mean 
velocity 
(feet  per 
id). 


aso 


1.27 
.71 


Remarks. 


.53 
.46  I 


.34 
.05 


Estimated. 
Da 


Da 
Da 
Da 


Da 
Da 


Da 


1.  Made  from  Saratoga  Street  Bridge. 

2.  This  spillway  is  about  250  yards  above  mill  of  West  Virginia  Pulp  Company  at  Mechanic ville;  is 
90  feet  across;  water  flowing  over  about  I  inch  in  depth. 

5.  Schuyler  Creek  flows  into  the  canal  opposite  the  Stillwater  spillway ;  no  measurement  of  this  could  be 
made,  but  estimated  flow  was  10  or  15  second-feet. 

6.  Measurement  from  bridge  at  Stillwater. 

7.  Measurement  from  bridge  No.  45,  opposite  W.  F.  Curtis's. 

8.  Spillway  between  bridges  Nos.  46  and  47;  not  sufficient  flow  for  measurement.  Estimated  at  5  to  8 
second-feet. 

9.  Spillway  lust  above  bridge  No.  51;  estimated  flow  at  1  second-foot. 

10.  Small  spillway  75  yards  oelow  Covevllle;  estimated  flow  4  or  5  seoond-feet. 

11.  Measurement  from  footbridge  behind  Covevllle  post-office. 

12.  Measurement  from  bridge  No.  63;  soundings  made  but  only  a  trace  of  velocity;  estimated  at  0.05 
foot  per  second.  There  are  three  spillways  just  below  this  bridge;  and  at  bridge  No.  62,  250  yards  below, 
there  Is  absolutely  no  velocity. 

13.  Lock  not  in  use  at  this  time;  estimated  leakage  4  to  6  second-feet. 

14.  Lock  at  end  of  canal;  estimated  leakage  3  to  5  second-feet. 

15.  At  East  Street  Bridge,  Fort  Edward;  current  while  soundings  were  being  made,  but  ceased  before 
measurement;  about  5  second-feet  leakage  through  lock  here. 

16.  From  Change  Bridge  west  of  trolley  line  at  Sandy  Hill. 

17.  From  bridge  45  feet  north  of  entrance  of  Olens  Falls  feeder;  current  runs  north. 

18.  There  is  but  one  bridge  between  Fort  Edward  and  Glens  Falls  feeder,  about  ISO  yards  above  Fort 
Edward  lock;  barely  a  trace  of  current  here  in  canal.  Estimated  flow  over  lock  gates,  10  or  12  second-feet. 
Between  Fort  Edward  and  Glens  Falls  feeder  is  one  small  waste  weir;  estimated  flow  over  this  1  second- 
foot. 

19.  At  plate-girder  highway  bridge  at  Glens  Falls. 

20.  At  Change  Bridge  near  feeder  dam,  Glens  Falls. 

Measurements  of  flow  in  Champlain  Canal,  etc.,  October  29  to  SO  and  November  23,  1907. 


Na 


LocalUy. 


Champlain  Canal  at  Mechanic viUe.. 

Champlain  Canal  at  Sandv  Hill 

Glens  Tails  feeder  at  Sandy  IIlll. . . . 
Champlain  Canal  at  Fort  Edward. . 
Olens Tallsfeeder  at  Glens  Falls. . . 

do 

Champlian  Canal  at  Mechanicvllle. 
(Champlain  Canal  at  Fort  Edward.. 
Olens  Falls  feeder  at  Sandy  Hill. . . . 


Date. 


Oct.   29 

..do 

..do 

..do 

Oct.   30 

..do 

Nov.  23 

..do 

..do 


Dis- 
charge 
(second- 
feet). 


130 
125 
177 
129 
203 
232 
108 
140 
176 


Mean 
velocity 
(feet  per 
second). 


a52 
.32 
.88 
.51 
.81 
.88 
.44 
.55 
.73 
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Gagings  were  made  by  the  state  engineers'  assistants  as  follows: 

Current-meter  diacharge  meoitaremerUs  of  Glens  Falls  feeder. 
AT  FIRST  BRIDGE  BELOW  DAM  ABOVE  GLENS  FALLS, 


Date. 

Hydrograpber. 

Width. 

Area  of 
section. 

hei^t. 

Dis- 
(diarge. 

1907. 
November  26... 

E.  F.  Weeks 

Feet. 
42.5 
42.5 

Sq.fea. 
238 
233 

FeeL 

8.R 
8.72 

8ec-fetl. 
223 

Do 

do 

193 

AT  FERRY  STREET  BRIDGE.  SANDY  HILL. 


November  26... 
Do 


E.  F.  Weeks. 
do 


47.5 
47.5 


231 


6.38 
6.4 


226 


From  the  foregoing  data  the  following  conclusions  have  been 
drawn  as  to  conditions  during  1907: 

Apparently  about  220  second-feet  enters  the  Glens  Falls  feeder 
from  Hudson  River.  This  is  considerably  less  than  that  found  by 
Rafter  in  1895,  and  is  occasioned  by  the  better  condition  of  the  canal 
and  the  smaller  amount  of  leakage  in  the  vicinity  of  Glens  Falls. 
About  60  second-feet  returns  to  the  river  before  reaching  Fort  Ekl- 
ward,  leaving  160  second-feet  which  enters  the  Champlain  Canal, 
and  which  should  be  added  to  the  recorded  flow  of  the  Hudson  River 
at  Fort  Edward.  Of  this  amount  about  90  second-feet  flows  north 
toward  Lake  Champlain  and  is  permanently  diverted  from  the  Hud- 
son drainage.  The  remaining  70  second-feet  flows  south  and  prob- 
ably nearly  all  gets  back  into  the  Hudson  at  or  above  the  Northum- 
berland crossing. 

The  supply  of  water  taken  for  the  southern  part  of  the  canal,  below 
Northumberland,  is  probably  about  90  second-feet,  which  with  the  90 
second-feet  flowing  north  into  Lake  Champlain  makes  a  total  of 
about  180  second-feet  to  be  added  to  the  recorded  flow  at  Mechan- 
icville. 

It  will  be  noted  that  the  gagings  have  nearly  all  been  made  late  in 
the  season  when  perhaps  the  use  of  water  was  not  at  a  maximum. 

In  view  of  this  fact  the  following  values  are  assumed  as  applicable 
during  the  portion  of  the  season  that  the  canal  is  in  operation  (from 
about  May  to  November,  inclusive) :  At  Fort  Edward  add  180  second- 
feet  to  the  recorded  flow;  at  MechanicviUe  add  200  second-feet  to 
the  recorded  flow. 
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INDIAN   LAKE   RESEBVOIB  AT   INDIAN  LAKE,  N.  Y. 

This  station  is  located  at  a  masonry  storage  dam  at  the  outlet  of 
Indian  Lake.  It  was  established  July  22,  1900,  to  determine  the 
total  outflow  from  this  reservoir.  The  drainage  area  at  this  point  is 
131  square  miles,  including  about  9.3  square  miles  of  water  surface 
of  Indian  Lake  at  the  elevation  of  the  spillway  of  the  dam. 

The  flow  of  the  upper  Hudson  has  been  controlled  to  a  considera- 
ble extent  during  the  dry  season  by  the  use  of  Indian  Lake  reservoir, 
since  its  completion  in  1899.  The  total  storage  provided  is  about 
4.7  billion  cubic  feet,  which  affords  a  discharge  of  nearly  600  second- 
feet  for  a  period  of  ninety  to  one  hundred  and  thirty  days  each  year. 

The  record  at  this  station  includes  the  elevation  of  the  water  sur- 
face in  the  reservoir,  the  depth  of  water  flowing  over  the  spillway  or 
flashboards,  the  depth  of  opening  and  the  head  on  the  main  and 
subsidiary  logways,  and  the  depth  of  the  opening  and  the  affective 
head  on  each  of  the  5-foot  sluice  gates.  A  meteorological  station 
has  also  been  established  at  the  dam  by  the  United  States  Weather 
Bureau,  and  records  are  kept  of  the  rainfall,  temperature,  etc. 

The  crest  of  the  dam  is  106.05  feet  long  in  the  clear.  To  facilitate 
the  calculation  of  discharge  over  the  spillway,  a  series  of  experiments 
was  made  at  Cornell  University  in  1899  on  a  full-sized  model  of  the 
spiDway  section,  6.58  feet  long,  from  which  the  coefficient  of  dis- 
charge has  been  determined. 

No  computations  of  discharge  have  been  made,  pending  some  cur- 
rent meter  measurements  to  rate  discharge  through  the  gates,  and 
at  present  the  record  of  reservoir  level  alone  is  available. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  The  elevation  of  the  spillway  crest  above 
mean  tide  is  1,650  feet. 

The  maximum  gage  height  of  Indian  Lake  reservoir  since  the  estab- 
lishment of  the  station  occurred  April  27, 1908,  and  was  37  feet.  The 
minimum  gage  height  was  2  feet,  and  occurred  from  March  9  to  18, 
1907. 

Information  in  regard  to  this  station  is  contained  in  reports  of  the 
state  engineer  and  surveyor,  State  of  New  York. 
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Daily  gage  height,  in  feet,  of  Indian  Lake  Reurvoir  at  Indian  Lake,  N.  Y.,  for  1907S, 

[Lester  Sevarie,  Jr.,  obserrer.] 


Day. 


1907. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

a 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


5.55 

5.75 

6.05 

6.4 

6.75 

7.0 

7.75 

7.5 

7.76 

8.05 

8.3 

8.5 

8.7 

8.85 

9.0 

9.1 

9.15 

9.25 

9.35 

9.5 

9.6 
9.65 
9.8 
9.9 
10.0 

10.1 

10.25 

10.3 

10.35 

10.4 

10.5 


Feb. 


10.5 
10.5 
10.2 
10.0 
9.85 

9.65 
9.4 
9  25 
9.0 

8.85 

8.6 
8.35 
8.15 
8.0 
7.85 

7.6 

7.35 

7.1 

6.85 

6.6 

6.35 

6.1 

5.85 

5.6 

5.35 

5.1 
4.6 
4.25 


Mir. 


4.0 

S.75 

3.5 

8.25 

3.0 

2.75 

2.5 

2.25 

2.0 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.5 
3.0 

3.5 
4.0 
4.5 
5.0 
5.5 

6.0 
6.4 
7.85 
8.65 
10.35 
11.65 


Apr. 


12.05 

12.9 

13.35 

13.85 

14.15 

14.5 

14.85 

15.15 

15.35 

15.6 

15.75 

15.95 

16.15 

16.3 

16.4 

16.55 

16.65 

16.8 

16.9 

17.0 

17.1 

17.25 

17.35 

17.75 

18.4 

19.35 

20.15 

20.85 

21.6 

22.5 


May. 


23.35 

23.8 

24.4 

25.0 

25.75 

26.25 

26.6 

26.9 

27.25 

27.5 

27.75 

28.0 

28.1 

28.25 

28.35 

28.5 

28.65 

28.85 

28.9 

29.0 

29.1 

29.15 

29.25 

29.25 

29.3 

29.4 

29.6 

29.65 

29.75 

29.85 

29.7 


Date. 


Sluice  gate    Sluice  gate 
A  open.    I     B  open. 


1907. 
January  1  to  8 — 
February  1  to  28. . 

March  I  to  9 

March  1  to  18 

May  23 

May  30 

May  31 

July  22  to  31 


Feet. 

Feet. 

5.0 

5.0 

5.0 

5.0 

5.0 



June. 


39.85 

29.9 

29.96 

30.0 

30.06 

30.1 

30.3 

30.35 

30.4 

30.5 

30.6 
30.65 
30.76 
30.85 
30,9 

31.0 

31.1 

31.1 

31.15 

31.25 

31.35 

31.45 

31.6 

31.65 

3..7 

31.75 
31.8 
31.8 
31.85 
32.0 


July. 


32.1 
32.15 
32.25 
32  35 
32.35 


Aug. 


30.6 

30.45 

30.25 

30.05 

29.85 


32.4  29.6 
32.45     29.35 

32.5  '  29.2 
32.5  29.0 
32.5    I  28.75 


32.5 

32.6 

32.65 

32.7 

32.75 

32.8 
32.8 
32.8 
32.8 
32.8 


I 


32.8 

32.85 

32.6 

32.4 

32.15 

31.9 

31.8 

31.5 

31.3 

31.1 

30.85 

28.65 

28.3 

28.05 

27.8 

27.55 

27.35 

27.1 

26.6 

26.1 

25.65 

25.25 

24.85 

24.4 

24.0 

23.6 

23.15 

23.75 

23.35 

23.1 

22.9 

22.7 


Sept 


22.45 
22.2 
21.95 
21.9 


[Nov.  j  D«c 


22.1 
22.15 
22.35 
22.4 


21.85  ,  23.6 


22.05 

22.1 

22.15 

22.2 

22.25 

22.6 

23.05 

23.3 

23.5 

23.6 


23.75 
22.85 
23.45 
24.05 
I  24.85 


I 
24.7 

,  25.0 
25.2 
25.35 

I  25.55 


23.65     25.65 
23.75  '  25.75 
2a.85     25.85 
23.85     25.9 
23.9      25.95 


23.95 

23.6 

23.35 

23.1 

22.85 

22.55 

22.35 

22.1 

22.0 

21.95 


26.0 

26.05 

26.1 

26.15 

26.3 

36.3 

26.35 

26.75 

27.26 

27.6 

27.85 


I 


28.0 

28.1 

38.75 

29.15 

29.35 

29.65 

3ao 

30.4 

30.85 

31.15 

31.85 

31.56 

31.7 

31.85 

32.0 

32.1 

32.15 

32.25 

32.35 

32.4 

32.5 

82.6 

32.7 

32.75 

32.85 

32.9 

33.0 

33.05 

33.1 

33.15 


S3.2S 
33.3 
33.35 
(33.4 
33.4 


I 


( 


'  38.45 

33.5 
33.56 
88.6 
34.1 

34.8S 

85.1 
85  25 
35.4 
35.5 

35.55 
35.55 
35.5 
35.45 
35.4 

35lSS 
35.85 
85.4 
85.75 
35.9 

36.0 
85.9 
85.75 
35.65 
35.65 
35.7 


Date. 


Sluice  gate  |  Sluice  gate 
f    A  open.        B  open. 


5.0 
2.5 
4.0 
4.41 
5.0 


1907.  I       Fttt.      I 

Augustl6to27 '  5.0 

Augtist  1  to  31 

September  2  to  4 1  5.0 

September  21  to  30 2.0. 

September  1  to  5,  21  to  25.' 

September  26  to  29 i 

Octoberl I  2.0 

December  27  to  31 ' 


FeeL 


5.0 
3.0 


1.5 


Note.— The  reservoir  gates  were  shut  during  1907  as  follows:  January  9  to  31,  March  19  to  July  31  (except 
May  23,  30,  and  31),  September  5  to  19,  and  October  2  to  December  26. 


Day. 


Jan. 


35.65 
35.6 
35.5 
3.5.35 


5 35.15 


7. 
8. 
9. 
10. 


35.08 
35.08 
35.08 
35.08 
35.08 


Feb. 


34.9 

34.9 

34.88 

34.7 

34.4 

34.2 

34.0 

33.85 

33.65 

33.3 


11 35.08  33.05 

12 35.08  .32.85 

13 35.05  32.6 

14 1  35.05  I  32.4 


Mar.     Apr.  |  May.  1  June. 


34.75  28.25  I 

34.6    I  28.5    , 

34.35  '  28.65 

34.1     I  28.85 

33.85  I  28.9    l 


33.3 

32.85 

32.4 

31.95 

31.5 


29.08 

29.35 

30.0 

30.6 

31.25 


31.08  31.9 

30.62  I  32.4 

30.15  32.9 

29.75  33.35 


15 135.0      32.62  i  29.4    133.6 


36.85 
36.65 
36.25 
35.85 
35.5    I 

35.15 
35.25 
35.62  I 
35.85 
35.9    I 

35.9    i 
35.4    , 
34.9 
34.4 
34.08 


34.4 

34.35 

34.35 

34.3 

34.25 

34.2 

34.15 

34.1 

34.08 

34.05 

34.0 
33.95 
33.9 
33.88  I 
33.85  I 


July.     Aug. 

Sept. 

Oct. 

Nov. 

Dec 

33.45 

27.15 

20.3 

14.0 

8.9 

6.55 

33.4 

26.9 

20.0 

13.85 

8.88 

6.4 

a3.15 

26.65 

19.85 

13.63 

8.75 

6.38 

32.9 

26.4 

19.62 

13.4 

8.62 

6.25 

32.65 

26.2 

19.4 

13.3 

8.5 

6ul5 

32.4 

25.9 

19.2 

13.1 

8.38 

&0 

32.15 

25.8 

18.0 

12.9 

8.25 

5.9 

31.9 

25.5 

18.8 

13.75 

8.1 

&85 

31.75 

25.26 

18.6 

12.6 

8.0 

5.76 

31.6 

25.0 

18.35 

12.4 

7.88 

6.65 

31.3 

iJ4.75 

18.0 

13.35 

7.8 

5.6 

31.0 

24.55 

17.75 

13.08 

7.7 

5.6 

30.65 

24.38 

17.6 

11.9 

7.63 

5.6 

30.4 

24.15 

17.36 

11.75 

7.55 

5.5 

30.1 

23.9 

17.06 

11.6 

7.46 

&45 
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Daily  gage  height,  in/eet,  of  Indian  Lake  Reservoir  at  Indian  Lake,  N.  Y.j/or  1907-8— 

Continued. 


i>*y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Joly. 

29.85 

29.65 

29.5 

29.3 

29.06 

29.0 

29.0 

29.0 

28.95 

28.95 

28.75 
28.45 
28.25 
28.05 
27.65 
27.4 

1908. 
16 

35.0 

34.95 

34.96 

34.9 

34.9 

34.9 

34.88 

34.88 

34.88 

34.88 

34.85 

34.85 

34.88 

34.88 

34.9 

34.9 

33.5 
34.15 
34.65 
34.85 
36.0 

35.08 
35.06 
35.06 
35.05 
35.05 

34.96 
34.9 
34.88 
34.85 

29.06 

28.75 

28.4 

28.06 

27.7 

27.25 

26.9 

26.6 

26.2 

25.85 

25.65 

25.65 

26.0 

26.75 

27.45 

27.88 

33.88 

34.1 

34.35 

34.65 

34.9 

35.0 
35.08 
35.25 
35.75 
36.2 

36.65 

37.0 

37.0 

36.9 

36.65 



33.85 

33.9 

34.0 

34.08 

34.1 

34.15 

34.05 

33.9 

33.85 

33.9 

34.0 

34.05 

34.06 

34.05 

34.15 

34.35 

33.8 

33.75 

33.7 

33.66 

33.65 

33.65 
33.65 
33.65 
33.65 
33.65 

33.65 

33.62 

33.6 

33.55 

33.5 

17 

18 

10 

2o::::::::::.:.. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Aug. 


23.66 
23.5 
23.35 
23.06 
22.85 

22.62 

22.4 

22.15 

21.88 

21.65 

21.45 

21.25 

21.05 

20.85 

20.7 

20.5 


Sept. 

Oct. 

Nov. 

16.85 

11.4 

7.38 

16.62 

11.25 

7.3 

16.4 

'11.06 

7.2 

16,15 

10.9 

7.08 

15.95 

ia75 

6.95 

15.8 

10.6 

6.85 

15.62 

10.4 

6.75 

15.4 

10.25 

6.66 

15.2 

10.06 

6.02 

15.0 

9.9 

6.6 

14.85 

9.75 

6.56 

14.65 

9.6 

6.6 

14.45 

9.4 

6.62 

14.25 

9.3 

6.62 

14.25 

9.15 
9.05 

6.62 

Dec. 


5w36 

&3 

5.2 

5.1 

5wO 

4.9 

4.85 

4.75 

4.62 

4.6 

4.5 

4.4 

4.35 

4.25 

4.15 

4.08 


Date. 


1906. 
January  1  to  6. . . 
February  3  to  14. 
February  8  to  14.. 

Marchlto27 

March5to25 

April  25 

April  26 

April  27  to  30a.... 


Sluicegate 
A  open. 


FeH. 


6.0 
'6.0 


Sluice  gate 
Bopen. 


Feet. 


1.5 
5.0 


5.0 


1.5 
2.5 
4.5 


Date. 


1906. 

Maylto5ft....* 

Mayfi 

May  21  to  23* 

July  2  to  7, 10  to  20,  and 

25  to  30 

July  8  to  9 

Augmt  1  to  December  31 . 


Sluioegate 
A  open. 


Fed. 


Shiloe  gate 
Bopen. 


FeH, 


4.6 

1.25 

3.58 

5.0 
3.0 
5.0 


a  Small  logway  open  10  feet  April  27.  and  14  feet  April  28. 

b  Main  logwav  open  1.33  feet  in  width  fh>m  May  2  to  11.    Main  logway  open  15  feet  in  width  firom  May 

I  tn  lA.      RmAll  Ia^vtav  onon  1A  fp«t.  fmm  lfft.v  \  in  ft 


^  Main  logwav  open  —  . .^«.-  „^ ^j  - 

12  to  16.    Small  logway  open  15  feet  from  May  1  to  5. 


SCHROON  RIVER  BASIN. 


DE8CBIPTION. 


Schroon  River  rises  in  Essex  County,  along  the  southern  slopes  of 
the  highest  mountains  in  the  Adirondack  group,  flows  in  a  general 
southerly  direction  for  about  45  miles  through  Essex  and  Warren 
counties,  and  joins  the  Hudson  near  Thurman.  Its  total  drainage 
area  is  550  square  miles.  Its  headwaters  reach  an  elevation  of 
about  2,000  feet  above  mean  tide,  while  at  its  mouth  it  is  at  an 
elevation  of  about  600  feet. 

Its  basin  is  largely  forested  and  contains  considerable  wild  land 
and  numerous  lakes  and  ponds.  The  most  important  of  these  is 
Schroon  Lake,  through  which  the  river  flows,  which  has  water  sur- 
face area  of  about  6.3  square  miles.  The  river  aflfords  excellent 
opportunities  for  storage  and  power  development,  which  are  under 
investigation  by  the  New  York  State  Water  Supply  Conunission. 
The  only  power  developments  are  at  Warrensburg. 
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SURFACE  WATER  SUPPLY,  1907-8. 


SOHROON  LAKE  NEAB  POTTEaSVILLE,  N.  Y. 

This  station  is  located  at  the  outlet  of  Schroon  Lake,  1  mile  from 
Pottersville  post-ofiice,  and  is  at  the  steamboat  wharf.  It  was 
established  July  8,  1908,  in  cooperation  with  the  New  York  state 
water  supply  commission,  to  obtain  information  concerning  fluctua- 
tions in  the  level  of  Schroon  Lake  in  connection  with  the  gaging 
station  on  Schroon  River  at  Riverbank.  The  gage  datum  is  at 
elevation  803.75  feet  above  mean  sea  level,  and  has  remained  the 
same  during  the  maintenance  of  the  station. 

Ipformation  in  regard  to  this  station  is  contained  in  the  Annim.! 
reports  of  the  state  water  supply  commission  of  New  York. 

Daily  gage  height  ^  in  feet  ^  of  Schroon  'Lake  near  Pottersville^  N.  K.,  for  J  908. 
(C.  H.  Glassbrook,  obsenrer.) 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1908. 
16 

July. 

1.8 

^ 

Oct. 

Nov. 

D«s. 

1906. 
1 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.7 
1.7 
1.7 
1.7 

1.8 
1.8 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.6 
1.6 

1.5 
1.6 
1.4 
1.4 
1.3 

a7 

.7 
.7 
.6 
.6 

.6 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.7 

0.6 
.6 
.6 

.5 

.6 
.6 

.6 
.6 
.6 

.5 
.6 
.5 
.5 
.5 

0.4 
.6 
.6 
.5 
.5 

:::::: 

1.0 
.9 
.8 
1.1 
1.2 

1.3 
1.3 
1.4 
1.4 
1.4 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.2 
1.2 
1.2 
1.1 
1.0 

.9 
.9 
.8 
.8 

.7 

.6 
.6 
.6 
.6 
.6 

a7 

.7 
.7 
.7 
.6 

.6 
.6 
.6 
.6 
.6 

.7 

.7 
.7 
.7 
.6 
.6 

0.6 

2 

17 

3 

18 

4 

19 

5 

20 

6 

21 

7 

22 

8 

1.8 
1.7 
1.6 

1.6 
1.4 
1.3 
1.2 
1.1 

23 

24 

25 

26 

1  27 

1  28 

29 

30 

31 

g 

10 

11 

12 

13 

14 

15 

Note  —Dam  4  miles  below  at  StarbuckviUe  closed  July  19. 

SCHROON  RIVER  AT  RIVERBANK,  N.  Y. 

This  station  is  located  on  the  steel  highway  bridge  near  Riverbank 
post-office,  between  the  towns  of  Warrensburg  and  Bolton,  about  9 
miles  north  of  the  village  of  Warrensburg,  and  about  10  miles  down- 
stream from  the  outlet  of  Schroon  Lake.  It  was  established  Sep- 
tember 23,  1907,  in  coo|>eration  with  the  New  York  State  Water 
Supply  Commission,  to  obtain  general  statistical  data  in  regard  to  the 
flow  of  Schroon  River. 

There  are  several  dams  at  the  village  of  Warrensburg  which  are 
used  for  power  development.  During  September,  1907,  a  timber  crib 
dam  for  storage  was  constructed  at  StarbuckviUe,  about  6  miles  above 
the  gaging  station.  This  dam  affords  a  head  of  about  8  feet  and 
ponds  water  to  Schroon  Lake.  Tumble  Head  Falls  begin  about  1 
mile  above  the  gaging  station  and  extend  upstream  for  about  a  mile 
farther,  affording  a  total  fall  of  some  30  feet. 
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The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  During  the  winter  months  the  discharge  is 
affected  by  ice.  Conditions  for  obtaining  accurate  discharge  are 
good,  and  a  very  good  rating  curve  has  been  developed. 

Since  1907  the  regimen  of  flow  of  Schroon  River  during  the  low- 
water  season  has  been  considerably  affected  by  the  storage  held  in 
Schroon  Lake. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water  supply  commission  of  New  York. 

Discharge  measuremenU  of  Schroon  River  at  Riverbankf  N.  Y.,  in  1907-^, 


Date. 


Hydrographer. 


width. 


Area  of 
section. 


Gage 
tiei^t. 


Dla- 
cbarge. 


1907. 
September  2... 

Do 

September  23... 
Octobers 

Do 

October  23 

November  11... 
November  14.. 
November  27... 
December  14... 
December  19  « . 

1908. 

January  23 

July  6* 

Do& 

July  16 

December  31  e.. 


Barrows  and  Hoyt. 

do 

Hoyt  and  Pierson . . 

J.  B.  Pierson 

....do 

....do 

....do 

....do 

do- 

....do 

....do 


Wood  and  Pierson. 

G.M.Brett 

....do 

..-.do 

C.R.Adams 


Feet. 
42.5 
41.5 
63.0 
67.0 
67.0 
65.0 
84.0 
71.0 
67.0 
74.0 
74.0 


72.0 
74.0 
74.0 
67.0 
57.5 


Sq.ft. 
102 
100 
177 
190 
185 
190 
419 
298 
214 
266 
262 


216 
246 
247 
163 
136 


Feet. 
1.18 
1.18 
1.90 
2.26 
2.25 
2.32 
5.47 
4.33 
2.92 
3.63 
3.48 


3.02 
2.92 
2.92 
1.87 
1.54 


Sec.-jU 
94.8 
91.2 

321 

463 

438 

492 
3,360 
2,000 

768 
1,240 
1,240 


766 
517 
514 
288 
183 


a  Anchor  Ice  at  gaging  section . 

b  Backwater  from  log  lam  below. 

c  Conditions  of  flow  slightly  affected  by  partial  ice  cover. 

Daily  gage  height,  infect,  of  Schroon  River  at  Riverbanh,  N.  Y.,for  1907-8, 

[J.  H.  Roberts,  observer.] 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept 

Oct. 

Nov. 

Dec.  1 

Day. 

Sept 

Oct. 

Nov. 

Dec. 

1907.« 
1 

2.40 
2.32 
2.30 
2.22 
2.28 

2.20 
2.28 
2.60 
2.65 
2.80 

2.90 
3.05 
3.35 
3.05 
3.90 

3.90 
4.35 
6.42 

5.88 
5.75 

2.95 
2.90 
2.85 
2.98 
2.90 

2.90 
2.80 
2.68 
2.75 
2.70 

1907.« 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1.64 
1.74 
1.79 
1.79 
0.99 

0.97 
1.04 
0.99 
0.99 
1.07 

2.75 
2.70 
2.60 
2.58 
2.58 

2.52 
2.55 
2.50 
2.45 
2.42 

5.50 
5.00 
4.55 
4.35 
3.90 

3.90 
3.55 
3.80 
3.15 
3.30 

2.60 
2.92 
3.50 
3.60 
3.62 

3.60 
3.60 
3.55  , 
3.50 
3.30 

1907.a 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31...  . 

0.99 
1.09 
1.89 
2.00 
1.90 

1.95 
1.88 
1.60 
1.20 
2.30 

2.40 
2.38 
2.35 
2.32 
2.32 

1.68 
2.20 
2.50 
2.55 

2.58 
2.70 

3.12 
3.15 
3.02 
3.00 
2.92 

2.70 
2.85 
2.80 
2.85 
3.00 

3.30 

2. 

3, 

4 

5. 

6 

7 

8. 

9 

10 

1.19 
1.31 
1.29 
1.39 

1.64 
1.60 
1.64 
1.54 
1.50 

3.15 
3.35 
3.60 
3.90 

4.08 
4.15 
4.10 
4.05 
4.00 
4.10 

a  Low-mge  heights,  S 
anpleted  at  that  time. 


OQOip] 


ts,  September  15  to  22, 1907,  caused  by  holding  back  water  in  Schroon  Lake  by  a  dam 
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Daily  gage  height,  in  feet,  ofSchroon  River  at  Riverbank,  N".  IT.,  for  /9(?7-*— Ckmtinued. 


D«y. 


Jan.     Feb. 


1 

4.1 

2 

4.0 
3.9 
3.8 
3.65 

3.6 
3.7 
3.35 
3.26 

3 

4 

6 

6 

7 

8 

g 

10 

3.2 

11 

3.25 
3.16 
3.15 
3.05 
3.2 

2.85 

12 

13 

14 

16 

16 

17 

3.0    1 

18 

2.9 

19 

3.0 

20 

3.05 

21 

3.0    , 

22 

2.9    ' 

23 

3.0 
2.95 
3.2 

'2.85 

24 

26 

26 

27 

2.8 

28 

2.85 

29 

2.75 

30.. 

3.15  , 

31 

3.1 

1 

3.6 
3.65 
3.fi5 
3.55 
3.7 

3.3 

3.3 

3.25 

3.25 

3.25 

3.2 
3.2 
3.0 
2.95 
3.15 

2.95 

2.8 

3.1 

3.25 

3.5 

3.75 

3.7 

3.9 

3.75 

3.65 

3.65 
3.55 
3.4 
3.25 


Mat. 


3.0 
3.1 
3.4 
3.3 
3.25 

3.1 

3.05 

3.0 

3.0 

3.2 

3.3 
3.2 
3.2 
3.25 
3.3 

3.45 

3.4 

3.4 

3.45 

3.6 

3.45 

3.35 

3.5 

3.6 

3.75 

3.8 
4.1 
3.9 
4.5 
5.5 
5.7 


Apr. 


6.7 

5.55 

5.45 

5.2 

4.95 

4.85 

4.9 

5.0 

5.65 

6.75 

6.1 

6.4 

6.3 

5.95 

5.8 

5.55 

5.3 

5.2 

5.1 

4.8 

4.7 
4.6 
4.4 
4.3 
4.5 

4.6 
4.9 
5.5 
6.1 
6.05 


May. 


June. !  July. 


6.1 

6.25 

6.2 

6.0 

5.8 

5.55 

6.4 

5.7 

5.95 

5.9 

5.7  I 
5.4    I 
5.35 
5.25  I 
5.05 

5.0    1 
5.05 
5.0    1 

4.8  ' 
4.65 

4.3 

4.15 

4.15 

4.0 

3.95 


3.66 
3.6    I 
3.45 
3.35 
3.8 

3.85 

2.85 

2.9 

3.3 

2.65 

2.4 

3.6 

3.35 

2.15 

2.35 

2.45; 
2,4    ' 

2.3  I 
3.55 

3.4  I 

3.55 
3.45 
3.4    , 
3.2    j 
3.4 


3.8 

3.35 

4.15 

3.25 

3.7 

1.8 

3.7 

1.9 

4.2    j 

3.3 

3.8    1 

3.6 
3.1 
3.1 
3.1 
1.8 

2.85 

2.4 

2.35 

2.15 

2.1 

2.1 

1.3 

2.05 

2.0 

1.96 

1.7 

1.4 

1.36 

1.26 

1.4 

1.3    , 
1.3 
1.2 
1.3    ' 

1.35  I 

1.25  ! 

1.36  i 

1.26  ' 
1.26  i 
1.35  , 
1.2 


Au^. 


1.16 
1.2 
1.26 
1.2 
1.36 

1.29 
1.19 
1.24 
1.14 
1.34 

1.69 
1.39 
1.29 
1.24 
1.24 

1.14 
1.24 
1.24 
1.19 
1.29 

1.29 
1.24 
1.14 
1.24 
1.29 

1.34 
1.39 
1.39 
1.34 
1.34 
1.39 


Sept,  j  Oct.     Nov.    Dec. 


1.39 
1.29 
1.29 
1.34 
1.39 


I 


1.48 
1.63 
l.OB 
1.03 
1.58 


1.02 
1.52  I 
1.82 
1.72 
1.77 


1.29 

1.53 

,.57 

1.39 

1.58 

1.02 

1.39 

1.53 

a92 

1.39 

1.48 

1.67 

1.34 

1.38 

1.67 

1.29 
1.34 
1.24 
1.39 
1.74 

1.79 
1.74 
1.48 
1.28 
1.13 


I 


1.06  ' 
1.68 
1.48 
1.48  ' 
1.58  I 

1.63 
1.06  < 
a98 
1.48 

1.48 ; 


I 


1.67 
1.62 
1.62 
1.57 
1.47 

1.62 
1.67 
1.57 
1.57 
1.62 


I 


1.63 

1.48 

1.52 

1.63 

1.43 

1.42 

1.58 

1.38 

1.57 

1.58 

1.38 

1.47 

1.53 

0.93 

1.57 

1.03 

0.98 

1.62 

0.98 

1.63 

1.57 

1.48 

1.68 

1.67 

1.68 

1.68 

1.63 

1.63 

1.67 
1.57 

1.67 

1.67 
1.62 
1.57 
1.62 
1.57 

1.97 
1-57 
l.n 
2.47 
l.n 

1.06 
1.6S 
1.61 
1.71 
1.61 

1.66 
1-71 
1.61 
1.66 
1.51 

1.61 
1.56 
1.61 
1.56 
1.46 

1.51 
1.41 
1.46 
1.46 
1.41 
1.46 


o  River  did  not  freeze  over  near  the  gage  January  to  March,  1908,  but  condJtloiu  of  flow  may  have  been 
somewhat  affected  bv  ice  conditions  during  ttiis  p«1od.  River  froten  December  6  to  31, 1906.  Conditions 
of  flow  somewhat  affected  by  iog  jams  dunng  the  first  part  of  July. 

Rating  table  for  Schroon  River  at  Riverhanh,  N,  Y.^for  1907-8. 


Gage 
height. 

Feet. 

Dis- 
charge. 

Gage 
'  height. 

Dis- 
charge. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Oace 
height. 

Dis- 
charge. 

Sec.-ft. 

Feet. 

Sec.'ft. 

See.-ft. 

1   r«.. 

See.-fl. 
2,102 

0.90 

35 

;    2.00 

350 

1    3.10 

900 

4.40 

1.00 

53 

;     2.10 

390 

3.20 

966 

,     4.60 

2,327 

1.10 

74 

1'    2.20 

432 

'    3.30 

1,040 

l|    4.80 

2,561 

1.20 

97 

I    2.30 

476 

3.40 

1,120 

!    6.00 

2;800 

1.30 

122 

1    2.40 

522 

3.50 

1,200 

5.20 

3,040 

1.40 

149 

2.50 

5fi8 

3.60 

1,290 

5.40 

3,280 

1.50 

178 

2.eo 

618 

3.70 

1,380 

L    6.60 

3,520 

1.00 

210 

1    2.70 

668 

,    3.80 

1,474 

'     6.80 

3,760 

1.70 

242 

,     2.80 

7'*1 

3.90 

1,572 

l'    6.00 

4,000 

1.80 

27<i 

'     2.90 

776 

4.00 

1,674 

|l    6.20 

4,240 

1.90 

312 

3.00 

1 

836 

4.20 

1 

1,884 

1    ^^ 

4,480 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed  channel  conditions.    It  is  besed  on  16 
discbarge  measuremenU)  made  during  1907  and  1908  and  is  well  defined. 
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Monthly  discharge  o/JSchroon  River  at  Riverbank,  N.  Y.,/or  1907-8. 
(Drainage  area,  534  square  miles.] 


Month. 


September. 

October 

November. 
December.. 


1907. 


January 

February.. 

March 

Aprtl 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


1006. 


The  year. 


Discharge  in  second-feet. 


Mftxlnmm. 


476 

721 

3,860 

1,S40 


1,780 
1,570 
3,640 
4,480 
4,300 


i,aoo 

207 
273 


237 


4,480 


\finlniiim. 


048 


568 


604 
721 
836 
1,990 
1,380 
276 
97 
83 
49 
40 
39 
144 


Mean. 


184 

545 

1,530 

1,130 


1,010 

1,130 

1,300 

3,160 

2,790 

700 

335 

117 

160 

150 

195 

198 


Per 
square 
mile. 


0.345 
1.02 
2.87 
2.12 


1.89 
2.12 
2.43 
5.92 
5.22 
1.31 
.627 
.219 
.300 
.298 
.365 
.371 


l.M 


Run-off 
(depth  hi 
mcnes  on 
drainage 

area). 


Accu- 
racy. 


0.38 
1.18 
3.20 
2.44 


2.18 

2.29 

2.80 

6.60 

6.02 

1.46 

.72 

.25 

.33 

.34 

.41 

.43 


23.83 


a  Not  natural  flow.    (See  gage  heights.) 


Note.— Discharge  January  to  March  may  be  slightly  too  high  on  account  of  ice  conditions  below  the 
station.  July  is  somewhat  too  large  on  account  of  log  Jams.  June  has  been  corrected  approximately  on 
account  of  backwater  caused  by  logjams.  Discharge  Decembers  to  31,  1906,  196  second-feet;  estiniated 
oo  the  basis  of  a  measurement  made  December  31  imder  ice  conditions. 

The  monthly  discharges  for  April,  May,  and  June  have  been  revised  and  differ  Islightly  from  those 
published  in  tne  fourth  annual  report  of  the  State  water  supply  of  New  York,  being  based  on  additional 
data  recently  available. 

SACANDAGA  RIVER  BASIN. 

DESCRIPTION. 

Sacandaga  River  is  formed  by  three  principal  branches  which 
unite  in  the  southeastern  part  of  Hamilton  County  in  the  Adirondack 
region.  The  West  Branch  is  the  outlet  of  Piseco  Lake,  the  Middle 
Branch  is  the  outlet  of  Sacandaga  and  Pleasant  lakes,  while  the 
East  and  principal  branch  issues  from  a  series  of  small  ponds  and 
lakes  in  the  southwestern  part  of  Warren  County.  The  East  and 
Middle  branches  unite  a  few  miles  north  of  Wells  and  are  joined 
by  the  West  Branch  a  short  distance  below  Wells.  The  river  then 
flows  southeasterly  to  about  5  miles  below  Northville,  where  it 
turns  and  runs  northeasterly  to  the  Hudson  River  at  Hadley.  Its 
total  drainage  area  comprises  about  1,050  square  miles. 

Sacandaga  Lake,  the  highest  of  the  tributary  lakes  in  the  head- 
waters, is  about  1,700  feet  above  mean  tide;  at  its  entrance  into  the 
Hudson  the  Sacandaga  is  at  an  elevation  of  about  550  feet.     Between 
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Northville  and  the  mouth  of  the  rirer  there  is  a  fall  of  about  180 
feet  rchieflr  concentrated  m  the  5  miles  below  Conklingville)  entirehr 
unutilized.  There  are,  in  fact,  no  power  developments  on  the  Sacui- 
daga. 

The  drainage  area  of  this  river  is  largely  in  forest.  Precipitation 
is  high,  the  mean  for  the  year  being  about  49  inches,  whereas  that 
of  the  whole  Hudson  drainage  area  above  Mechanicville  is  only 
about  43  inches.  Possibilities  for  storage  on  the  Sacandaga  are 
great  and  the  state  water-supply  commission  of  New  York  propose 
a  high  earth  rock-fill  dam  at  Conklingville,  the  reservoir  storing 
about  25  billion  cubic  feet  of  water,  with  a  water  surface  of  about 
40  square  miles,  and  controlling  practically  the  entire  flow  of  the 
Sacandaga  basin.  Their  plan  proposes  also  to  develop  the  total 
fall  obtained  between  Conklingville  and  the  Hudson — approximately 
200  feet — which  will  afford  25,000  to  30,000  continuous  horsepower. 

SACANDAGA   BIVEK   AT   WEIXS,  X.  Y. 

This  station  is  located  on  the  steel  highway  bridge  over  the  East 
Branch  of  Sacandaga  River  in  the  southern  part  of  the  village  of 
Wells,  alxiut  2i  miles  above  the  junction  of  the  East  and  West 
branches.  It  was  established  August  26,  1907,  in  cooperation  with 
the  New  York  state  water  supply  commission,  to  obtain  general 
statistical  and  comparative  data  regarding  the  flow  of  this  river. 

The  gage  datum  has  been  the  same  during  the  maintenance  of  the 
station.  During  the  winter  months  the  discharge  is  usually  affected 
by  ice.  Conditions  for  obtaining  the  accurate  discharge  are  good, 
and  a  fairly  good  rating  curve  has  been  developed. 

Information  in  regard  to  this  station  is  contained  in  the  Runual 
reports  of  the  state  water-supply  commission  of  New  York. 

Dinrharffe  nifosurfrnntts  of  Sacandaga  liiier  at  Wells  j  N.  1".,  in  1907S. 


Dale.  Hydrographer. 


AiiKusi  jr,n Fiarrows  and  Hort. 

Au^'u-f,  2i>>' 4o     *. .. 

Hc\>u-Jn\>eT  2*).  .    J.  H.  TifTson 

Oclo>MT  7 <lo 

!><> 'Jo 

OftofxT'il do...' 

Nov»Tnb»'r  he do 

Nov«frif;<r  2\ do 

Dect'inlxr  18 do 


January  27'* I).  M.  \Voo<I. 

Jiinj'  2i'> do 

BfpUrnit>*T  10<'.[ do 


Width. 

Area  of 
sectkML 

heJ^t. 

charse. 

Feet. 

Sq.fU 

FeH, 

Sec-fU 

37.5 

21.4 

3.72 

23.0 

50. 0 

47.4 

3.72 

2&8 

66.0 

145 

4.40 

178 

67.0 

172 

4.84 

318 

67.0 

166 

4.84 

284 

67.0 

170 

4.85 

335 

05.0 

384 

7.50 

3,150 

68.0 

1« 

5. 20 

542 

70.0 

218 

&45 

636 

67.5 

168 

4.64 

200 

67.0 

110 

4.25 

U5 

36.5 

24.8 

3.50 

11.7 

a  Wading  mj'asurrment  about  1  mile  above  gag<e. 
b  Wading  nx'a'^urpment  about  WW  feet  above  gage. 
c  Measurement  made  witii  surface  floats  Dear  Diidge. 
d  Poor  meaburiog  coodltionfl;  anchor  loe. 
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Daily  gage  height,  in  feet,  ofSacandaga  River  at  WelU,  N.  Y.yfor  1907-8. 
[Frank  F.  Stanyon,  Jr.,  and  Roscoe  R.  Stanyon,  observers.] 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

] 

r 

1 

16 

^y. 

Aug. 

Sept. 

Oct 

Nov. 

Deo. 

1907. 
1 

3.72 
3.72 
3.82 
4.80 
6.06 

4.72 
4.60 
4.24 
4.20 
4.30 

4.69 
6.70 
6.06 
4.66 
4.45 

4.48 
4.45 
4.66 
4.52 
6.16 

4.96 
6.10 
4.88 
4.92 
6.16 

6.06 
4.96 
6.60 
6.30 
6.18 

6.65 
6.70 
7.60 
6.96 
6.16 

6.65 
8.16 
7.80 
7.08 
6.36 

6.06 
5.98 
6.80 
6.55 
5.45 

6.02 
4.96 
4.95 
4.95 
4.92 

4.91 
4.89 

4.87 

»7. 

4.26 
4.26 
4.18 
4.12 

6.16 
5.08 
5.00 
4.90 

4.88 

4.85 
4.85 
4.82 
4.79 
4.68 

4.60 
4.65 
6.62 
6.76 
6.10 
6.38 

6.35 
5.30 
6.20 
6.15 
5.10 

5.05 
5.30 
6.19 
5.18 
5.18 

5.18 
5.18 
6.16 
5.10 
5.10 

2 

17 

3 

18 

4         1 

9 

5 

....... 

4.12 

6 

\l 

4.11 

S2 

4.12 
4.0G 
4.25 

8 

B 

9           

4.85      J 
4.82   '  : 

>A 

10 

15 

3.72 

3.72 
3.72 
3.71 
3.70 
3.70 
3.70 

4.45 

4.35 
4.25 
4.20 
4.46 
4.42 

11 

6.08 
7.05 
6.12 
5.38 

i6 

12              

27 

13 

» 

14         

29 

15                         .   . 

JO 

Jl 

1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.71 
6.51 
6.34 
5.94 
6.86 

6.98 
6.61 
7.28 
8.16 
7.78 

a  41 

7.94 
7.44 
7.94 
7.66 

6.81 
6.56 
6.36 
7.24 
7.11 

6.91 

e  86 

7.26 

8.78 
9.18 

8.94 
9.08 
8.76 
8.41 
8.31 

8.8^ 

June. 

July. 

.\ug.  '  Sept. 

Oct. 

Nov. 

4.29 
4.26 
4.20 
4.02 
4.04 

4.00 
3.96 
3.93 
3.92 
3.92 

4.05 
4.38 
4.31 
4.21 
4.20 

4.20 
4.09 
4.06 
4.05 
4.12 

4.15 
4.07 
4.08 
4.09 
4.24 

4.52 
5.05 
4.78 
4.40 
4.36 

Dec. 

1908. 
1          

4.79 
6.12 
6.28 
6.24 
6.26 

6.41 
6.48 
6.46 
6.44 
6.41 

6.28 
6.14 
4.81 
4.91 
7.11 

8.76 
7.26 
6.56 
6.44 
6.16 

5.94 
5.94 
6.71 
5.56 
6.48 

6.31 
5.31 
6.28 
6.21 

6.18 
6.08 
6.08 
6.14 
6.14 

6.14 
5.01 
4.96 
4.96 
4.96 

4.96 
4.98 
6.06 
5.06 
6.91 

6.04 
5.94 
5.81 
5.66 
5.56 

5.41 
5.38 
5.36 
5.56 
5.86 

5.81 
6.41 
7.46 
8.56 
7.54 
7.U 

«i 

6.68 
6.70 
6.42 
6.28 
6.28 

6.18 
6.05 
4.98 
4.95 
4.95 

4.88 
4.80 
4.72 
4.65 
4.60 

4.52 
4.45 
4.50 
4.60 
4.60 

4.48 
4.40 
4.35 
4.35 
4.35 

4.28 
4.18 
4.15 
4.12 
4.09 

4.08 
4.05 
4.02 
4.00 
4.02 

4.00 
4.05 
4.12 
4.06 
4.00 

3.95 
3.92 
3.90 
3.88 
3.84 

3.80 
3.82 
4.32 
4.42 

4.18 

4.07 
4.10 
4.04 
3.98 
3.94 

4.00 
4.01 
3.98 
3.99 
3. 92 
3.82 

3.81 
3.74 
3.72 
3,77 
3.80 

3.92 
3.94 
3.91 
3.82 
3.88 

3.84 
3.77 
3.76 
3.81 
3.78 

3.76 
3.77 
3.82 
3.80 
3.80 

3.79 
3.73 
3.78 
3.72 
3.69 

3.66 
3.65 
3.62 
3.60 
3.60 
3.60 

3.59 
3.58 
3.57 
3.57 
3.56 

3.54 
3.58 
3.59 
3.57 
3,64 

3.64 
3.54 
3.52 
3.51 
3.50 

3.50 
3.50 
3.49 
3.49 
3.48 

3.46 
3.45 

3.90 
4.02 
4.04 
4.04 
3.91 

3.87 
3.85 
3.78 
3.75 
3.72 

4.02 
3.96 
3.93 
3.88 
3.85 

3.81 
3.80 
3.77 
3.74 
3.72 

3.71 
.^70 

4.49 

2  

10.32 

a  10 

8.10 
8.36 

7.85 
7.50 
7.55 
7.35 
6.65 

8.10 
6.70 
6.38 
6.00 
6.30 

6.30 
5.98 
6.22 
5.58 
5.62 

5.40 
5.65 
6.52 
5.62 
5.78 

5.22 
5.35 
5.28 
5.32 
5.30 
5.55 

4.40 

3              

4.16 

4     

4.62 

5 

4.44 

6  

4.29 

7          

4.60 

8 

6.18 

9 

6.20 
6.20 

6.20 
6.20 
6.18 
6.10 
6.00 

6.01 
6.06 
6.10 
6.10 
6.12 

4.98 
4.90 
6.02 
6.00 
4.90 

4.90 
4.70 
4.65 
4.70 
4.70 
4.66 

6.34 

10 

6.30 

11 

5.22 

12 

5.16 

13 

6.06 

14 

6.00 

16 

4.96 

1« 

4.86 

17 

4.74 

18 

4.61 

19 

4.60 

20. 

4.58 

21 

4.50 

22 

4.48 

23 

3. 46  '     %.  70  1 

4.50 

24 

3.47 
3.47 

3.46 
3.48 
3.50 
4.22 
4.08 

3.72 
3.72 

3.86 
4.75 
4.40 
4.69 
4.61 
4.40 

4.50 

25 

4.48 

26 

4.45 

27 

4.46 

28 

4.45 

29 

4.44 

30 

4.46 

31 

4.48 

! 

1 

NoTK.— Conditions  of  flow  probably  affected  by  Ii*  January  to  March,  1908. 
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SURFACE  WATER  SUPPLY,  1907-8. 


Rating  table  for  Sacandaga  River  at  WelU,  N.  Y.,for  1907^. 


A. 

Fat. 

1 
Dis- 
charge. 

Case 
height. 

Dia- 
charge. 

Gage 
.height. 

Dis- 
charge. 

See.'ft. 

Feet. 

See.-ft. 

1    Ferf. 

« ! 

3.50 

12    , 

4.80 

300 

1      6.10 

3.60 

17   ! 

4-90 

340 

'      6.20 

1,300   : 

3.70 

24 

5.00 

380 

6.30 

1,410 

3.80 

35 

6.10 

430 

,      6.40 

1.530 

3.90 

50 

5.20 

480 

6.50 

1,660     ' 

4.00 

70 

5.30 

540 

!      6.60 

1,790     1 

4.10 

92 

5.40 

600 

6.70 

1,920     1 

4.20 

115    ! 

5.50 

670 

,      6.80 

2,060 

4.30 

140    ' 

5.60 

740 

1      6.90 

2,200 

4.40 

165    i 

6.70 

820 

7.00 

2,360 

4.50 

195    1 

5.80 

900 

7.20 

2,660 

4.60 

225    1 

5.90 

990 

7.40 

2,960 

4.70 

2G0 

6.00 

1,090 

7.60 

3,320 

height. 


Fea. 
7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
11.00 


D\9- 
charge. 


See.-ft. 
3,660 
4,000 
4,340 
4,680 
5,020 
5.360 
5,700 
6,040 
6,380 
6.720 
7,060 
7,400 
9,100 


Note.— The  above  table  is  not  applicable  for  Ice  or  obstructed-channel  conditions.  It  is  based  on  13 
discharge  measurements  made  during  1907-8,  and  is  fairly  well  deflned  between  gage  heights  3.5  feet  and 
5.6  feet.    Abo\'e  5.5  feet  it  Is  based  on  one  measurement  at  7.5  feet. 

Monthly  discharge  of  Sacandaga  River  at  Wells,  JV.  F.,  for  J907-S. 
[Drainage  area,  263  square  miles.] 


Month. 


Discharge  in  seoond-feet. 


Maximum. 


August  25-31. 
September... 

October 

November.. . 
December 


1907. 


26 

820 

2,000 

4,260 


January.. 
February . 

March 

April 

May 


1908. 


4ay. 


June 

July 

August 

September . 

October 

Novemlwr. 
December.. 


5,290 

4,950 

6,010 

7,940 

820 

171 

58 

120 

280 

405 

564 


The  year. 


7,940 


Minimum. 


24 
26 
186 
406 


242 


360 

954 

492 

90 

35 

17 

9 

24 

54 

106 


Mean. 


25 
186 
518 
1,120 
800 


450 

862 

997 
3,140 
2,050 

297 
73.6 
32.1 
18.7 
71.2 

121 


Per 
square 
mile. 


0.096 
.708 
1.97 
4.26 
3.04 


1.71 
3.28 
a79 
11.90 
7.79 
1.13 
.280 
.122 
.071 
.271 
.460 
1.01 


I 


Run-off 

(depth  in 

inches  on 

drainage 

area). 


0.02 
.78 
2.27 
4-75 
3.50 


Acco- 
racj. 


1.97 

C. 

3.54 

C. 

4.37 

c. 

13.28 

A. 

8.98 

A. 

1.26 

B. 

.32 

B. 

.14 

C. 

.08  !  C. 


.31 
.51 
L16 


2.65 


Note.— Discharra  December  15,  1907,  to  February  14,  1908,  estimated  on  the  basis  of  general  run-off 
conditions  in  the  I  pper  Hudson  River  drainage  basin. 

Second-feet. 

Discharge  December  15  to  31, 1907 039 

February  1  to  14,  1908  KG 

SACANDAGA   RIVER   AT   NORTHVILLE,    N.    Y. 

This  station  is  located  about  three- fourths  of  a  mile  upstream  from 
the  steel  highway  bridge  at  Northville,  and  was  established  August 
26,  1907.  It  has  been  maintamed  in  cooperation  with  the  New  York 
State  Water  Supply  Commission  to  obtain  general  statistical  and 
comparative  data  regarding  the  flow  of  the  Sacandaga. 
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The  station  is  about  1  mile  below  the  outlet  of  East  Stony  Creek 
and  about  2  miles  below  West  Stony  Creek.  It  is  about  IJ  miles 
above  a  low  storage  dam  at  Sacandaga  Park  in  Northville.  Pondage 
from  this  dam  extends  to  the  highway  bridge  at  certain  stages. 

The  datum  of  the  gage  has  remained  the  same  during  the  main- 
tenance of  the  station.  The  United  States  Weather  Bureau  main- 
tains a  river  and  flood  station  at  the  steel  highway  bridge.  During 
the  winter  months  the  discharge  is  usually  affected  by  ice  to  such  an 
extent  that  gage  readings  are  discontinued.  Conditions  for  obtain- 
ing the  accurate  discharge  for  the  remainder  of  the  year  are  very 
good  and  an  excellent  rating  curve  has  been  developed. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water  supply  commission  of  New  York,  and  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Sacandaga  River  at  Northville^  N.   F.,  in  1907-8, 


Date. 


1907. 

August  24a... 

Do.« 

September  25 . 
September  27 . 
October  8 «» . . . 
October  18.... 
October  22.... 
November  7  « . 
November  9. . . 
November  20.. 
November  22.. 
December  21  d. 


1908. 
Janaary  1 . . . 

June  25 

Jaly2« 

September  15  «. 
Do.* 


Hydrographer. 


Barrows  and  Hoyt. 

do :... 

J.B.  Pierson 

do 

....do 

do 

do 

do 

do 

do 

do 

Wood  and  Pierson. . 


J.  B.  Pierson 

D.M.Wood 

Wood  and  Brett. 

D.M.Wood 

do 


Width. 

Area  of 
section. 

hei^t. 

Feet. 

Sq.ft. 

Feet. 

55.0 

57.1 

0.86 

55.0 

57.5 

0.86 

260 

95a 

2.03 

260 

930 

1.92 

274 

1,340 

3.89 

264 

1,000 

2.58 

262 

855 

2.31 

284 

2,570 

9.68 

277 

1,420 

5.81 

264 

953 

2.78 

266 

958 

2.98 

180 

1,490 

7.28 

273 

1,300 

4.54 

259 

644 

1.45 

93 

146 

1.25 

41.5 

48.6 

0.66 

41.0 

41.0 

0.66 

Db- 
charge. 


Sec-ft. 
76.9 
76.0 
603 
466 
3,310 
1,020 
868 
18,300 
6,310 
1,360 
1,410 
1,200 


3,350 
284 
191 
42.2 
38.9 


a  Wading  measmvment  about  one-eighth  mile  above  gage. 
b  River  rose  1.02  feet  during  the  measurement*  results  approximate. 
«  Measurement  made  with  surface  floats  near  Northville  bridge. 

d  River  frozen  and  gorged  with  anchor  ice  from  about  one-half  mile  above  the  gage  to  the  dam  2  miles 
below  the  gage.    Gage  height  to  top  of  ice,  7.33  feet;  thickness  of  ice,  0.2  foot. 
«  Wading  measurement  about  800  feet  above  gage. 
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SUBFACE  WATEB  SUPPLY,  IWIS. 


1., 
2. 
3. 
4., 
6. 

6.. 

7. 
8., 
9. 
10. 

11.. 
12., 
13. 
14. 
15. 

16.. 
17. 
18.. 
19. 
20. 

21. 
22. 
23. 
24. 
26. 

26. 
27. 
28. 
29. 
30. 
31. 


Daily  gage  height,  in  feet,  of  Saoandaga  JHver  at  NorthvilU,  N.  T,,for  19C7-^. 
[E.  E.  Pftrkes,  obsenrer.] 


IHJ. 

1 
Aug. '  Sept.  Oct. 

Nov. 

Dec. 

THj 

1 
Aog. 

Sept. 

Oct. 

Not. 

Dmc 

1907. 
1 

! 

1  a84 

2.88 
2.38 
2.13 
2.23 
3.33 

2.83 
2.  .18 

3.63 
3.38 

\'\ 

4.90 

4.60 
9.68 
a32 

5.80 
4.98 

4.58 
4.18 
3.64 
3.64 
3.36 

2.38 
2.40 
2.34 
2.30 
3w76 

4.08 
3.98 
4.08; 
3.98 

6.88 

6.28 
4.98 
4.08 
3.98  1 
6.78 

1907 
16 

1 

1.90 
1.78 
1.60 
1.52 
L48 

1.53 
1.56 
1.48 
1.68 
-2.03 

1.96 
1.80 
1.70 
1.83 
3.36 

2.88 
2.73 
2.00 
2.48 
2.40 

2.38 
2.33 
2.23 
2.18 
2.13 

2.06 
2.00 

(•) 

i'^ 

4.06 

3.04 
2.96 
2.86 
2.85 
2.76 

2.78 
2.96 
3.46 

Z87 
2.86 

zm 

2.70 
2.64 
2.66 
2.48 

&a8 

2 

84 

17 

5. 18 

3 

.98 

18 t 

4.58 

4 

1.55 

19 ! 

6.38 

S 

•  1.95 

20....::::.:.::::.  '.  :::: 

6.83 

e 

2.13 

21 ! 

7  28 

7 

1.90 

22 

6.S5 

8. 

1.88  (  3-38 

23 

8.23 

9 

1  1.62 

4.18 
3w68 

24 

25 

26 

27 

28 

29 

30 

31 

a86 

1  •» 

,    .86 

1    .88 

88 

88 

.82 

84 

1 

7.48 

10... 

.   .'  1.98 

6l48 

11 

1.88 

4.*68 

12 

3.44 

4.18 
3.83 
3.48 
3.18 

4.18 

13. 

2.70 

4  08 

14 

2.28 

&.ao 

16.. 

2.00 

5.10 

&2S 

Day. 


1906.5 


Jan.  j  Feb 


I 


I 


4.55 
5.10 
3.70 
3.50 
5.25 

8.20 
8.10 
a  45  ' 
8.20 
7.20 

7.00 
8.20 
7.00 
6.20 
5.80 

6.00 
6.30 
6.00 
5.30 
4.70 

I 
5.10 
5.40  I 
5.20 
4.70  ; 
4.40 

5.10 


Mar. 


Apr. 


4.20 


6.00 
8.00 
7.00 


May.  '  June.  |  July. 


I 


9.20 
&92  I 
7.95  I 
&98  I 
6.25  I 

5.75 
6.08  ! 
6.02  I 
6.70  I 
6.82  ^ 

6.51  I 
6.02  I 
5.00 
6.52 
6.18 


8.10 
9.82 
8.92 
8.  .50 
8.9.5 


6.92  , 
5.00  I 
4.90 
5.00 
5.30 

4.40 

4.85 
4.02 
4.50 
4.00 

3.90 
3.65 
3.12 
4.00  I 
3.90 
4.30    . 


4.10 
3.30 
3.32 
3.40 
3.30 

3.60 
3.30 
2.32 
1.92  I 
2.02 

1.98  ' 
1.80  , 
1.75  I 
1.65 
1.70  I 

2,55 
1.92  ' 
1.75  I 
1.60  f 
2.30  ! 

2.02  i 
1.95 
1.82 
1.78  ' 
1.62 

1.50 
1.40  j 
1.35  1 
1.32  I 
1.30  . 


Au«. 


1.30 
1.26 
1.22 
1.22 
1.20 

1.22 
1.26 
1.40 
1.42 
1.28 

1.22 
1.20 
1.00 
1.76 
1.10 

1.25 
1.26 
1.48 
2.28  , 
1.90 

1.56  , 
1.60 
1.65  ' 
1.40  I 
1.32 

1.10 
1.35 
1.28 
1.65 
1.30 
1.28 


1.10 
1.50 
1.25 
LOO 
1.60 

1.16 
1.25 
1.26 
1.20 
1.12 

1.10 
1.12 
1.10 
1.60 
1.00 

.95 
.95 
1.48 
1.13 
1.23 

1.10 
.95 
.93 
.96 
.95 

.80 
.85 
.83 
.83 
.80 
.80 


Sept  i  Oct. 


aso 

.78 
.78 
.80 
.80 

.75 
.78 
.78 
.76 
.75 

.71 
.71 

.n 

.71 


1.36 
1.68 


1.26 
1.26 
1.36 
L18 
1.06 

L06 
L21 
.96 
.96 
.96 

1.06 
LS6 
1.26 
1.16 
1.06 

1.06 
1.00 
.96 
.96 
.96 

.91 
.91 
.91 
.87 
.96 

.96 
1.91 
ZOO 
2.26 
2.06 
1.76 


Nov.     Dec 


1.48 
1.31 
L31 
1.26 
1.21 

1.16 
L21 
1.24 
L19 
1.18 

1.16 
1.86 
1.86 
1.66 


1.88 
1.M 
2.56 
2.  46 
1.96 

1.88 
1.96 
6.76 
5.56 
5.26 


1.46'.. 

1.51  ,.. 

.... 

1.51    .. 

1.46  ,.. 

1.51  !.. 

.... 

1.51  L 

J.OO 

1.68 

1.58 

L86    

2.61 

2.58 

2.36 

2.07 

2.46    

oGage  height  over  the  top  of  the  gage,  5  feet.  Conditions  of  flow  affected  by  ice  oondltkms  December 
6  to  9,  15  to  20,  and  22  to  2:i,  1907.    The  remainder  of  December,  1907,  assumed  unaffected  by  toe. 

b  Observations  discontinued  January  27  to  April  5  and  December  11  to  31, 1906,  on  account  of  poor 
winter  conditions  due  to  river  paclcin'g  with  anchor  and  shell  ice.  Conditions  of  flow  also  affected  by 
anchor  ice  Januurv  1  to  2r»  and  Decemljcr  1  to  10.  19()h. 

The  gage  was  carried  away  by  the  ice  March  30,  1908.  Readings  April  6  to  June  26  estimated  Irom 
observer's  readings,  which  were  based  on  temporary  reference  points  and  tlie  gage  heights  at  Wells  and 
Hadley.    The  record  during  this  period  is  very  uncertain. 
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hei^t. 

Dto- 
charge. 

hel^t. 

Dto- 
charge. 

helX. 

Feet. 
3.40 

Dto- 
charge. 

h^t. 

Dis- 
charge. 

Feet. 
0.60 

Sec.^ 

Feet. 
2.00 

'"■& 

See.-ft. 
2,010 

Feet. 
5.60 

5,870 

.70 

47 

2.10 

660 

8.50 

2,150 

5.80 

6,310 

.80 

66 

2.20 

735 

3.60 

2,290 

6.00 

6,770 

.90 

87 

2.30 

815 

3.70 

2,440 

6.20 

7,250 

1.00 

112 

2.40 

900 

3.80 

2,500 

6.40 

7,760 

1.10 

140 

2.50 

990 

3.90 

2,750 

6.60 

8,270 

1.20 

170 

2.60 

1,065 

4.00 

2,910 

6.80 

8,810 

i.ao 

206 

2.70 

1,185 

4.20 

8,230 

7.00 

9,370 

1.40 

245 

2.80 

1,290 

4.40 

3,570 

8.00 

12,430 

1.60 

290 

2.90 

1,400 

4.60 

3,910 

9.00 

16.860 

1.60 

340 

3.00 

1,510 

4.80 

4,270 

10.00 

19,600 

1.70 

395 

8.10 

1,630 

5.00 

4,660 

1.80 

455 

3.20 

1,760 

5.20 

5,040 

1.90 

520 

3.30 

1,880 

6.40 

5,450 

Nora.— The  above  table  Is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  18 
dtecbaree  measurements  made  during  1907-1909,  and  is  well  defined.  The  above  table  has  been  revised 
and  diners  slightly  from  that  published  in  Fourth  Annual  Report  of  the  state  water-supply  commission 
of  New  York. 

Monthly  discharge  of  Sacandaga  River  at  Northvilky  N.  Y.^for  1907-8. 

[Drainage  area,  740  square  miles.] 


Discharge  in  second-feet. 

Run-off 

(depth  in 

mcbes  on 

drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Accu- 
racy. 

1907. 
Aogost  34-31 

83 
2,070 
7,000 
18,400 
10,800 

60 

74 

632 

972 

760 

78.2 

550 

2,000 

3,420 

3,050 

0.106 
.743 
2.70 
4.62 
4.12 

0.03 
.83 
3.11 
5.16 
4.75 

B. 

B. 

October 

A. 

November 

A. 

December 

C. 

1908. 

1,430 
2,660 
2,880 
9,600 
6,040 

862 

252 

144 
63.9 

208 

389 

446 

1.03 
3.50 
3.89 
13.0 
8.16 
1.16 
.341 
.195 
.086 
.281 
.526 
.603 

2.22 

3.87 

4.48 

14.60 

9.41 

1.29 

.39 

.22 

.10 

.32 

.50 

.70 

C. 

Februiffy ^ 

C. 

Mar^h    \  . 

C. 

April 

18,900 

16,600 

3,070 

799 

290 

330 

783 

1,170 

C. 

i&y : .::::::..:::.:::.... 

1,650 
205 
112 
65 
36 
80 
158 

C. 

June 

c. 

July 

A. 

August 

A. 

September 

B. 

October 

A. 

November 

A. 

December 

C. 

The  year 

18,900 

36 

2,060 

2.81 

38.09 

Note.— Discharge  January  to  April,  1906,  and  December,  1907  and  1906, also  missing  days  1907,  estimated 
on  the  basis  of  Sacandaga  at  Hadley.  Values  for  April  and  May  are  probably  somewhat  too  large.  Dia- 
cbarge  December  5  to  9, 1907,770  second-feet;  December  15  to  23, 1907, 1,840  second-feet.  (See  rating-table 
footnote.) 

SACANDAGA   KIVER   NEAR   HADLEY,   N.   Y. 

This  station  is  located  on  the  steel  highway  bridge  about  2^  miles 
west  of  Hadley,  where  the  Sacandaga  enters  the  Hudson,  between  the 
towns  of  Corinth  and  Hadley.  It  was  established  September  13, 
1907,  in  cooperation  with  the  New  York  state  water-supply  commis- 
sion, to  obtain  general  statistical  and  comparative  data  regarding  the 
flow  of  the  Sacandaga  River,  which  has  important  storage  and  power 
possibilities. 
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The  nearest  dam  is  at  Conklingville,  about  3^  miles  upstream,  and 
is  partially  washed  away  and  not  in  use  at  present.  Occasional  log 
jams  occur  in  the  vicinity  of  this  station,  causing  backwater.  (See 
PI.  V,  A,)  The  discharge  is  somewhat  affected  by  ice  during  the 
winter  months. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  Conditions  for  obtainmg  the  accurate  dischai^ 
are  fair,  except  during  the  existence  of  log  jams.  The  rating  curve 
is  not  well  defined. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
report  of  the  state  water-supply  commission  of  New  York. 

Discharge  measurements  of  Sacandaga  River  near  Hadley,  N'.  F.,  in  1907-8. 


Date. 

Hydrographer. 

Width. 

Feet. 
80 
263 
240 
1»4 
250 
260 
200 
200 
250 
120 

MO 
116 
106 
104 
195 
187 
144 
96 
lOB 
100 

Area  of 
section. 

he^t. 

FeH. 
0.90 
2.78 
2.35 
2.77 
2.80 
2.80 
2.23 
2.23 
2.88 
3.50 

3.80 
2.37 
2.1± 
1.86 
1.65 
1.61 
1.51 
l.ll 
2.43 
2.68 

Dfe. 
charge. 

1907. 

August  27  o 

September  13.  . 

Barrows  and  Hoy  t 

551 
447 
642 
886 
892 
649 
649 
942 
898 

916 
617 
466 
442 
381 
372 
364 
85.4 
544 
.    618 

Sec.-ft. 
130 

do.' •. 

2.1» 

October  4 

J.  B.  Pierson 

1.600 

October  6  ft.  . 

....do 

1.810 

October  16  ft 

do 

1,680 

October  17  6. 

.do 

1.680 

October  25  6 

do 

89.5 

Do.ft 

.do 

914 

November  19  ft . 

do 

1.970 

December  16. . 

..  .do 

3,930 

1908. 

January  4 

January  24 

June  24 

4.510 

Wood  and  Pierson 

1,150 

D.  M.  Wood 

524 

July  3 

G.  W.  Brett 

348 

July  17ft.     . 

.do  

213 

Augusts* 

Do.  e 

Brett  and  A  Hen 

215 

.do 

1S3 

September  17  a. 
October  27 

b.  M.  Wood 

122 

Wood  and  French 

660 

December  30  <*.. 

C.  R.  Adams 

477 

a  Wading  measurement  about  3,000  feet  above  the  gage, 
ft  Measurement  made  from  a  boat  about  1  ndle  below  the  gi^. 
c  Measurement  made  200  feet  below  boat  section. 
d  Partial  ice  conditions. 

Note.— All  the  above  measurements,  although  accurately  made.are  very  Inconsistent,  owing  to  logjams, 
ice  conditions,  and  changing  conditions  of  flow  at  this  station. 

Daily  gage  heighty  in  feet,  of  Sacandaga  River  Tiear  Hadley ^  N.   K.,  for  1M7~8. 

[W.  W.  Jeffers,  observer.] 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept 

Oct. 

Nov. 

Dec 

1907. 
1 

2.9 

2.7 

2.45 

2.35 

2.9 

3.0 

2.85 

2.9 

3.7 

3.75 

3.7 

3.6 

3.6 

3.15 

2.95 

4.05 

3.9 

4.05 

4.5 

4.7 

4.45 

4.6 

4.65 

5.6 

5.35 

4.8 

4.55 

4.35 

4.0 

3.8 

2.35 

2.3 

2.3 

2.25 

2.2 

2.15 

2.1 

2.15 

2.3 

2.55 

3.8 
4.7 

'             1907. 

1  16 

2.05 

1.95 

1.8 

1.76 

1.7 

1.65 

1.6 

1.65 

1.75 

1.9 

2.05 

2.0 

1.95 

2.0 

2.6 

2.85 

2.75 

2.6 

2.4 

i35 

2.35 

2.26 

2.25 

i2 

2.15 

2.1 

2.1 

2.9 

4.3 

4.45 

4.4 

3.7 
3.4 
3.0 
2.8 
2.75 

2.6 

2.65 

2.7 

2.75 

2.7 

2.6 

2.65 

2.5 

2.45 

2.4 

3.45 

2 

!  17 

3.25 

3                            1 

18 

3.15 

4     .   .     .       .       1...   . 

19 

3.0 

6 ' 

]  20 

2.9 

6 

21 

285 

7 

22 

23 

2:8 

8     

ao5 

g 

24 

3.5 

10     

25 

3.85 

11       

26 

4.05 

12 

27 

4.3 

13        .         ... 

2.75 

2.6 

2.25 

4.56 
4.1« 
3.7 

,  28 

4.0 

14 

]  29 

4.05 

15 

'30....: 

4.2s 

1  31 

4.4 
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Daily  gage  height,  in  feet ,  of  Sacandaga  River  near  Hadley,  N.  Y.,for  1907^ — Continued. 

July. 


Day. 

Jan. 

4.4 

4.3 
4.2 
3.85 
3.65 

3.3 

3.05 

2.85 

2.75 

2.7 

2.6 
2.6 
2.7 

2.8 
2.7 

2.6 

2.55 

2.5 

2.45 

2.4 

2.35 

2.3 

2.25 

2.2 

2.2 

2.1 

2.0 

2.15 

2.3 

2.7 

3.5 

Feb. 

Mar. 

Apr. 

May. 

June. 

:::;::: 



. .. 
....... 

'.'.v.... 

1906. 
1 

3.9 

7.3 

4.8 

4.65 

4.55 

4.35 

4.15 

3.95 

3.8 

3.65 

3.5 

3.35 
3.15 
3.1 
2.95 

2.85 

2.7 

2.7 

2.65 

2.6 

2.55 

2.5 

2.4 

2.3 

2.2 

2.45 

2.7 

3.05 

3.35 

3.5 

3.55 

3.6 

3.5 

3.4 

3.35 

3.3 

3.4 

3.4 

3.55 

3.75 

3.95 
4.15 
4.5 
5.05 
5.75 
6.15 

5.85 
5.55 
5.2 

4.85 
4.55 

4.35 

4.45 

4.9 

5.3 

5.45 

5.6- 

5.65 

5.8 

5.95 

5.9 

5.8 
5.55 
5.4 
6.1 

4.85 

4.45 

4.55 

4.9 

6.3 

5.65 

5.8 

5.95 

6.3 

6.45 

6.45 

6.35 

6.25 

6.2 

6.1 

6.0 

5.95 

5.8 

5.65 

5.45 

6.3 

5.15 

5.0 

4.95 

4.8 
4.65 

4.5 

4.25 

4.1 

3.95 

3.85 

3.7 

3.65 

3.6 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11                     ..   . 

12 

13  ..            

14 

15                   

16 

17 

18 

19 

20 

21 

22 

23 

24  ..              ... 

25 

26 

27 

28 

29 

30 

31 

....... 

2.05 

2.1 

2.15 

2.05 

2.0 

1.95 

1.95 

1.9 

1.9 

1.85 

1.9 

1.85 
1.9 


1.85 

1.8 

1.75 

1.7 

L65 

1.65 

1.7 

1.85 

2.15 

2.4 

2.4 

2.3 

2.25 

2.05 

1.95 

1.85 

1.85 

1.85 

1.9 

1.8 

1.75 


Aug. 


1.65 
1.65 
1.45 
1.45 
1.5 

1.55 

1.65 

1.7 

1.75 

1.75 

1.65 

1.6 

1.55 

1.55 

1.45 

1.45 

1.45 

1.5 

1.55 

1.6 

1.65 

1.5 

1.45 

1.45 

1.45 

1.45 

1.45 

1.4 

1.4 

1.4 

1.35 


Sept. 


1.35 

1.3 

1.25 

1.25 

1.2 

1.2 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 

1.05 

1.05 

1.05 

1*05 

1.05 
1.05 
1.05 
1.05 
1.05 

1.05 

1.06 

1.05 

1.5 

1.65 


Oct. 

Nov. 

Dec. 

1.86 

2.25 

2.6 

2.0 

2.4 

2.6 

2.0 

2.3 

2.6 

1.9 

2.3 

2.4 

1.85 

2.15 

2.25 

1.75 

2.0 

2.1 

1.76 

1.9 

2.16 

1.7 

1.86 

2.3 

1.6 

1.85 

2.4 

1.46 

1.9 

2.4 

1.35 

1.95 

2.5 

1.65 

2.0 

2.65 

1.65 

2.1 

2.8 

1.8 

2.15 

2.8 

1.8 

2.2 

2.7 

1.6 

2.2 

2.7 

1.56 

2.15 

2.6 

1.55 

2.15 

2.6 

1.5 

2.1 

2.6 

1.5 

2.1 

2.6 

1.45 

2.1 

2.6 

1.45 

2.1 

2.65 

1.45 

2.15 

2.6 

1.4 

2.2 

2.6 

1.4 

2.3 

2.65 

1.45 

2.4 

2.7 

2.12 

2.5 

2.7 

2.7 

2.6 

2.7 

2.8 

2.7 

2.7 

2.85 

2.7 

2.7 

2.96 

2.6 

Note.— River  frozen  February  2  to  15,  and  December  13  to  31, 1908.   Conditions  of  flow  may  also  have 
been  affected  more  or  less  by  ice  during  January  to  March.    No  observations  made  May  24  to  June  24  on 
account  of  log  iam  at  the  gage.    June  25  to  July  3,  observations  were  made  from  a  temporary  reference 
ie  Diidge.  Conditions  of  flow  were  affected  after  July  2  by  a  log  Jam  near  the  bridge 
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idge.  Conditions  of  flow  were  affected  after  July  2  by  a  log  Jam  near  the  bridge. 
Rating  tables  for  Sacandaga  River  at  Iladley,  N.  Y. 

SEPTEMBER  13,  1907,  TO  MAY  23,  1908. 


Gage 
height. 

Dls-      ' 

Gage 
height. 

Feet. 

Dis- 

height. 

Dis- 

hei^t. 

Dis- 

charge. 

charge. 
Sec.'feet. 

charge. 
Sec-feet. 

charge. 

Feet. 

Sec.'feet. 
150 

Feet. 

Feet. 

Sec-feet. 

1.00 

2.20 

870 

3.40 

3,0(10 

6.20 

9,320 

1.10 

180 

2.30 

990 

3.50 

3.320 

5.40 

10,180 

1.20 

210 

2.40 

1,120    I 

3.fO 

3,590 

5.r« 

11.000 

1.30 

250 

2.50 

1.260    1 

3.70 

3.870 

5.80 

11,970 

1.40 

290 

2.  GO 

1,410 

.3.80 

4.  \m 

6.00 

12. 890 

1.50 

340    1 

2.70 

1.570 

3.90 

4,4«) 

6.20 

13.810 

1.60 

400 

2.80 

1,740 

4.00 

4,770 

6.40 

14.730 

1.70 

460 

2.90 

1,920 

4.20 

5.420 

O.tiO 

15, 670 

1.80 

520 

3.00 

2.120 

4.40 

6.110 

6.80 

16. 610 

1.90 

590 

3.10 

2,340 

4.  GO 

6.850 

7.00 

17.550 

2.00 

670 

3.20 

2.570 

4.80 

7.()40 

8.00 

22,350 

2.10 

760 

3.30 

2,810 

5.00 

8,470 

9.00 

27,250 

Note.— This  table  is  not  applicable  for  ice  or  obstnirted-channel  conditions.  It  is  based  on  discharge 
measurements  made  during  1907-9,  and  Is  not  well  dellned.  The  at>ove  table  has  been  revised  and  differs 
sUglitly  from  that  published  in  the  fourth  annual  report  of  the  state  water  supply  conunission  of  New 
York  on  the  basis  of  additional  data  more  recently  available. 


MAY  24,  1908, 

TO  D 

195    ' 

ECEMB 

ER  31,  1908. 

0.80 

75 

1.40    1 

2.00 

410    ' 

2.00 

775 

.90 

90 

1.60    ' 

225 

2.10 

400 

2.70 

850 

1.00 

106 

1.60    i 

255    . 

2.20 

515 

2.80 

940 

1.10 

125 

1.70    ' 

290 

2.30 

575 

2.90 

1,035 

1.20 

145    1 

1.80 

325 

2.40 

040 

3.00 

1,1.50 

1.30 

170 

1.90 

305 

2.50 

705    1 

Note.— This  table  Is  applicable  onlv  during  the  perio<l3  when  the  diwharge  was  affected  by  logjams. 
It  is  based  on  7  discharge  measuremehta  made  during  1908,  and  Is  fairly  well  defined  between  gage 
heights  1.1  feet  and  2.4  feet. 
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Monthly  discharge  of  Sacandaga  River  at  HadUy,  N.   Y.,  for  ISCJS. 
[Drainage  area,  1|050  square  miks.] 


Ifonth. 


September  13  to  30. 

October 

November. 
December.. 


1907. 


January... 
February. 
March.... 

April 

May 

June 


1906. 


Discbarge  In  seoond-feet. 


Maximum. 


1,600 
6,290 
11.100 
7.240 


Minimum. 


400 

760 

1,120 

760 


6. 
a  25, 
13, 
15. 
14, 


670 


870 
5,940 


July.. 

August 

September. 

October 

November. 
December. . 


The  year. 


25,000 


640 

272 

306 

182 

272 

115 

090 

182 

850 

345 

921 

442 

115 


Mean. 


Per 
square 
mile. 


736 
2,260 
4,160 
3,040 


0.701 
2.15 
3.96 
2.90 


1.900 

3,420 

3,480 

10,200 

7,440 

1,300 

382 

233 

138 

367 

521 

637 


2,500 


1.81 
3.26 
3.31 
9.71 
7.09 
1.24 
.364 
.222 
.131 
.350 
.496 
.607 


2.38 


Run-off 
(depth  in 


drainage 


a47 
2.48 
4.42 
3.34 


2.09 

3.52 

3.82 

10.83 

8.17 

1.38 

.42 

.26 

.15 

.40 

.55 

.70 


32.29 


Accu- 
racy. 


a  Estimated.    See  rating  table  foot-note. 

BATTENKILL  RIVER  AT  BATTENVILLB,  N.  Y. 

This  temporary  station  was  located  at  the  covered  highway  bridge 
at  Batten ville  just  below  the  mill  of  the  Phoenix  Paper  Company, 
and  about  5  miles  from  Greenwich.  It  was  established  September 
24,  1908,  discontinued  December  12,  1908,  and  reestablished  July, 
1909. 

The  station  was  maintained  to  obtain  data  regarding  the  low- 
water  flow  of  Battenkill  River. 

Whitaker  Brook  enters  about  H  miles  above  the  station.  Power 
is  developed  at  a  number  of  places  on  this  river,  the  nearest  being 
about  1,500  feet  above  the  station.  At  East  Greenwich,  3i  miles 
farther  up,  is  another  dam.  Below,  there  are  dams  at  Center  Falls 
and  Greenwich,  2  J  and  5  miles  distant,  respectively. 

Information  in  regard  to  this  station  is  contained  in  the  reports 
of  the  state  engineer  and  surveyor.  State  of  New  York. 

Discharge  measurements  of  Battenkill  River  at  Battenvilley  N.  Y.,  in  1908. 


Date. 

Ilydrographer. 

Wldtb. 

Area  of 
section. 

Gace       I)l». 
height,  charge. 

September  23... 

C.  R  Adams 

Fea. 
55 
67 

Sq.  ft. 
51.7 
eo.6 

Feet.     Sec.-ft. 
6.77         82.3 

October  28 

do 

5.80        106 

Note.— Measurements  made  by  wading. 
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Daily  gage  height,  in  feet ^  of  Battenkill  River  at  Battenvilky  N.  Y.^/or  1908. 
[Wm.  R.  Hobble,  observer.] 


D^y. 

Sept. 

Oct. 

Not. 

Dec. 

Day. 

Sept. 

Oct 

Nov. 

Doc. 

1 

5.81 
6.78 
6.84 
5.82 
5.95 

5.83 
5.78 
5.76 
5.74 
5.78 

5.85 
6.06 
5.94 
5.94 
5.80 

6.85 
6.96 
5.89 
5.86 
5.86 

5.95 
6.82 
5.84 
5.88 
5.86 

5.78 
6.87 
6.11 
5.90 

6.88 

5.85 
5.77 
5.78 
5.73 
5.78 

5.80 
5.91 
6.06 

16 

6.86 
6.84 
6.82 
5.82 
6.84 

5.88 
6.81 
5.82 
6.80 
5.73 

5.70 
6.74 
5.80 
5.91 
6.02 
5.95 

6.00 
5.90 
5.87 
5.82 
5.62 

5.90 
6.90 
6.88 
5.87 
5.92 

6.05 
6.14 
6.04 
6.06 
5.98 

2           

17 

3 

18 

4           ' 

19 

5 

20 

6 

21 

22 



7 

8 

9               

........ 

23.'.*.;! !.... 

24 

5.n 

10 1 

25 

26 

5.73 

5.78 
5.60 
5.74 
5.76 
5.79 

11   ' 

27 

12               

28 

13 1 

29 

14 ' 

30 

16 1 

;  31 

1 

t 

NOTB.— River  frozen  December  9. 

FISH  CREEK  AT  BURGOYNE,  N.  T. 

This  temporary  station  was  located  at  Brandt^s  bridge  at  Biir- 
goyne,  N.  Y.  It  was  established  August  25,  1904,  and  discontinued 
June  30,  1905;  was  re-established  August  28,  1908,  and  again  dis- 
continued November  30,  1908. 

It  has  been  maintained  to  obtain  data  regarding  the  low  water 
flow  of  Fish  Creek,  which  is  the  outlet  of  Saratoga  Lake,  and  an 
important  stream  for  power. 

The  station  is  about  6 J  miles  above  the  junction  of  Fish  Creek 
with  the  Hudson.  Above  the  station  is  Saratoga  Lake,  which  serves 
as  a  storage  basin,  the  main  portion  being  about  4i  miles  distant. 

There  is  no  relation  between  the  gage  datum  used  in  1904  and  that 
used  in  1908. 

The  records  obtained  during  1908  are  fairly  good,  although  based 
upon  very  few  discharge  measurements.  The  station  is  not  suitable 
for  permanent  records  owing  to  the  prevalence  during  the  summer 
and  fall  of  grass  and  aquatic  plants  in  the  channel. 

Information  in  regard  to  this  station  is  contained  in  the  reports 
of  the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Fish  Creek  at  Burgoync,  N.  Y.,  in  1908. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage       Dls- 
heigbt.  charge. 

August  28 

September  22.. 
October  29 

Geo.  M.  Brett 

Feet.       Sq.ft.    '    Feet. 
82.5              183  1      0.87 

^"^^-4 

C.  R.  Adams 

do 

83      1            171  1        .60 
83      ,            197  1        .92 

66.9 
128 
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SURFACE  WATEB  SUPPLY,  1907-8. 


Daily  gage  height,  in  feet,  of  Fish  Creek  at  Burgoyne,  N,  T.,for  1908. 
[Fraok  E.  Ward,  observer.] 


Day. 

Aug. 

Sept. 

0.85 

.S5 
.85 
.95 
.95 

.95 
.9 

'    .85 
.85 
.85 

.85 
.8 
.75 
.8 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

Sept. 

OiA. 

Nov. 

Dee. 

1 

a65 
.66 
.65 
.75 
.55 

.55 
.55 
.55 
.55 
.55 

.9 

.7 

.6 

.65 

.65 

1.25 

1.1 

1.05 

1.0 

1.0 

1.0 
1.0 
1.1 

.85 
.8 

.85 
.95 
.95 

.:f 

a95 
1.0 
.95 

.85 
.85 

1.0 
.9 

1.0 
.95 
.85 

.95 
1.0 
1.2 
1.1 
1.0 

,6 ! 

0.75 
.75 
.75 
.55 
.6 

.6 
.6 
.6 
.55 
.65 

.6 
.75 
.6 
.65 
.65 



.65 
.8 
.7 
.65 

.65 
.65 
.65 
.65 
.75 

.75 
.75 
.9 
.95 
.95 
1.06 

a9 

.85 
.85 
.85 
.85 

.85 
1-1 
.9 
.9 
.9 

1.1 
.95 
.95 

1.1 
.9 

LO 

2 

17 ; 

1.1 

3 

18 

LO 

\"  '.'  ' 

19 

1.0 

5 

20 

L2 

21.. 

1  1 

6 

1  22 

1.0 

7 1 

1  g 

1.0 

8 ' 

24 

9 

,  oc 

10 

'  26 

11.- 

1  27 

12::::::::::::::. 

'28 

29 

30 

31 

1 

0.9 
.95 
.9 
.85 

13.  ..  . 



14 



15 

.75 

' 

Rating  table  for  Fish  Creek  at  Burgoyne,  N.  Y.,for  1908. 


Gage 
height. 

DIs-      , 
charge.  1 

hei^t. 

Dis-     I    Gage 
charge.  |  height. 

1 
Dis- 
charge. 

hei^ 

Dis- 
charge. 

Feet. 
0.50 
0.60 

63 

Feet. 
0.70 
0.80 

93 

1    Feet. 
\    0.90 
1    1.00 

133 

Feet. 
1.10 
1.20 

"-it 

183 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed  channel  conditiona.    It  is  baaed  oo  S 
discharge  measurements  made  during  1908  and  is  only  approximate. 

Monthly  discharge  of  Fish  Creek  at  Burgoyne^  N.  Y.^for  1908. 
[Drainage  area,  236  square  miles.] 


Discharge  In  second-feet. 

Run-Off 

(depth  in 

Inohes  on 

drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

AoCQ- 
racy. 

September 

Octoljer 

November 

December  1  to  23 

122 
145 

197 
183 

57 
57 
93 
102 

88 

78.9 
126 
134 

0.373 
.334 
.534 
.668 

0.42  1    C. 
.39      C. 
.60      C. 
.49      f- 

HOOSIC  RIVER  BASm. 


DESCRIPTION. 


Hoosic  River  rises  on  the  west  slope  of  the  Iloosac  Mountains  in 
Vermont  and  Massachusetts.  Two  head  branches,  one  flowing  south- 
ward and  the  other  northward  along  the  west  slope  of  this  range,  unite 
at  North  Adams,  Mass.,  and  the  stream  then  flows  northwestward, 
entering  the  Hudson  3  miles  north  of  Meohonioville.  Above  Bus- 
kirk  the  drainage  basin  is  rugged  and  precipitous,  the  distribution 
of  tributaries  affording  rapid  concentration  of  the  run-oflF  from  the 
steep  rock  slopes.    The  ridges  are  sparsely  wooded.    The  soil  in  the 
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valleys  is  generally  firm  and  tenacious.  The  general  elevation  of 
the  valley  at  the  junction  of  the  headwaters  is  1,000  feet.  Numerous 
dams,  affording  power  for  textile,  agricultural  implement,  and  other 
industries,  are  scattered  throughout  the  length  of  the  stream  from 
North  Adams  to  Schaghticoke.  The  drainage  basin  contains  no 
important  lakes  and  but  one  storage  reservoir,  at  Famam,  near  the 
head  of  the  South  Branch. 

South  of  Hoosic  River  the  state  boundary  follows  the  Taconic 
Ridge,  which  forms  the  divide  between  the  Hoosic  in  Massachusetts 
and  the  Little  Hoosic  in  New  York. 

HOOSIC   RIVER   AT   BUSKIRK,  N.  Y. 

This  station  is  located  at  the  highway  bridge  in  Buskirk,  N.  Y., 
and  was  estabUshed  September  25,  1903. 

It  has  been  maintained  to  obtain  data  regarding  the  flow  of  this 
stream,  the  records  being  of  especial  value  because  of  the  considerable 
amount  of  water  power,  both  developed  and  unutiUzed. 

Walloomsac  River  enters  about  5  miles  above  this  station;  but 
there  are  no.  large  tributaries  downstream  in  a  distance  of  about  17 
miles  to  the  mouth,  except  Tomhannock  Creek. 

Numerous  dams  are  scattered  throughout  the  length  of  the  river 
from  North  Adams  to  Schaghticoke,  the  first  one  above  Buskirk 
being  at  Hoosic  Falls,  7  miles  distant.  During  the  winter  months  the 
discharge  is  considerably  affected  by  the  presence  of  ice. 

The  datum  of  the  gage  has  remained  the  same  during  the  main- 
tenance of  the  station.  Conditions  for  obtaining  the  accurate  dis- 
charge are  good,  and  a  very  good  rating  curve  has  been  developed. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water  supply  commission,  of  New  York,  and  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Hoosic  River  at  BtLskirhy  N.  Y.y  in  1907-8. 


Date. 


Hydrographer. 


Width.' 

i 


Area  of 

Gaee 
height. 

section. 

Sq./L 

Feet. 

393 

1.97 

411 

2.19 

1,020 

6.54 

428 

2.46 

473 

2.71 

612 

3.84 

444 

2.30 

49.9 

1.30 

376 

1.80 

188 

1.92 

Dis- 
charge. 


1907. 

June  24 

September?... 
December  24... 

1906. 

«    January  20 

February  28  o.. 

May  4 

Augusts 

September  21  b. 

October  28 

December  30  e.. 


Wood  and  Hoyt. 

W.  O.  Hoyt 

D.M.Wood 


Wood  and  Pierson. 

D.M.Wood 

....do 

Brett  and  Allen 

D.M.Wood 

Wood  and  French., 
D.M.Wood 


Feet. 
124 
124 
142 


112 
125 
132 
128 
51 
121 
108 


Sec.-fL 

386 

429 

4,870 

700 

822 

1,830 

610 

85.0 
239 

87.8 


m  Considerable  needle  ice;  river  frozen  somewhat. 
b  Measurement  made  by  wading. 

« Measurement  made  under  ice  conditions  about  200  feet  below  the  bridge.    Average  thickness  of  ice, 
0.8  toot;  gage  height  to  top  of  ice,  2.02  feet.    Some  anchor  Ice. 
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SURFACE  WATEB  SUPPLY,  1907-8. 


DaU^  gage  height,  in  feet,  of  Ewme  Riter  at  Bu^tirk,  N.  T.,for  ISOJS. 


(John  V.  Hairy, 


1 


Dmy. 


:  J« 


Feb. 


1907^ 


J    5.55  1 

•     -^7    ! 
.!    3.9    < 

■    5.«5 

4.96 


I 

6 a.7  I 

7 1  3.65 

8 4.06 

9 4.6    ; 

10 1  3.5    1 


17.. 
W.. 
19.. 
20.. 

21.. 


28.. 
24.. 
25.. 


25.. 
27. 

28., 
29. 
30. 
31. 


2.. 
3.. 
4.. 
5.. 

«.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

15.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
26.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


1908.» 


3.5 

3.3 

3.15 

^.85 

2.8 


II 3.5    I 

12 '  3-25  ' 

U 2.8    I 

14. 50    I  ^ 

15 


2.9    i. 
2.6    '. 


.1  2.3    '., 

.!  3.45   . 

-I  4.5    I., 

.1  4.55   ., 


3.56 

3.45 

3.2 

3.35 

3.15 


2.9    I 
2.75 
2.75  I 
2.7 
2.4 


2.65  ;  3.15 

2.85  1  3.3 

3.06  3.35 
2.95  I  3.1 
2.9    I  3.15 

2.7  i  3.2 
2.85  3.25 
5.3    I  3.25 
3. 75  3. 55 
3.05  ,  10.9    ; 


7.55 
4.2 
3.35 
3.1     , 
3.0 


2.55 

2.85 

2.65 

3.0 

2.8 

2.65 

2.4 

2.7 

2.6 

2.75 

2.75 

2.65 

2.7 

3.0 

2.7 

2.75 

2.65 

2.5 

3.45 

....... 

3.5 

Apr.    Mmj. 


4.65 

1.7 
a.  46 
3.56 

8.3 
2.9 


4.25 
8.6 
8.8    , 
8.U 

8.5  , 

8.6  : 

8.06  ; 
8.0 
2.85 
2.9 

2.75 
2.96  > 

2.7  I 
8.15' 
8.25  I 

8.15; 
8.1 
3.15 
2.75  ' 
2.75 


3.6 
4.1 
8.5 

8.4 

3.5 

5.06 

6.1 

6.4 

5.15 


2.3 
2.9 
3.1 
2.7 
2.55 

2.45 

2.5 

2.25 

2.5 

2.35 

2.5 

4.35 

4.9 

6.1 

4.6 

5.15 

3.6 

3.35 

3.1 

2.9 

2.65 

2.8 

3.0 

5.7 

4.55 

3.85 

5.35 

5.85 

6.9 

5.55 

4.6 


Jme. 


July. 


2.75  .    2.55 
2.85      2.8 


2.9  , 
4.2  ! 
4.06 

8.85  . 
5.2    I 
4.2 
3.55  ! 
3.85  , 


8.7 
8.5 

8.1 
8.15 

8.851    3.1 

8.15  ;  3.5 

8.1  ,  8.85 
8.45  8.25 
8.25  ;  8.0 
8.05  j  2.6 

2.95  I 

2.75  ! 
2.S5  I 

2.4  , 

2.6 
4.7 
8.6 
3.25 

8.2  , 

2.96  , 
2.65  < 
2.65 
X55  t 
2.45 

X35  • 
2.65 
2.55  , 

2.5  ' 

2.35  1. 


^1    I 
4.0    I 

3.6    I 
3.05 
2.96  ■ 

I 

3.15  1 
3.4 
3.7 
5.5 


4.65 
4.05 
4.05 
3.9 
3.55 

3.3 
3.35 
5.65  , 
6.2    ' 


4.4 

5.15; 

4.3 

4.4 

4.a5 

3.9 

3.85 

3.6 

3.55 

4.05 

3.6 

4.05 

4.85 

3.6 

3.9 

3.3 

3.7 

3.25 

4.8 

3.05 

4.3 

2.85 

3.9 

2.8 

3.65 

2.9 

3.55 

2.35 

3.7 

2.7 

3.65 

2.75 

4.05 

2.7 

3.7 

2.85 

4.6 

2.6 

3.9 

2.4 

3.65 

2.8 

3.6 

X86  I    8.25  ' 
X85      2.65 
8.2    I    2.45  . 
8.75      2.2 
2.2 


2.0 

2.65 

2.1 

1.9 

1.9 


2.2 

2.2 

1.96 

2.05 

1.8 

2.1 

2.5 

2.15 

2.1 

2.6 


3.15 
2.75 
2.56 
2.35 
2.2 

2.05 

XI 

2.1 

2.1 

2.1 

1.95 
1.95 
2.0 
1.9 
1.9 

8.35 
2.65 
2.25 
2.05 
2.05 

1.9 

1.8 

1.95 

1.95 

2.65 

2.3 
2.0 
1.9 
1.75 
1.85 


XO 
2.2 
8.2 
2.0 
1.95 

L8 

1.9 

L75 

L75 

L7 


L4 

LS 

1.65 

1.9 

8.5 

X65 

2.0 

L75 

L9 

L9 


Oct. 


Nor.    Dtt. 


8.1 
2.7 
2.5    . 
8.45 
8.65 

1 
8.15 
2.9 
8.9    ' 
4.15 
3.8    ' 


4.25  2.8 

4.15  2.85 

6.55  2.S 

4.9  2.4 

4.06  2.1 

8.85  2.85 

8.9  2.45 

&9  Z2S 

4.8  2.S 

4.8  4.9 


2.7 

1.9 

L6 

L9 

8.0  1 

4.2 

7.1 

2.6 

8.1 

L6 

2.5 

4.4  ' 

8.75 

4.6 

2.56 

8.4 

L7 

2,0 

8.65, 

8.45 

3.65 

%4 

8.2 

1.5 

L86 

8.8  1 

3.35 

3.5 

2.3 

2.55 

L7 

L7  , 

8.0  1 

8.8 

3.U 

2.25 

2.2 

L4 

L75 

X85I 

8.1 

8.8 

2.25 

2.15 

L5 

L75 

2.75  1 

2.9 

3.U 

2.2 

2.4 

L5 

L7 

2.6  ; 

2.9 

8.25 

2.15  , 

2.8 

L6 

1.8 

2.45 

X9 

2.95 

2.3  1 

2.2 

L6 

L8 

2.8 

2.75 

2.85 

4.45  I  L55 

8.0  L6 

i7  L45 

X5    <  1.6 

5.5    I  L85 


8.46 

2.56 

2.25 

i2 

2.06 

2.1 


1.8 

1.8 

1.75 

1.7 

1.7 

1.9 
1.8 

1.65 ; 

1.75 
L6    I 

1.9    I 
1.5    I 

1.6  ; 

1.75 
1.8 

1.75  1 
1.75, 
1.7 
1.9    ' 
1.85 

1.75 

2.3 

2.4 

1.95 

3.0 

3.0 
2.35 
1.95 
1.9 
1.85 
1.85 


1.5 
1.5! 
L55 
1.55 


1.8 

L65 

2.1 

8.65 

3.06 

X4 
2.2    . 

2.2    I 
2.8 

I 


1.5 

8.7 

1.6 

1.85 

1.8 

1.8 

L76 

1.55 

1.65 

1.75 

1.5 

1.9 

L6 

3.0 

1.45 

2.3 

1.5 

2.8 

1.6 

2.0 

1.55 

L85 

1.66 

2.7 
2.5 
X35  ' 
X8 
2.2 

2.15 

2.2 

6.0 

8.8    I 
7.55  . 


2.7 

2.7 

2.75 

2.5 

2.6 

2.5 

2.5 

2.45 

X6 

2.45 


t 


1.85 
1.85, 

IJ! 

..85 

1.85 

1.95 

3.1 

2.3 

2.1 

1.95 

1.95 

2.0 

L95 

1.95 

1.85 

1.85 

1.75 

1.8 

1.75 

1.6 


1.6 

1.5 

1.45 

1.45 

1.45 

1.55 

1.6 

1.5 

1.5 

1.8 

1.25 
1.56 
1.56 
1.85 
1.8 

L4 

1.35 

1.25 

1.5 

1.55 


1.65 

L5  ■ 

1.5 

L5  ' 

1.45 

1.55 

1.6 

L65 

1.5 

1.5 

1.6 

L45 

1.6 

1.55 

1.56 

1.5 

1.5 

1.45 

1.5 

1.6 

1.6 

1.5 

1.5 

1.6 

1.5 

L66 

1.55 

1.5  , 

1.4 

L5 

1.5 

1-6 

1.55 

1.6 

1.4 

1.7 

1.35 

L65, 

L5 

1.6 

1.45 

1.65 

1.3 

1.5 

1.4 

1.55 

1.35 

1.6 

1.3 

L7 

1.25 

1.65 

1.5 

1.55 

1.7 

1.5 

1.75 

1.4 

1.8 

L6 

1.7 

2.75 

2.7 

8.1 

6.1 

4.S 

8.85 
8w5 

3,6 

8.8 
8.6 
4.0 


1.5 

L4 

1.45 

1.5 

1.5 

1.4 
1.5S 
2. 85 
3.1 
2.95 

3.8 

2.9 
2.65 
2.5 
2.65 

2.55 
2.0 
1.96 
2.0 
2.06 

2.25 

2.06 

2.06 

2.1 

2.06 

2. 25 

2.06 
2.15 
225 
215 
22 


a  River  frowsn  January  19  to  March  14,  1907.    Anchor  Ice  reported  numlng 
Discharge  also  probably  affected  by  ice  conditions  January  17  to  19, 1907. 

b  Ice  conditions  prevailed  from  about  January  30  to  February  15,  and  Deoember  4  to  81. 
during  the  frozen  period  were  taken  to  water  suxiace  in  a  hole  in  tbe  ice. 


8  and  16, 1907- 
OasBbfllchta 
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Rating  table/or  Hoonc  River  at  Buskirk,  N.  F.,  for  190S  to  1908. 


h^t. 

DI9. 
charge. 

hel^t. 

Dto. 
charge. 

Gase 
height. 

Dis. 
charge. 

hei^. 

Dis- 
charge. 

Ftet. 
1.30 

'"■t 

Feet. 
2.70 

""■Si 

Feet. 

4.20 

See.^. 
2,265 

Feet. 
6.40 

See.-fl. 
6,180 

1.30 

106 

2.80 

909 

4.30 

2,380 

6.60 

5,480 

1.40 

140 

2.90 

985 

4.40 

2,496 

6.80 

5,780 

1.50 

176 

3.00 

1,065 

1    4.60 

2,615 

7.00 

6,080 

1.60 

216 

8.10 

1,149 

'    4.60 

2,736 

7.20 

6,390 

1.70 

260 

8.20 

1,236 

4.70 

2,860 

7.40 

6,700 

1.80 

306 

3.30 

1,326 

4.80 

2,985 

7.60 

7,010 

1.90 

350 

3.40 

1,419 

4.90 

8,110 

7.80 

7,320 

2.00 

412 

3.50 

1,515 

5.00 

3,240 

8.00 

7,630 

2.10 

4ffl 

3.60 

1,614 

6.20 

3,500 

9.00 

9,230 

2.20 

624 

3.70 

1,716 

6.40 

3,770 

2.30 

582 

3.80 

1,822 

i    5.60 

4,040 

2.40 

642 

3.90 

1,930 

6.80 

4,320 

2.50 

704 

4.00 

2,040 

'    6.00 

4,600 

2.60 

769 

4.10 

2,150 

1^20 

4,890 

Note.— The  above  table  is  Dot  applicable  for  ice  or  obstructed  ckannel  conditions.    It  Is  based  on  dis- 
charge measurements  made  during  1903-1906,  and  Is  well  defined. 

Monthly  discharge  of  Hoosic  River  at  Bxiskirk,  N.   F.,  for  1907-S. 
[Drainage  area,  679  square  miles.1 


Month. 


January — 
February. . 

March 

April 

May 

Juno 

July 

August 

September. 

October 

November. 
December.. 


1907.O 


The  year. 


January.. 
February. 
March.... 

April 

May 

June 

July. 


1906.b 


Discharge  in  second-feet. 


Maximum. 


4,110 


5,180 
3,500 
2,860 
1,770 
3,900 
1,240 
1,720 
8,910 
9,070 
6,240 


9.070 


August 

September. 

October 

November. 
December. . 


3,640 

0,930 

5,930 

3,900 

4,890 

1,370 

1,060 

1,150 

308 

308 

260 


Minimum. 


736 
582 
308 
359 
123 
140 
495 
673 
467 


Mean. 


1,320 

300 

1,340 

1,410 

1,060 

758 

875 

277 

542 

1,710 

1,890 

1.550 


123  I 


1.090 


1,030 

1,120 

2.000 

1,960 

1,680 

.'>32 

378 

410 

179 

183 

200 

130 


Per 
square 
mile. 


Run-off 
(depth  in 
incnes  on 
drainage 
area). 


2.28 
.518 
2.31 
2.44 
1.87 
1.31 
1.51 
.478 
.936 
2.95 
3.26 
2.68 


1.78 
1.93 
3.45 
3.39 
2.90 
.919 
.653 
.708 
.309 
.316 
.345 
.225 


The  year. 


6.9.30  I 


90 


817 


1.41 


Accu- 
racy. 


2.63     B. 

.54  D. 
2.66  B, 
2.72 
2.16 
1.46 
1.74 

.56 
1.04 
3.40 
3.64 
3.09 


25.63 


2.05 

2.08 

3.98 

3.78 

3.34 

1.03 

.75 

.82 

.34 

.36 

.38 


.26  I  D, 


a  Discharge  during  the  frown  periods  1907  estimated  on  the  basis  of  comparisons  with  the  discharge  of 
Klnderbook  Creek  at  Rossman. 

Second-feet. 

Discharge  January  17  to  31, 1907 600 

March  i  to  14, 1907 350 

b  Discharge  during  the  frosen  periods  1908  estimated  parily  on  the  basis  of  Kinderhook  Creek  at  Ross- 

Second-feet. 

Discharge  January  30  to  31 650 

February  1  to  14 400 

February  15 6.000 

December  6  to  31 126 

16264— IBB  241—10 14 
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MOHAWK  RIVBR  BASIN. 
DESCRIPTION. 

Mohawk  River,  the  largest  tributary  of  the  Hudson,  rises  in  the 
sandy  hills  south  of  Booneville,  in  western  New  York,  about  40  miles 
from  the  east  end  of  Lake  Ontario.  Its  uppermost  tributaries  are 
fed  by  large  springs.  The  river  receives  also  considerable  water 
brought  in  from  the  adjacent  Black  River  drainage  basin  for  the 
supply  of  Black  River  and  Erie  canals.  The  Mohawk  flows  south- 
ward until  it  reaches  the  city  of  Rome,  at  which  point  it  turns  toward 
the  east,  flowing  across  the  State  in  a  course  nearly  east  until  it  enters 
the  Hudson  at  Cohoes,  a  few  miles  above  Troy.  Its  total  length  is 
about  140  miles,  and  its  drainage  area  comprises  3,470  square  miles. 
The  immediate  valley  of  the  Mohawk  is  broad  and  open,  at  many 
places  a  mile  or  two  in  width,  and  the  flats  which  border  the  stream 
have  a  rich  alluvial  soil,  finely  adapted  to  the  raising  of  grass,  grains, 
and  broom  com.  Back  from  the  flats  there  is  a  rise,  in  most  places 
gradual  but  locally  abrupt,  to  hills  which  attain  altitudes  several 
hundred  feet  above  the  stream.  The  more  elevated  lands  are  covered 
with  sandy  and  gravelly  loam.  Toward  the  mouth  of  the  river  the 
valley  becomes  more  contracted  and  the  meadows  disappear. 

Above  Rome  the  Mohawk  flows  through  a  deep  gorge  in  shale  rock. 
From  Rome  eastward  to  Little  Falls  the  valley  is  deeply  filled  with 
alluvial  deposits,  and  the  flood  plains  on  either  side  become  sub- 
merged during  freshets,  thus  acting  to  some  extent  as  storage  reser- 
voirs. At  Little  Falls  the  river  cuts  through  a  rocky  gorge,  whose 
walls  rise  precipitously  500  or  600  feet. 

Below  Rome,  the  fall  of  the  river  is  small  and  rather  uniform,  and 
the  river  is  characterized  by  long,  quiet  reaches  with  sUght  riffles; 
but  at  Little  Falls  this  uniformity  is  broken,  and  the  stream  descends 
in  a  succession  of  falls  about  45  feet  in  half  a  mile.  The  average  fall 
between  Rome  and  the  lower  aqueduct  at  Crescent,  a  distance  of 
110.7  miles,  is  2.43  feet  per  mile;  thence  to  the  level  of  slack  water 
above  Troy  dam  there  is  a  farther  descent  of  149.5  feet  in  4.4  miles, 
but  of  this  105  feet  is  included  within  the  improved  power  at  Cohoes. 

The  Erie  Canal  parallels  the  Mohawk  River  and  derives  a  part  of 
its  water  supply  from  it.  The  new  barge  canal,  at  present  under 
construction  by  the  State  of  New  York,  will  utihze  by  canalization 
the  greater  portion  of  the  river  between  Albany  and  Utica.  The 
water  supply  for  the  new  canal  in  the  section  between  Syracuse  and 
Utica  will  to  a  large  extent  come  from  the  Mohawk.  A  high  dam  is 
to  be  placed  across  the  Mohawk  at  Delta,  6  mile^  north  of  Rome, 
forming  a  large  reservoir  to  supply  the  summit  level  of  the  canal  new 
Rome.  This  supply  will  be  supplemented  by  a  reservoir  on  West 
Canada  Creek  at  Hinckley,  discharging  by  a  conduit  into  Ninemile 
Creek  and  thence  to  the  Rome  summit  level. 
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Important  tributaries  of  the  Mohawk  are  West  and  East  Canada 
and  Schoharie  creeks. 

West  Canada  Creek  ris^  in  West  Canada  Lake,  in  southwest- 
central  Hamilton  County  and  flows  in  a  southerly  direction  into  the 
Mohawk  at  Herkimer.  Its  drainage  area,  comprising  approximately 
583  square  miles,  contains  about  50  small  lakes  and  ponds  and  a  small 
amount  of  artificial  storage,  which,  with  the  numerous  swamps  and 
marshes  in  the  region  of  the  headwaters,  serve  to  make  the  regimen 
of  flow  fairly  uniform.  A  considerable  part  of  the  basin  is  timber 
covered.  The  underlying  rock  is  granitic  gneiss  in  the  upper  portion 
of  the  basin,  with  limestone  in  some  places.  Heavy  accumulations 
of  snow  occur  during  the  winter.  At  Trenton  Falls  is  an  important 
development  of  the  Utica  Gas  and  Electric  Company,  and  there  is 
much  imdeveloped  power  on  this  stream. 

East  Canada  Creek  rises  in  Hamilton  County  and  flows  southward 
between  Herkimer  and  Pulton  counties,  joining  the  Mohawk  at  East 
Creek.  In  a  general  way  its  drainage  basin  is  similar  to  that  of  West 
Canada  Creek,  although  its  flow  is  less  sustained  and  regular. 

Schoharie  Creek  has  its  source  in  the  Catskills,  about  2  mil^  east 
of  Tannersville,  at  an  elevation  of  1,940  feet.  The  drainage  basin  is 
generally  irregular.  In  places  its  slopes  are  almost  precipitous, 
and  it  is  extensively  forest  covered.  The  overlying  rocks  are  slaty 
and  allow  but  a  slight  depth  of  percolation.  The  soil  is  generally  of 
clay.     The  total  drainage  area  is  909  square  miles. 

MOHAWK   RIVER   AT   LFTTLE   FALLS,  N.  Y. 

There  are  three  dams  at  Little  Falls :  The  upper  one  is  the  state 
dam  diverting  water  for  the  supply  of  the  Erie  Canal ;  the  lower  two 
are  used  for  water-power  development.  Records  of  flow  have  been 
kept  at  the  lower  (Gilbert's)  dam  since  1898  by  the  United  States 
Geological  Survey  in  cooperation  with  the  state  engineer  department, 
the  results  for  1907  being  furnished  by  the  latter.  The  dam  is  of 
masonry,  planned  in  the  form  of  a  circular  arch,  and  furnishes  power 
for  the  Astoronga  Knitting  Mill  and  the  mill  of  the  Little  Falls  Paper 
Company.  *As  the  gage  record  is  kept  at  the  lower  dam  the  results 
do  not  include  the  diversion  at  the  state  dam  above  the  gaging 
station. 

Conditions  for  obtaining  accurate  discharge  data  are  fair,  and  the 
results  are  considered  to  be  fairly  good. 

Information  in  regard  to  this  station  is  contained  in  the  reports 
of  the  state  engineer  and  surveyor.  State  of  New  York. 
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Daily  discharge. 

in  second-feet,  of  Mohawk  River  at  Little  Falls,  N.  T.,for  1907, 

Day. 

Jan. 

Feb.  '  Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

1,456 
ol,084 
1,296 
1,307 
1,258 

2,664 
4,770 
3,460 
ol,862 
1,574 

1.523 
1,566 

1,976 
2,530 
2,581 
1,279 
1,151 

1,126 

0498 

783 

790 

834 

769 
1,104 

1,044 
1,567 
1,803 
ol,388 
1,118 

994 
1,024 
889 
859 
812 

0394 

677 

719 

1,387 

922 

856 
722 
0396 
375 
662 

658 
433 
567 
254 
O306 

209 
467 
617 
418 
452 
326 

«2« 

82 

607 

1,336 

2,914 

1,943 
1,335 
0622 
977 
1,020 

3,614 
6,644 
4,222 
1,732 
02,106 

1,190 

n6 

898 
775 
737 

1,206 
ol, 147 
1,198 
1,337 
1,787 

1,886 
1,836 
1,443 
fll,495 
3,391 

3,264     2,299 
1,846     2,068 
1,276  o4,0I5 
3,385     7,453 
5,516     5,758 

o3,675     3,995 
3,066    13,437 
5,744    11,705 
8,473     9.646 
5,164   o5,367 

3,806     4.684 
4,024     2,704 
o3,183     2.856 
2,755     2,706 

•  2  103 

2 ; 



2,145 

3 

2  061 

4 t 1 1 

1,365 

5 ' 1 

929 

6 1 1 ' 

1  315 

7 ! 

1,329 

8                        J.       .     t ■ 

ol  127 

9 1 i 

1,621 

lb 1                  ..... 

8,824 
11  5M 

11 1  = 1 

12                          '              1        .                   '         . 

8  633 

13 1.     ...   i 1 ■ 

1,145 

1,151 

5  991 

i4:::::::::::::.i    :  :i i....:.j:.::::. 

994 
1,258 

o580 
1,136 

834 

863 

1,262 

1,262 

1,033 

01,084 
1,061 
1,102 
1,616 
1,783 

2,064 

1,704 

ol,038 

970 

936 

936 

3.591 

15 

.        !     ....  1...       J... 

2,063     2.  am 

o  2,512 

16 

1             '             1 

ol,696 

1,802 
1,430 
1,233 
1.187 
ol,197 

1,614 
1,564 
1,380 

1,986 
02,007 
2,106 
1,972 
1,974 

2,231 
1,417 
2  .124 

2,C3 
2.5^ 
1,949 
2.087 

17                 i              .         .   ;      . 

960 
987 
895 
865 

18 1 ' ' 

19 i 1 ! 1 

20 '     -         ' 1 i 

2,032 
2.060 

21 

1             1 

924 

22 

■   *   ■     1*            1 

865 

0  463 

945 

951 

951 
1,022 
1,020 

985 
0  818 

aim 

23 

1             I 

3  570 

24 

1 

1,284  ol.TSn  1 

8  863 

25 

1            1 

1,245 

1.206 
O910 
6.351 

1,947 
2,100 

8,739 

26 

|-;;-|-;;;- 

27 

2,101  1    6,506 
2  ifti  1    ti  mi 

28 

1  _ 

29 

::::i:::'::;t::;:::::::::': 

6,772  ,  2,111    a6  084 

30 

6,218  1  2,406      5,737 

31. 

_  J  -_..  1 

2,995  i 6,840 

1 

o  Sunday. 

Monthly  discharge  of  Mohawk  River  at  Little  Falls,  N.  Y.,for  1907. 
[Drainage  area,  1,310  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


June 4, 770 

July 2,580 

August I  1,800 

September I  6, 640 

October I  8, 470 

November 13, 400 

December 1 1, 600 


Minimum. 


463 
498 
264 
82 
910 
1.420 
929 


Mean. 


Per 
square 
mile. 


1,390 
1,220 
761 
1,680 
3.020 
3,720 
4,250 


1.06 
.931 
.573 
1.28 
2.31 
2.84 
3.24 


RmH^ 
(depth  in 
inches  on 
drainage 
area). 


l.W 
1.07 
.66 
1.43 
2.66 
3.17 
3.74 


MOIIAWK  RIVER  AT  DUNSBACII  FERRY,  N.  Y. 

This  station  was  established  March  12,  1898,  in  connection  with  a 
system  of  levels  by  the  United  States  Board  of  Engineers  on  Deep 
Waterways,  by  D.  J.  Howell,  who  has  furnished  the  earlier  poBtion 
of  the  record. 

The  station  is  located  at  the  dam  of  the  West  Troy  Water  Com- 
pany, a  short  distance  above  Dunsbach  Ferry  bridge,  9  miles  from 
the  mouth  of  the  river.  Records  for  1907  and  1908  have  been  fur- 
nished by  the  state  engineer  department. 

The  dam  is  of  granite  masonry,  with  a  flat  crest,  and  is  in  two 
sections,  situated  on  opposite  sides  of  an  island  of  Hudson  River 
shale.     Total  length  of  crest,  560  feet.     The  dam  was  rebuilt  in  1903. 
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Conditions  for  obtaining  accurate  discharge  data  are  fair,  and  the 
records  are  fairly  good.  During  the  winter  period  ice  causes  some 
obstruction. 

Information  in  regard  to  this  station  is  contained  in  the  reports  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Daily  discharge,  in  second-feet,  of  Mohawk  River  at  Dunsbach  Ferry,  N.  F.,  for  1907-8. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

3,700 
03,430 
3,260 
3.100 
3,600 

4,410 
6,420 
8,720 
07,180 
4,840 

3,960 
3,430 
3,260 
3.100 
2,760 

02,430 

July. 

Aug.. 

Sept.      Oct. 

Nov. 

D,c. 

1907. 

19,240 
47,460 
35,110 

2,930 

2,760 

a  2. 760 

1,870 
1,870 
0 1,870 
1,640 
1,640 

1,870 
1,980 
2,100 
2,270 
0  2,270 

2,100 
2,100 
2,270 
2,760 
9,280 

13,730 
012,800 
14,690 
13,420 
12, 170 

12,800 
13,420 
16,740 
033,700 
23,440 

19,980 
17,080 
21,860 
25,820 
27,070 
025,820 

0  3,601 
3,431 
4.621 
6,931 
6,171 

5,701 
5,491 
05. 061 
4,469 
4,444 

4.014 
4,444 

11,016 

37,283 

o29,384 

30.304 
24,8«i9 
18,240 
13.600 
11,651 

9.561 
09,001 
10. 121 
13,731 
22,261 

19,611 

18,870 
13,730 
9,660 
8,440 
8,190 

8,190 
07,680 
6,930 
6,930 
6,680 

6,420 
7,940 
9,840 
010,400 
10,400 

8,190 
7,430 
6,680 
6,420 
6,700 

0  6,060 
4,410 
4,840 
9,000 

20,360 

16,060 
29,140 
020,350 
14,360 
11,860 

17,378 
16,371 
11,651 

13,730 
13,730 
11,240 
9,280 
09,660 

9,840 
9,560 
9,000 
9,280 
8,190 

7,180 
06,420 
5,920 
6,270 
6,060 

4,840 
6,060 
6.060 
04,620 
4,620 

4,190 
3,980 
3,980 
3,690 
3,260 

03,260 
4,190 
7,180 
6.700 
6,060 
3,980 

16.741 

21,091 

019.611 

1,760 
2,100 
2,600 
2,930 
3,430 

3,100 
0  2,4,30 
2,100 
1,870 
1,620 

1.520 
2,600 
3.430 
0  2,760 
2,270 

2.100 

1,640 
1,410 
1,410 
ol,520 
1,520 

1,410 
1,760 
1,620 
1,410 
1,410 

01, 180 

1,066 

950 

840 

840 

840 
786 
0730 
730 
730 

786 
840 
840 
840 
0730 

730 
730 
730 
730 
786 
840 

1,641 
01,521 

l.Of.6 
951 
061 

1.181 
1.411 
1,521 
0  1,301 
1,181 

951 
961 

89(i 
78(; 
731 

0  621 
731 
3,261 
5,491 
2,601 

2.271 

0730 
7.30 
730 

786 

7,430 
7,180 
7,430 
6.930 

7,940 
6,680 
08,440 
6,930 
6,920 

11.860 
30,940 
41.380 
23.440 
017,760 

13,730 
10,400 
9.000 
6,420 
6,270 

4,840 
04,410 
4,190 
3,760 
3,760 

3,760 
4,410 
4,840 
04,410 
3,760 

3,600 
3,980 
4,410 
4,840 
6,700 

06,701 
5,061 
4,191 
3.261 
2,931 
2,761 
2,601 

02,431 
2.101 
2,101 

1.981 
2,101 
2.101 
2.101 
02,271 

2,271 
2.101 
2,101 
2, 431 
2,431 

2, 431 
0  2.761 
2,761 
2.761 
2,931 

3,261 
4,621 
6.271 
04, 621 
4,191 

05, 060 

2 

4,410 

3     

4,190 

4 

65,2301     2.760 

4,620 

5       

35,110 

025,820 
17,420 
21,860 
17,420 
12,800 

10,680 
7,680 
06,930 
6,680 
6,170 

3,590 
3,100 
2,430 
2,430 
0  4,190 

6,930 
5,920 
4,840 
4,190 
3,690 

2,270 
02.600 
2,930 
3,100 
3,260 
3,100 

13,421 
11,661 

2,760 

3,100 
2,760 
2,760 
2,430 
02,600 

2,430 
2,430 
2,430 
2,430 
2,100 

2,100 
02,100 
2,100 
2,100 
2,100 

2,100 
2,100 
1,520 
0  1,870 
1,870 

1,870 
1,870 
1,870 

2,761 
0  2-761 

2,760j  10,400 
6,270012.480 

5,060 

6 

3,960 

7 

3,980 

0  3,260 

2,270 

2,100 

8,720 
8,440 
13.420 
10.680 

3,260 

8 

02,930 

9 

3,072 

10 

10,120 

11 ., 

1,980     3.720 

39,400 

12            ... 

3,980 
10,680 

7,430 
0  6,700 

3,430 
2,930 
2,430 
1,980 
1,760 

1,760 
0 1,870 
2,100 
2,430 
2,930 

3,690 

9,840 

0  8,190 

7,180 

6,890 

4,840 
3,760 
3,590 
2,270 
02,430 

3,690 
3,430 
3,260 
2,930 
2,760 

2.760 

22,260 

13 

14,040 

14 

10,120 

15 

09,000 

16 

7,940 

17 

2,100     2.270 

6,930 

18 

2,100 
2,100 
2,100 

2,100 
2,100 
0  1,870 
1,640 
1,640 

1,620 
1,640 
1,640 
1,410 
01,640 

6,491 
4,191 
3,761 
3.431 
2,924 

2.424 
02,254 
2,254 
1,924 
1,924 

2,254 

2,930 
2,270 
2,100 

0  2.270 
2,100 
1.870 
1,870 
1,980 

2,430 
3,260 
02,930 
2,600 
2,100 
1,760 

1,181 
1,181 
1,181 
1.181 
0951 

951 
951 
841 
951 

1.181 

6,700 

19 

5,010 

20 

4,474 

21 

3,930 

22 .::::::;.: 

06, 230 

23 

4;  754 

24 

14,690 

25 

22,640 

26 

16,400 

27 

3.100  02.600 

14,040 

28 

2,930 

0  3.760 

6,270 

731 

676 
621 
621 
621 

0  621 

621 
621 

3,100 
18,500 
18,600 
10,960 

621 

1,411 

1,871 

0 1,761 

1,521 

1,301 
1.212 
1.966 

13,110 

29 

013,420 

30 

13,110 

31 

12,220 

1906. 
1 

3,712 

2 

3,347 

3 

9,619i    2,372 
9,892'    2.2.^ 

3,177 

4 

8.441    17.081 
010,681    14.661 

3.017 

5 

0  6,087 

4,767 
3,347 
3,385 
3,431 
3,431 

3.261 
o3,761 
4,621 
6,171 
6,421 

5.701 
4,621 
4,411 
03. 981 
3,5(.2 

3.517 
2,924 
3,350 
3,431 
3,431 

03,431 
3,431 
3,101 
3,101 
2,931 
2,761 

2,328 

2,431 
2,250 
2,101 
02,101 
2,387 

2,347 
2,  .342 
2.931 
6,061 
7,643 

059,158 
36,492 
21,777 
13,062 
11,220 

11,192 
10.961 
010. 121 
7,941 
6,931 

5,701 
4,411 
4,191 
3,761 

3,017 

6 

12,481 
14,649 
21,777 
29.057 
29,937 

26.612 
023. 441 
25,711 
12,481 
11,138 

10,  .504 
10,224 
9.974 
oil. 651 
14,041 

12.801 
10,121 
8,441 
8,191 
10,121 

012.  «1 

11,561 
9,001 
19,981 
20.637 
ol6,977 

12,717 
10,317 
8,917 
9,477 
13,337 

10.317 
0  8.107 
6.337 
5,617 
5.407 

6,187 
4.977 
6, 931 
o9,841 
6,931 

4,841 
6,0(il 
6,421 
6,931 
6,171 
05,701 

02. 677 

7.. 

8.... 

2,187 
2,347 

9 

621      2. 101 

2.347 

10 

621 

621 
621 
05O6 
511 
511 

611 
611 
511 
611 
0511 

511 
401 
401 
401 
401 

401 
0401 
401 
401 
401 

1,761 

01.521 
1,362 
1.259 
1,259 
1,181 

951 
951 
0  841 
807 
807 

664 

6(H| 

774 

7(»8 
0  1,066 

1..301 
1.871 
3.701 
6,617 
8,181 
7,638 

2,847 

11 

3.677 

12 

2,264  0  1,411 

2,424     1.761 

02.483     1.641 

5,222 

13 

05.271 

14 

4,841 

15 

16 

17 

18 

19 

20 

21 

2,431 

2,101 
2,101 
1,871 
1,761 
1,438 

01.403 

1,761 

1,981 
2.931 
2,931 
02,9.31 
2,101 

1.871 

4.411 

3,981 
3.431 
2,931 
2.601 
02. 601 

2.761 

22 

1.738     1.871,     1.981 

2,431 

23 

1,804 
l,t>94 
1,694 

l.Ml  0  1,871 
1.981      1.521 

2,271 

24 

1.981 

2.5 ::::::::: 

2.761 

1,561 

1,411 

l,0«5t. 

951 

896 

0  841 

731 

1.871 

26 

1.768  0  2.4.31 

1,871 

27 

21,461,  13.421 
24, 621 !  13.421 

1,641 

01,411 

1,181 

1,411 

2,431 
2.101 
1,981 
1,981 
1,871 

01. 871 

28 

1,761 

29 

022,613 
21,777 
20,672 

13, 421 
13, 421 

1,761 

30 

1,871 

31 

1,981 

I Sunday. 
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SURFACE  WATER  SUPPLY,  lOH-S. 


Monthly  dMwrge  of  Mohawk  River  at  DuntbaA  Firry,  N.  T^  for  19€7-^. 
[DfiliMgf  are*,  S,440  aqittre  mlki.] 


Disrltarce  in 


1907.     - 

January 55,200 

Fe^>ruary 3, 100 

Man  h 33. 700 

April 2&.  100 

May U.700 

June 8.720 

July 3.430 

A  Uini-t 1 . 7«) 

SepiPinfjer 10,700  ' 

(hXo\if-r IK. 500  , 

Nov«TnbeT 41.400 

iHxiember 39,400 

The  year 55.300 

1908. 

January 

February 

March _ 

April 

May 

June 

July 

Auj^st 

September 

October 

November 

December 

The  year 50,200 


Mean.       square 


Raa-off 
(depth  IB 


2,270 
1,520  : 
1,6«0 

3*260 
1.410  I 
1,530  ' 
730  I 
730  i 
2,270 
3,500 
X9» 


730 


12,400 

X61 

2,320 

.674 

11.000 

3.30 

10.300 

2.90 

6,640 

l.«3 

3.110 

.904 

2,3» 

.es6 

1.040 

.302 

3.160 

.919 

7.170 

2.06 

9.030 

2.62 

9,M0 

2.86 

6,530  ■ 


L90    I 


401  , 


5,5«)  j 


1.61 


4.16 

.70 

xm 

3.34 
2.22 

i.m 

.79 
.35 
l.« 
^40 
2.92 
3.JD 


2&91 


13.400 

2,760 

4.M0 

1.41 

1.63 

50.300  . 

2.100 

8,650 

2.51 

in 

37,300  1 

3,430 

13.900 

4.04 

4.6$ 

29.900  1 

8.190 

14.800 

4.30 

4.80 

21.100  . 

4.840 

10.500 

3.05 

3.52 

5.490 

1,180 

2,250 

.654 

.73 

2.930  ; 

841 

1.740 

.506 

.58 

5.490  1 

621 

1.450 

.422 

.49 

731  ' 

401 

529 

.154 

.17 

8.  ISO 

621 

1,890 

.549 

.63 

.•i.700  ' 

1,960 

3,020 

.878 

.98 

6.270 

1.700 

2,910 

-846 

.98 

2LflB 


WEST   CANADA    CREEK «    AT   TWIN   ROCK   BRIDGE,  N.  Y. 

This  station,  which  is  located  at  the  highway  bridge  about  2  miles 
above  Hinkley  and  about  one-half  mile  below  the  outlet  of  Black 
Creek,  was  established  September  7,  1900,  to  obtain  general  statistical 
and  comparative  data  regarding  the  flow  of  West  Canada  Creek. 
Data  on  discharge  are  obtained  by  the  current-meter  method.  The 
gage  datum  has  remained  the  same  during  the  maintenance  of  the 
station. 

Several  dams  on  this  stream  in  the  vicinity  of  the  gaging  station 
are  used  for  power  development,  one  at  Hinkley,  about  2 miles  down- 
stream, and  one  near  the  head  of  Trenton  Falls,  about  midway  be- 
tween the  villages  of  Prospect  and  Trenton  Falls.  The  discharge  is 
affected  at  times  by  backwater  from  log  jams  and  the  dam  at  Hinkley. 
Ice  obstructs  the  channel  in  the  winter  months  and  during  this  period 
a  special  rating  curve  is  used  for  computing  the  flow. 

The  records  at  this  station  are  furnished  by  the  Consolidated  Water 
Company,  of  Utica,  X.  Y. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  engineer  and  surveyer,  State  of  New  York. 

a  For  descrlptloQ  of  this  creek  see  general  description  ot  Mohawk  River  basin,  p.  2U. 
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Daily  discharge,  in  iecond-feet,  of  West  Canada  Creek  at  Twin  Rock  Bridge,  N.  K,  for 

1907-^. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

Deo. 

1907. 
1 

3,319 
6,256 
3,433 
4,876 
9,056 

6,065 
4,137 
3,319 
4,137 
1,863 

1,090 

838 
904 
712 
636 

660 
5C0 
674 
712 
901 

1,138 

1,090 

1,042 

860 

904 

608 
636 
660 
560 
636 
492 

1,975 
1,870 
2,260 
1,855 
1,866 

1,554 
1,457 
1,498 
1,418 
1,174 

893 

970 

1,249 

1,102 

721 

761 
607 
693 
579 
483 

432 
500 
517 
483 
398 

551 
551 
598 
645 
500 
381 

660 
606 
772 
731 
468 

492 
492 
636 
626 
660 

492 
424 
424 

458 
458 

356 
390 
356 
322 
322 

288 
254 
220 
254 
220 

220 
220 
220 

364 
432 
449 
509 
669 

560 
626 
492 
483 
483 

398 
407 
398 
407 
959 

\^ 

3,114 
2,320 
1,900 

1,470 

1,327 

984 

926 

871 

1,064 
1,114 
1,114 
1,018 

"237* 
330 
407 
373 

305 
237 
254 
237 
220 

4,813 
3,039 
2,503 
2,031 
2,199 

2,566 
2,154 
1,337 
1,458 
1.106 

6,470 
4,349 
2,685 
2,103 
2,477 

1,959 
1,626 
1,479 
1,437 
1,222 

1,222 
1,222 
1,260 
1,318 
1,337 

651 
1,183 
741 
717 
644 

578 
588 
557 
598 
598 

466 
802 
894 
802 
681 
632 

8,608 
6.684 
4,870 
3,085 
2,415 

3,085 
1,950 
5,080 
4,380 
3,420 

2,080 
1,88,5 
3,018 
2,616 
3,692 

2,348 
1,820 
1.495 
2,348 
1,150 

598 

900 

2,816 

1.150 

2,015 

1,560 
2,415 
1,374 

1,000 
1.820 
2,348 

608 
598 
647 
476 
466 

1,245 

1,262 

1,210 

632 

608 

656 
608 
527 
450 
425 

547 
415 
317 
300 
2W 

292 
351 
308 
386 
238 

224 
334 
425 
300 
292 

2,884 

3,420 

1,430 

950 

700 

530 
360 
480 
296 
314 

288 
270 
244 
253 
261 

340 
296 
244 
209 
1,262 

820 
405 
314 
29(> 
331 

^8 
244 
261 
322 
322 



777 

1,490 

1,063 

705 

632 

396 
396 
308 
238 
222 

219 
338 
588 
517 
342 

238 
308 
517 
314 

284 

383 
342 
624 
405 
342 

647 
547 
456 
326 
231 
210 

314 
305 
296 
296 
350 

314 

305 
950 
632 
226 

360 
322 

296 
288 
296 

(«•) 

i^) 

(M 

244 
666 
740 

1,495 
950 
480 
370 
340 
270 

207 
334 

838 
578 
357 

289 
348 
354 
260 
235 

281 
233 
620 
400 
222 

180 
196 
180 
185 
196 

191 
168 
165 
172 
168 

154 
165 
183 
176 
183 
176 

185 
200 
178 
162 
178 

455 
350 
314 
305 
244 

192 

178 
185 
185 
178 

185 
218 
370 
305 
244 

200 
170 
185 
185 
162 

162 
155 
155 
148 
148 
155 

186 
176 
222 
838 
1,239 

737 
686 

667 
667 
741 

973 
3,950 
1,682 
1,010 
1,280 

814 
644 
608 
557 
627 

688 
581 
435 
527 

818 

966 
781 
640 
777 
1,682 

140 
148 
178 
192 
185 

209 
209 
170 
170 
218 

218 
226 
244 
244 
235 

226 
226 
218 
140 
140 

140 
135 
135 
135 
135 

135 
218 
209 
505 
360 

1,210 

628 

603 

1,689 

2,097 

1,510 
1,310 
4,225 
4,900 
2,716 

1,828 
2,271 

1,828 
1,438 
1,111 

932 
790 
699 
614 
636 

650 
547 
514 
517 
469 

466 

617 

3,300 

3,600 

1,878 
1,262 

305 
270 
270 
261 
209 

170 
170 
170 
185 
218 

314 
350 
270 
200 
185 

170 
170 
185 
200 
178 

162 
148 
155 
155 
178 

200 
218 
244 
322 
331 
261 

1,010 
942 
1,769 
3,620 
2,860 

2,263 
4,600 
3,160 
1,850 
1,828 

1,379 

1,106 

952 

822 

763 

705 
699 
620 
698 
802 

822 
668 
705 
681 
628 

591 
585 

667 
603 
667 

236 
218 
170 
178 
170 

178 
185 
192 
226 
192 

296 
900 
370 
296 
279 

263 
270 
218 
253 
270 

322 
331 

288 
279 
632 

1,950 
2,015 
1,496 
1,496 
405 

762 

2 

718 

3 

826 

4 

478 

5 

478 

6 

586 

7 

670 

8 

668 

9 

586 

10 

4,938 

11    

213  1  1,222 
199  '  1.773 

7,714 

12 

6,648 

13 

228 
216 
364 

600 
543 
492 
475 
449 

492 

526 

783 

1,392 

1,262 

1,301 
1,262 
2,403 
11,720 

9,097 
8,212 

1,054 
805 
1,666 
1,694 
1,498 

1,405 
1,301 
1,327 
1,314 
1,0W 

1,102 
1,198 
1,314 
1,590 
1,915 

2,751 
2,502 
2,240 
1,945 
1,540 

1,275 
1,186 
1,150 
1,162 
1,327 

1,126 
1,353 
2.130 
10,918 
7,118 
4,660 

1,479 

1,106 

988 

845 

808 
735 
084 
651 

684 

668 

826 

2,175 

3,839 

5,680 
6,548 
4,319 
3,868 
4,046 

2,214 
1,950 
1,430 
1,100 
950 

1.374 
1,820 
4,170 
5,792 
4,310 

4,100 
4.240 
3,085 
1,9.50 
2,348 

3,353 
2,214 
1.885 
3,420 
3,219 

1,950 
1.374 
1,430 
4,060 
7,154 

7,009 
8,371 
8,086 
6,576 
3,556 

8,212 

14 

7,009 

16 

6,120 

16 

6,840 

17  

5,190 

18 

4,666 

19  

4,076 

20 

3,666 
3,781 

21 

22 

3,347 

23 

3,966 

24 

8,766 

25 

6,792 

26  

6,002 

27 

3,620 

28 

3,161 

29 

2,955 

30 

2,581 

31       

4,844 

1908. 
1 

360 

2 

3 

4 

6 

380 
322 
306 
305 

6 

7 

8 

9 

10 

11 

12 

13 

14  

296 
314 
950 
820 
506 

480 
466 
564 
466 

15 

370 

16 r 

360 

17    

305 

18 

305 

19 

20 

288 
322 

21 

305 

22 

263 

23  

253 

24 

261 

25 

360 

26 

305 

27 

314 

28 

305 

29 

296 

ao 

279 

81 

296 

o  Ice  gorge  below  February  16  and  17, 1908.  b  Repairing  Uinkley  Dam  July  16  to  22, 1908. 


Digitized  by  VjOOQIC 


216  SUBFACE  WATEB  SUPPLY,  1907-8. 

Monthly  discharge  of  West  Canada  Creek  at  TmnRock,  N.  T,,/orl907S. 
IDntnage  area,  364  square  miles.] 


Month. 


Discharge  In  8eoond4eet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-oil 
(depth  in 
tm»e8oo 
drainage 
area). 


1907. 

January 

February 

March2to31 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1908. 

January 

February,  27  days 

March... 

April 

May 

June 

July,  24  days 

August 

September .• 

October 

November 

December 


9,060 
772 
11,700 
6.660 
6,470 
1.260 
1,490 
838 
3,950 
4,900 
4.600 
8,770 


2,260 

3.110 

10,900 

8,690 

8.610 

3,420 

1,500 

455 

505 

350 

2,020 

950 


492 
220 
199 
651 
466 
224 
210 
154 
176 
514 
557 
478 


381 
364 
806 
950 
508 
200 
226 
148 
135 
148 
170 
253 


1,990 

419 

1,490 

2,170 

1,400 

511 

458 

271 

857 

1,510 

1.290 

8,820 


085 

915 

2,060 

3.520 

2,710 

621 

463 

■214 

201 

220 

485 

377 


&47 
1.15 
4.00 
5.96 
3.85 
1.40 
1.26 
.745 
2.85 
4.15 
3.54 

laso 


2.71 
2.51 
5.71 
9.67 
7.45 

i.n 

1.27 
.588 

.552 
.604 
1.33 
1.0« 


6.31 
L20 
4.56 

6.65 
4.44 
1.56 
1.45 

.86 
2.62 
4.78 
3.95 
12.11 


3.12 
2.52 
6.58 
ia79 
&50 
1.91 
1.13 
.68 
.62 
.70 
1.48 
L20 


WEST   CANADA   CREEK**   AT   KAST   BRIDGE;  N.  Y. 

This  station  is  located  on  the  highway  bridge  about  4  miles  above 
the  outlet  of  West  Canada  Creek  and  about  3  miles  above  the  village 
of  Herkimer,  N.  Y.  It  was  established  May  15,  1905,  for  the  purpose 
of  obtaining  general  statistical  and  comparative  data  regarding  the 
flow  of  West  Canada  Creek.  Data  on  discharge  are  obtained  by 
the  current-meter  method. 

Records  for  1907-8  have  been  furnished  by  the  state  engineer 
department. 

About  20  miles  above  the  gaging  station  is  the  dam  of  the  Utica 
Gas  and  Electric  Company,  which  develops  power  for  transmission 
to  Utica  and  other  places  in  this  vicinity.  Water  is  diverted  from 
West  Canada  Creek  near  the  village  of  Hinkley,  for  domestic  and  com- 
mercial uses  at  Utica,  by  the  Consolidated  Water  Company  of  Utica, 
N.  Y. 

No  important  tributaries  enter  the  creek  between  this  station  and 
that  at  Twin  Rock  Bridge.  Conditions  for  determining  accurate 
discharge  are  fair  and  a  fairly  good  rating  table  has  been  developed. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  engineer  and  surveyor,  State  of  New  York. 

a  For  description  of  ibis  creek  see  general  description  of  Mohawk  River,  p.  211. 
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Daily  dUcharge,  in  second-feet,  of  West  Canada  Creek  at  Kast  Bridge,  N.  Y.,/or  1907-8, 


Day. 

Jao. 

Feb.a 

Mar.a 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1907. 
1   

4,875 
4,585 
3,678 
18,680 
,  9,055 

5,238 
4,150 

6,025 
3,600 
2,786 
2,326 
2,418 

3,029 
2,464 
1.630 
1,735 

7,130 
6,628 
3;  324 
2,694 
2,878 

2,372 
2,326 
2,015 
1,980 
1,700 

1,770 
1,490 
1.350 
1,299 
1,324 

1,095 
1,070 
1,070 
1,172 
942 

866 
1,172 
716 
804 
804 

903 

1,350 

1,274 

1,248 

993 

840 

9,368 
8,665 
5,770 
4,091 
3,029 

3,147 
4,150 
5,528 
4.875 
3,737 

2,602 
2.326 
2,015 
2.694 
2,924 

2,050 
2,602 
1,350 
1,385 
1,324 

993 
1,197 
2.050 
1,945 
1,222 

1.910 
2.W8 
1,66.5 
1.197 
1.274 
1,770 

804 
767 
745 
604 
609 

1,840 

2,970 

1,980 

942 

723 

767 
942 
687 
541 
677 

1,044 
626 
437 
433 
390 

423 
366 
366 
309 
390 

414 
414 
446 
428 
555 

2,878 
1,505 
1,455 
1,248 
993 

804 
701 
643 
774 
621 

526 
475 
451 
423 
456 

570 
599 
465 
968 
745 

1,044 
651 
511 
451 
548 

442 

461 
385 
395 
370 

042 
1,248 
1,770 
1,526 

651 

611 
446 
370 
414 
356 

290 
604 
626 
626 
461 

390 
475 
526 
584 
451 

433 
375 
428 
840 
767 

621 
782 
684 
428 
428 
366 

361 
299 
295 
271 
446 

394 
328 
636 
942 
643 

451 
356 
390 
276 
267 

356 

366 

1,665 

3.501 

1,735 

993 
1,805 
916 
730 
606 

789 
636 
548 
428 
390 
314 

446 
658 
942 
826 
670 

475 
456 
461 
442 
423 

347 
267 
394 
916 
428 

285 
342 
238 
118 
356 

333 
299 
271 
356 
328 

708 
262 
299 
276 
248 
262 

314 
238 
262 
366 
328 

618 
723 
475 
470 
442 

351 
323 
347 
351 
314 

314 
662 
891 
672 
497 

394 
385 
351 
238 
328 

314 
290 
295 
276 
309 
211 

234 
200 
271 
840 
2,096 

1,197 
826 
672 
584 
708 

3,088 
5,310 
3,265 
1,490 
818 

1,299 
694 
584 
562 
511 

680 
687 
601 
774 
993 

1,095 

1,018 

833 

993 

1,980 

304 

280 
276 
248 
252 

230 
257 
338 
314 
290 

243 
309 
323 

188 
238 

295 
179 
271 
252 

262 

194 

185 
208 
176 
170 

185 
204 
133 
601 

730 

1,806 
968 
<*) 

& 

8,275 
4,032 

2,188 
3,088 
2,418 
1,980 
1,420 

1,324 
993 
942 
833 
866 

826 
745 
680 
651 
584 

456 
461 
4,802 
4,875 
2,326 
1,490 

470 
456 
319 
338 
323 

314 
319 
262 
234 
280 

437 
665 
551 
437 
428 

333 
361 
347 
176 
262 

248 
276 
230 
295 
319 

156 
370 
356 
677 
694 
648 

1,006 
1,096 
1,910 
4,440 
2,786 

2,050 
8,275 
9,152 
4,222 
2,464 

1,700 

1,420 

1,222 

993 

866 

(^) 

968 
811 
993 

866 
826 
866 
1,146 
903 

418 
351 
361 
285 
296 

285 
328 
461 
366 
437 

465 

1,189 

1,070 

760 

651 

555 
465 
626 
465 
577 

762 
716 
767 
826 
1,197 

2,096 
2,157 
1,788 
1,103 
908 

762 

2 

840 

3    

797 

4 

641 

5     

351 

6      .  .  . 

609 

7 

658 

8 

4,585 
3,619 
2,015 

2,015 
1,455 
1,197 
1,197 
1,120 

0636 
a  475 
a584 
a562 
(«) 

01,805 
1,350 
a  782 
a723 
a665 

(») 

621 

9   

708 

10 

1,274 

1,420 
1.875 
2,015 
1.525 
1,274 

1,095 
993 

1,018 
891 
840 

767 

730 

782 

3,619 

4,876 

8,275 
7,788 
6,310 
4,948 
4,948 

8,080 

9,720 
4,512 

11 

12   

13 

2,372 
2,188 

14     

15 

1,526 

16 

1,490 
1,274 
1,172 
1,044 
840 

17      

18 

\ 

19      

1 

20 

21  

1 

891 

22        .... 

826 

23   

2,146 

24 

6,460 
6,770 

3,796 
2,326 
3,737 

25   

28 

27 

28 

29 

3,206 

30 

2,234 
4,368 

818 

31 

1908. 
1 

628 

866 

1,385 

1,222 

1,044 

760 
891 
811 
833 
752 

643 
1,146 
1,660 
2.602 
3,560 

6,020 
3,973 
2,510 
1,770 
1,525 

4,150 
3,383 
6,110 
8,080 
6,025 

5.455 
5,020 
4,295 
2,786 
4,032 

4,150 
3,206 
2,878 
4,512 
4,295 

2,970 
2,510 
2,188 
4,875 
8,470 

8.470 
9,955 
10,190 
8,762 
4,585 

2 

811 

3 

687 

4 

548 

5 

636 

%           

428 

7 

584 

8 

1,172 

9 

1.385 

10 

906 

11 

767 

12 

942 

13 

1,235 

14 

1,172 

16 

942 

16 

4,440 
3.501 

1,044 

17 

942 

18 



2,740 
2.326 
1,840 

1,490 
1,560 
1,980 
3.560 
2,924 

3,088 
5,165 
7,592 
11.130 
6.960 
5,020 

672 

19 

737 

20 

672 

21 

687 

22 

628 

23 

489 

24  

518 

25 

651 

26 

651 

27 

628 

28 

577 

29 

30 

541 

489 

31 

651 

o  Ice  obstruction.  6  No  record. 

NoTX.— loe  obstruction  during  portions  of  January  and  February,  1908. 
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Monthly  diidiarge  of  We$t  Canada  Creeh  at  Kast  Bridge,  N.  F.,  for  1907-^. 
[DnUiMge  area,  574  square  miles.] 


Month. 


1907. 

January  (24  days) « 

April 

May 

June 

July 

August 

Septembo' 

October  (26  days) 

November  (24  days) 

December , 

1906. 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  8eoond4ect. 


Maximum.  Minima  m. 


18,700 
8,280 
7.130 
2.970 
1,770 
942 
5,310 
8.280 
9,150 
9,720 


11,100 

10,200 

9.370 

2.880 

3,500 

801 

730 

094 

2.160 

1,380 


»475 
730 
716 
309 

290 
118 
200 
iS6 
811 
351 


1,520 
903 
370 
267 
211 
133 
156 
285 
428 


Mean. 


3,130 

2.740 

1,790 

751 

613 

420 

1,160 

2,150 

2.180 

2,450 


2.710 
4,870 
2,950 
755 
714 
392 
271 
367 
754 
762 


Square 
miles. 


RaiH)fl 
(dwthln 
inches  CD 
dialnace 

area). 


5.45 

4.77 
3.12 
1.31 
1.07 
.732 
2.02 
3.75 
3.80 
4.27 


4.72 
8.48 
5.14 
1.32 
1.24 
.683 
.472 
.639 
1.31 
1.33 


I 


4.86 
532 
3.60 
1.46 
1.23 
.84 
2.25 
3.63 
3.30 
4.92 


544 

9.46 
593 
1.47 
1.43 
.79 
.53 
.74 
1.46 
1.&3 


a  8  days'  ice  obstruction. 
EAST   CANADA    CREEKS    AT   DOLGEVILLE,    N.   Y. 

This  station  was  established  September  23,  1898,  for  the  puq>ose 
of  obta-ining  general  statistical  and  comparative  data  regarding  the 
flow  of  East  Canada  Creek.  It  is  located  at  the  dam  of  the  Herkimer 
County  Light  and  Power  Company,  about  7  miles  above  the  outlet 
of  the  stream  at  High  Falls,  near  the  village  of  Dolgeville,  N.  Y. 

The  record  is  kept  of  the  flow  over  the  dam  and  through  the 
wheels.  The  discharge  over  the  dam  is  computed  from  a  discharge 
curve  based  on  United  States  Geological  Survey  experiments  at 
Cornell  University.  The  discharge  through  the  wheels  is  computed 
from  current-meter  measurements  in  the  tailrace.  Records  for 
1907-8  have  been  furnished  by  the  state  engineer  department. 

Spruce  Creek,  the  principal  tributary  to  East  Canada  Creek,  enters 
about  1  mile  above  Dolgeville.  Water  is  diverted  from  this  creek 
and  from  Beaver  Brook,  one  of  its  tributaries,  at  Diamond  Hill, 
for  use  at  Little  Falls,  N.  Y.  Water  is  also  diverted  from  Cold 
Brook,  a  tributary  to  East  Canada  Creek,  for  use  at  Dolgeville,  N.  Y. 
No  allowance  is  made  for  these  diversions  in  computing  the  discharge 
at  the  gaging  station. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  engineer  and  surveyor.  State  of  New  York. 

a  For  description  of  tbis  creek  see  general  description  of  Mohawk  River  basin,  p.  211. 
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Daily  discharge,  in  seccmd-feeiy  of  East  Canada  Creek  at  DolgevilU,  N.   Y.,  for  1907-8. 


Dty. 

Jan. 

Feb. 

1907. 
1 

1,752 
2,224 
1,452 
3.866 
3,068 

«2,757 
2,413 
2,079 
1.518 
1,136 

1,008 

783 

al,ll3 

689 

2 

624 

3 

a  771 

4 

323 

5 

35fO 

6 

516 

7 

525 

8 

546 

9  .             .       . 

420 

10 

0  670 

U 

441 

12 

252 

13.. 

226 

19.. 
20.. 

;ii.. 

22.. 
23.. 
24.. 
25.. 

26.. 
27.. 

28.. 
29.. 
30.. 
31.. 


9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 


18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


1908. 


215 
373 


368 

264 
448 

649  I 

910 

a  767  I 

504  I 

390 

615  ' 

368  ,  a  232 

295    194 


02(50 
216 
197 
210 


179 
179 


245 
a237 
449 
382 
413 
604 


837 

806 

445 

6  150 

a  756 

338 
619 
480 
315 
343 

868 
0  620 
397 
378 
353 

306 
326 
373 
0369 
323 

319 
305 
218 

296 
265 

0  135 
207 
366 
254 
294 
379 


207 

188 
199 


290 

o287 

329 

278 


287 
299 
282 
1  172 
209 

239 
170 
170 
232 
851 

03.414 

2.650 
1.708 
1.6.59 
1,290 

1,090 
739 

0  646 
6.SM 
448 

6H.3 
649 
571 
398 


Mar. 


186 
145 
ol70 
152 
148 

141 

218 
192 
169 
092 

185 
183 
149 
248 
303 

377 
o341 
258 
251 
286 

247 
322 
792 
O902 
621 

460 

838 

2.147 

2,742 

2.892 

o2,018 


940 
527 
346 
312 
462 

640 
ol67 
260 
268 
227 

254 

262 

208 

o  181 

250 

254 
242 
246 
235 
204 

ol02 

235 

203 

1,549 

1,391 

1.418 
2.3.37 
ol,005 
631 
470 


884 
504 
358 
255 
a  162 

270 
264 
265 
250 
259 

126 
o  126 
1.37 
237 
226 

238 
2;i5 
192 
o95 
235 

221 
227 
216 
216 
185 

o  100 
2.5.3 
249 
2,3.3 
107 
236 


0  417 
634 

782 
589 
491 

457 
533 
0  465 
314 
350 

472 

514 

705 

1,081 

O920 

1.244 

i,as7 

988 
8.50 

m.; 

710 
a  r.28 

9.33 
1..322 
1.321 

2.301 

3.2<>9 
3,0.56  I 
i2.r,.36 
2.4.57  I 
2,295  i 


1.793  3,878 

1,650  2.701 

1.420  a2.20ti 

840  1.58.3 

0  842  1,433 


I 


1.092 
1..5.5'J 
2.361 
4.. 302 
4.097 

2.804 
r2. 472 

2.(XW 
1 .  t.73 
1,903 

2.677 
2,024 
2.097 
i2. 153 
9,57 


June. 


633 
.it  .9 
163 
74»i 
820 


181 
ol29 
218 
114 
218 

902 
902 
64.5 
0  654 
69t) 

205 
200 
200 
210 
204 

o91 
222 
220 
MA 
169 

1.32 
112 
o  107 
120 
14«j 

226 
23.5 
17H 
184 
a  96 


1.132 
1..542 

2..5<iy  I 

1.8<^5 
nl.221   I 

1.157 

I.IOH   I 

745  ; 
l.(X)l 

1.13:1  I 

970 
a  8H 

78S  I 
8(KI  ' 
(>5«) 

602  ' 
1.070 

714  I 
a  (V4*i 

.590 


July. 


i.a30 

850 
765 
730 
431 

2.36 
«  31^2 
2.3*^ 
2»Ki 
2»>4 

190 

2<Kt 

170 

a  VH) 

.303 

594 
404 
243 
VM) 
209 

a  172 
170 
IW 
175 
175 


i2,  .563 
3,0.5.5 
2.  7«)2 
2.  .3.15 
1.945 


687 

180 

741 

i.i;i 

712 

a  74 

r.79 

115 

'.«)5 

156 

813 

Aug. 


116 
231 
347 
250 
133 

117 
»  100 
100 
W) 
98 

137 
134 
203 
a  141 
147 

166 
180 
241 
218 
158 

a  112 
126 
180 
187 
249 

1% 
189 
a»>.3 
81 
113 
121 


8.5 

91 

a  195 

121 
121 
197 
126 


121 

a  121 

121 

121 

i;io 

1.32 
121 
945 

«  S70 
731  i 

5f.7  j 

372  ' 

.3»a 

314 

u  22.5  . 
213 
VM) 
2Hi 
113 
109 


172 
231 
145 

o  161 
189 

214 
191 

199 
187 
104 

a  -22.3 
1.38 
167 
157 
127 

117 

ia5 

a  100 
9«i 
10<i 

KXl 
124 

ia5 

100 
95 

ia5 

131 
10,5 
100 

ia5 


ia5 

o  117 
105 
121 
121 

.V)5 
2h2 
187 
o  121 
121 

121 
132 
121 
121 
113 

o  ia5 

4(>1 
4'<.5 
318 

2m 

1.56  ' 
113  I 
a  ,8.5 
121 
121 

121 
121 
113 
10.5 
a  10.5 


Sept. 

Oct. 

Nov. 

ol05 

602 

351 

100 

382 

271 

141 

324 

a  631 

246 

1,082 

878 

249 

517 

1.007 

ZVS 

0  425 

850 

242  1 

462 

3.147 

a  im» 

1,1.38 

2,422 

2W» 

1,747 

1,1.52 

246 

1,247 

0  821 

254  ' 

1.271 

709 

2,50 

1.070 

80.5 

247 

0  1,0.52 

700 

237  ■ 

1,007 

.503 

0  117 

456 

471 

242 

.304 

523 

2.53 

304 

0404  t 

24*. 

274 

:i58 

2.3.8 

227 

321 

242 

0  159 

278 

279 

28.3 

3a5 

a  168 

250 

;i.5.3 

2(.9 

172 

210 

276 

257 

a  ;r.i. 

344 

252 

3,i.i 

288 

221 

334 

:ioo 

u  108 

278 

29<> 

757 

4<»3 

a  .128 

1,292 

;i80 

2«,6 

792 
442 

327  1 

105 

141 

ol53 

KW 

141 

12.5 

105 

139 

121 

100 

0  1(X) 

145 

112 

95 

128 

a  32 

114 

125 

141 

10.5 

146 

129 

10.5 

o242 

105 

121 

177 

109 

121 

168 

113 

0  \m 

243 

101 

138 

54  4 

o  100 

132 

.304 

\m 

209 

315 

109 

122 

0  95 

109 

117 

95 

117 

121 

252 

117 

ol09 

95 

100 

a  80 

105 

278 

80 

109 

•Mf.) 

10.5 

109 

a  449 

105 

105 

'Mi 

:to4 

105 

211 

28<J 

o  <j5 

501 

10.5 

137 

•M.H 

a  10,5 

,       11'.* 

8.5«( 

lo-.i 

1       2-21 

03.t 

;km 

3.  is 

«  .517 

48 

j       2(W 

21,3 

Dec. 


o261 
370 
330 
270 
271 


260 

0337 

342 

452 

2,080 
1,749 
l.40:i 
1.029 
0  677 

872 
.061 
429 
452 
609 

443 

0  28.J 
1 ,  .58.3 
2. 2.3,5 
l,«>26 

1.220 
1.117 
1,125 
0  814 
954 
924 


237 
144 
100 
167 
170 

O1.30 
315 
JCJ,3 
768 
(HH 

644 

:i69 
0457 

348 
349 

437 
310 
264 
301 
o  188 

223 
146 
150 

174 
237 

19<) 
o  170 
172 
170 
170 
190 


a  Sunday. 


fr  Pond  empty,  January  4,  1908. 
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SURFACE  WATEB  SUPPLY,  1907-8. 


Mmthly  dUcharge  of  East  Canada  Creek  at  DolgevHU,  N,  Y.,/or  1907-S. 
[Drainage  area,  256  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


Square 


Rim-afl 
(d«ptbln 
incnesoQ 
draiittge 

area). 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1907. 


3,870 

237 

771 

179 

2,880 

92 

2,340 

102 

884 

95 

902 

91 

347 

63 

231 

85 

344 

100 

1,750 

106 

3,150 

246 

2.240 

261 

1,000 
343 
586 
528 
246 
260 
159 
138 
236 
609 
664 
817 


4.26 

1.34 

2.29 

2.06 

.961 

1.05 

.621 

.539 

.922 

2.38 

2.59 

3.19 


4.91 
L40 
164 

2.30 

1.11 

LIT 

72 

!c 

L© 
2-74 
2.89 
3.GB 


The  year. 


January 

Februaury. . . 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


3,870 


63 


L85 


28.21 


3,410 

3,300 

4,300 

3,880 

1,030 

945 

505 

365 

338 

968 


The  year. 


4,300 


135 

170 

314 

840 

590 

74 

85 

85 

32 

95 

95 

130 


401 

724 

1.120 

2,070 

1,210 

313 

264 

171 

124 

138 

306 

297 


32 


596 


L57 

2.83 

4.38 

8.09 

4.73 

1.22 

1.03 

.668 

.484 

.539 

1.20 

1.16 


1.81 
3.06 
S.05 
9.03 
S.45 
L36 

.  << 
.54 
.63 
1.34 
1.34 


2.33 


3LS5 


Note.— Discharge  interpolated  November  18  and  19, 1908. 

SCHOHARIE    CREEK**   AT   PRATTSVILLE,    N.    Y. 

This  gaging  station  was  established  November  7,  1902,  by  the 
United  States  Geological  Survey  on  the  highway  bridge.  On  May 
7,  1907,  it  was  assumed  by  the  board  of  water  supply  of  the  city  of 
New  York,  by  whom  this  description  and  the  following  tables  of  dis- 
charge were  supplied  for  the  complete  years  1907  and  1908.  On 
May  7,  1907,  a  new  standard  board  of  water-supply  chain  gage  was 
established  in  place  of  the  old  one,  which  was  dilapidated  and 
unwieldy.  The  old  datum  was  preserved  and  the  present  readings 
conform  to  those  already   obtained. 

The  bridge  is  a  single-span  steel  highway  bridge  187.8  feet  between 
abutments,  and  all  the  water  passes  between  them  at  all  but  the  very 
highest  stages. 

In  high  water  measurements  are  made  from  the  bridge,  while  in 
low- water  stages  they  may  be  made  by  wading  at  a  point  about  500  feet 
below  the  bridge. 

The  gage  is  attached  to  the  floor  of  the  bridge  on  the  upstream 
side  near  the  left  bank.  The  chain  length  is  27.05  feet.  The  eleva- 
tion of  the  datum  of  the  gage  is  1,130.03  feet  (U.  S.  G.  S.  bench  mark). 
The  gage  datum  is  referred  to  a  bench  mark — a  circle  of  white  paint 

a  For  description  of  this  creek  see  general  descrtption  of  ICohawk  River  bailn,  p.  21L 
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marked  on  a  bowlder  at  the  right  end  of  the  downstream  side  of  the 
bridge;  elevation  1,151  feet,  or  20.97  feet  above  the  datum  of  the 
gage. 

Gage  readings  are  made  each  morning  and  evening  by  Miss  Edna 
M.  Snyder,  of  Prattsville,  N.  Y. 

Information  in  regard  to  this  station  is  contained  in  the  reports  of 
the  state  engineer  and  surveyor,  ^tate  of  New  York.  The  monthly 
discharge  for  1907  as  published  in  this  report  is  superseded  by  the 
values  computed  by  the  New  York  board  of  water  supply  as  given 
below,  on  the  basis  of  additional  data  obtained  since  May  7,  1907. 

Daily  gage  height ^  in  feet,  of  Schoharie  Creek,  Prattsville,  N.  Y.,Jor  1907. 
[E4na  M.  Snyder,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

Day. 

Jan. 

Feb. 

Mar. 
5.5 

Apr. 
5.0 

1  Day. 

Jan 

Feb. 

Mar. 

Apr. 

1 

6.1 

6.55 

6.6 

5.5 

11 

5.3 

6.2 

21 

6.3 

5.9 

4.8 

6.1 

2 

5.5 

6.6 

6.6 

5.4 

12 

5.2 

6.15 

5.5 

5.15 

22 

6.5 

5.8 

5.3 

6.2 

3 

5.3 

6.5 

5.9 

6.25 

13 

5.1 

6.15 

5.9 

5.25 

1  23 

7.0 

5.8 

6.1 

5.45 

4 

6.0 

6.36 

5.9 

5.2 

14 

5.2 

6.1 

8.0 

5.3 

|24 

7.1 

5.8 

6.1 

7.2 

5 

5.5 

6.3 

5.9 

5.15 

15 

6.4 

6.1 

7.0 

5.3 

26 

7.0 

5.9 

5.8 

6.3 

5 

5.3 

6.3 

5.9 

5.06 

16 

5.3 

6.1 

5.5 

5.25 

26 

7.0 

6.9 

5.6 

6.3 

7 

5.4 

6.3 

6.9 

4.95 

17 

5.3 

6.1 

5.5 

5.25 

,  27 

7.0 

5.8 

5.05 

6.0 

8 

5.85 

6.3 

6.9 

5.0 

18 

6.3 

6.05 

5.4 

5.2 

|28 

6.9 

5.7 

6.55 

5.7 

9 

6.7 

6.2 

5.8 

5.0 

19 

6.45 

6.05 

5.2 

6.2 

'29 

6.8 

6.4 

5.6 

10 

5.4 

6.2 

5.7 

6.0 

20 

6.36 

6.0 

5.2 

5.15 

30 

31 

6.7 
6.6 

6.2 
5.8 

5.6 

Note.— River  open  January  1-11;  Ice  conditions,  January  12  to  March  13,  and  open  March  14.    During 
the  frozen  period  gage  heights  were  taken  to  water  surface  in  a  hole  in  the  ice. 


Daily  dischargey  in  seco 

nd-feet,  of  Schoharie  Creek  at  Prattsville,  N. 

Y.,  for  1907-8. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.  a 
1  

1,130 
620 
490 

1,030 
620 

490 
550 
885 
760 
560 

490 
430 
375 
320 
300 

260 
240 
300 
370 
800 

600 
400 
350 
300 
350 

440 
400 
360 
330 
280 
220 

250 
270 
260 
200 
240 

200 
170 
160 
160 
160 

150 
140 
130 
140 
150 

140 
130 
120 
130 
130 

130 
140 
150 
150 
150 

120 
110 
100 

100 
105 
110 
105 
100 

95 
90 
95 
100 
95 

90 

100 

100 

3,000 

2,240 

620 
620 
550 
430 
430 

230 

490 

1,130 

1,130 

840 

620 

350 

1,0(50 

1,4S0 

1,240 

840 

620 
550 
460 
430 
400 

350 
300 
325 
325 
325 

326 
400 
460 
490 
490 

460 
460 
430 
430 
400 

375 

430 

585 

2,520 

1,360 

1,300 

i.ato 

760 
690 
620 

620 
620 
620 
620 
1,030 

800 
620 
930 
690 
620 

550 
490 
430 
375 
325 

430 
700 
550 
550 
490 

430 
375 
325 

300 
280 

325 
400 
400 
325 
280 
255 

230 

350 

1,480 

1,080 

760 

930 
690 
550 
490 
430 

375 
325 
280 
255 
230 

230 
190 
155 
155 
190 

155 
140 
120 

105 

90 
120 
90 
90 
155 

190 
120 
120 
90 
80 

80 
120 
105 
90 
80 

90 
280 
190 
140 
105 

90 
120 
190 
190 
140 

170 
140 
120 
105 
80 

65 
65 
45 
45 
45 
45 

45 
45 
45 
45 
32 

32 
45 
32 
25 
25 

25 
25 
15 
25 
15 

8 
15 
15 
25 
15 

8 
8 

15 
8 

15 

25 
8 
8 
16 
15 
15 

15 
25 
45 
55 
430 

170 
90 
80 
90 

155 

230 
885 
350 
230 
170 

140 
120 
90 
80 
65 

105 
120 
155 
690 
375 

255 
230 
190 
980 
1,030 

550 
375 
300 
1,080 
840 

550 
430 
885 
760 
550 

430 
550 
430 
375 
325 

280 
255 
230 
230 
230 

230 
230 
190 
155 
155 

170 

170 

6,040 

4,440 

1,975 

690 

840 

690 

6,525 

1,975 

1,240 

1,360 
13,100 
3,070 
1,840 
1,240 

930 
725 
620 
550 
430 

400 
350 
325 
350 
325 

325 
325 
280 
280 
300 

300 
325 
325 
350 
300 

280 

2 

230 

3  

230 

4  

230 

5   

360 

6   

325 

7 

230 

8   

230 

9 

210 

10  

10,100 

3,900 
1,720 

11 

12 

13 

1,025 

14 

840 

15 

760 

16  

690 

17 

550 

18 

550 

19 

490 

20 

460 

21 

430 

22  

430 

23 

24  

2,520 
3,415 

25 

1,480 

1,080 
840 

28 

27  

28 

1,240 
1,240 

29   

30 

930 

31 

1,360 

a  Dlacharge  estimated  January  14  to  March  13,  and  May  1  to  6, 1907. 
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Daily  discharge,  in  Becond-feet^  of  Schoharie  Creek  at  PratUvilU,  K.  Y*.,  for  1907^— 

Continued. 


Day.  Jan. 


1908.  o 


3. 
4. 
5. 

6. 
7., 
8. 
9. 
10. 

1. 
2. 
3. 
4. 


20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30., 
31. 


540 
620 
5,10 
420 
410 

600 
580 
560 
540 
520 

500 
480 
460 
440 
420 

390 
390 
390 
385 
385 

380 
380 
370 
360 
350 

340 
330 
320 
310 
300 
300 


Feb. 

Mar. 

280 

470 

260 

710 

240 

725 

220 

500 

180 

410 

Apr. 


965 
870 
710 
540 
440 


144 

265 

530 

180 

795 

530 

200 

295 

705 

220 

210 

1.800 

250 

235 

1,070 

270 

300 

950 

290 

620 

795 

300 

930 

725 

313 

1,900 

580 

8,000 

1,710 

590 

3,380 

1,300 

690 

1,340 

670 

600 

780 

560 

530 

600 

795 

690 

454 

620 

655 

470 

500 

600 

410 

440 

500 

410 

540 

465 

420 

1,200 

560 

450 

885 

600 

460 

1,340 

670 

478 

2,040 

580 

600 

3,410 

1,220 

530 

3,210 

760 

1,930 

670 

1,240 

May. 


3,740 

1,625 

1,120 

870 

690 

560 

655 

2,590 

1,300 

990 

760 
625 
560 
620 
560 

475  I 
400 
365  I 
330  , 
330  I 

330 
3,090  j 
2,150 
1,050 

780 

600  ' 
520 
400  ; 
330 
330  I 
935  I 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

590 

45 

27 

16 

64 

26S 

ao 

410 

80 

27 

8 

60 

235 

m 

330 

124 

27 

16 

48 

216 

46 

265 

153 

35 

11 

43 

166 

66 

255 

356 

40 

13 

39 

138 

85 

215 

166 

40 

13 

39 

119 

66 

185 

71 

35 

17 

38 

165 

30O 

135 

71 

36 

.     11 

38 

99 

350 

140 

62 

31 

8 

29 

85 

2» 

155 

37 

35 

9 

19 

106 

260 

165 

52 

31 

11 

39 

99 

3S0 

125 

27 

35 

16 

39 

85 

434 

105 

31 

42 

8 

39 

72 

2« 

80 

27 

40 

8 

40 

60 

330 

90 

27 

40 

7 

39 

66 

205 

185 

24 

31 

7 

35 

72 

280 

155 

31 

40 

7 

29 

78 

205 

125 

24 

40 

7 

29 

72 

172 

90 

24 

36 

7 

39 

66 

172 

80 

24 

31 

7 

39 

66 

165 

65 

24 

31 

7 

31 

92 

166 

65 

28 

29 

7 

27 

72 

148 

70 

27 

31 

7 

19 

66 

171 

40 

24 

29 

7 

29 

66 

172 

40 

184 

26 

7 

29 

66 

206 

50 

220 

31 

8 

72 

60 

234 

45 

113 

33 

8 

765 

66 

150 

30 

89 

31 

15 

410 

60 

150 

35 

89 

31 

148 

784 

60 

145 

40 

60 

31 

100 

652 

66 

136 

37 

31 

410 



2a 

o  Discharge  estimated  January  7  to  February  13,  1908,  on  aca>unt  of  ice  conditions.    December  7  to 
31, 1908,  lower  gage  In  open  water  used. 

Monthly  discharge  of  Schoharie  Creek  at  PrattsvilU,  N.  Y.^for  1907-^, 
[Drainage  area,  240  square  miles.] 


Discharge  in  second-feet. 

Run-ofl 

(depth  to 
inches  on 

Month. 

1 

Per 
square 
mile. 

• 

Maximum. 

Minimum. 

Mean. 

drainage 

area). 

1907. 

January 

1,130  1              220 

486 

2.02 

2.328 

February 

270                 100 

160 

.67 

.694 

March 

3,900                   90 

648 

2.70 

3.11 

April 

2,5*20  ,               300 

605 

2.62 

2.800 

May 

1.030                  255 

510 

2.12 

X449 

June 

1,480                   90 

352 

r.47 

1.635 

July 

280                   45 

114 

.48 

.546 

August 

45                     8 

22 

.09 

.104 

September 

1,030                    15 

256 

1.06 

1.186 

Octol^er 

6,040  ,                155 

778 

3.24 

3.735 

November 

13,100  1               280 
10, 100                  210 

1,333 
1,238 

5.56 
6.16 

6.193 

December 

6.953 

13.100 

The  year 

8 

542 

2.26 

30.741 

1908. 

1 

January  ..          

620 

8,000 

3,410 

1,800 

3,740 

590 

355 

42 

300 
144 
210 
440 
330 
30 
24 
25 

429 
763 
992 
720 
967 
145 
76 
33 

1.79 

3.18 

4.13 

3.00 

3.99 

.60 

.31 

.14 

2.061 

February 

3.429 

March..  .               .          

4.765 

April 

3.345 

May 

4.602 

June 

.675 

July 

.365 

August 

.157 

September • 

148 

7 

17 

.07 

.061 

October 

784 

19 

129 

.54 

.620 

November 

2(>8 

60 

100 

.42 

.464 

December 

434  1                 46 

194 

.81 

.935 

The  year 

8,000  '                    7 

380 

1.58 

21.499 

* 
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KINDERHOOK  CREEK  AT  ROSSMAN,  N.  T. 

Banderhook  Creek  is  an  interstate  stream,  with  total  drainage 
area  of  337  square  miles,  having  its  source  in  Hancock  Moimtains 
in  western  Massachusetts  at  an  elevation  reaching  nearly  to  1,500 
feet  above  tide,  and  flowing  southwesterly  through  Columbia  and 
Rensselaer  coimties,  N.  Y.,  joining  Claverack  Creek,  about  2  miles 
from  the  Hudson  River,  to  form  Stockport  Creek,  through  which  it 
discharges  into  the  Hudson  4  miles  north  of  the  village  of  Hudson. 
Kinderhook  Creek  is  an  important  stream  for  power,  with  considerable 
amounts  unutiUzed,  and  affords  also  some  opportimities  for  storage. 

The  gaging  station,  which  was  established  March  17,  1906,  to 
obtain  general  statistical  data  regarding  the  total  flow  of  the  creek, 
is  located  at  the  highway  bridge  near  Rossman  post-office,  New 
York,  about  7  miles  northeast  of  Hudson. 

The  only  important  tributary  above  the  station — ^Valatie  Kill — 
enters  at  Valatie,  about  7  miles  distant. 

About  one -eighth  mile  above  the  station,  at  Chittenden  Falls, 
are  two  mills,  only  one  of  which  is  at  present  in  use.  The  river 
has  also  been  developed  at  two  points  above  Rossman — at  Stuyvesant 
Falls  and  Kinderhook,  distant  respectively  about  2  and  5  miles. 

During  the  winter  months  the  discharge  is  affected  sUghtly  for 
short  periods  by  the  presence  of  ice. 

The  datum  of  the  chain  gage  has  remained  imchanged  during  the 
maintenance  of  the  station.  Conditions  for  obtaining  accurate 
discharge  are  good,  and  a  very  good  rating  curve  has  been  developed. 

Information  in  regard  to  this  station  is  contained  in  the  reports 
of  the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Kinderhook  Creek  at  Rossman^  N.  Y.y  in  1906-1908, 


Date. 


1906. 
March  16a.... 

March  17 

August  2 

August  22  ft... 
October  28. . . 
November  2.. 


1907. 

March  16 

March  19 

June  22 

September  6.. 
December  23.. 


1908. 
February  27'.., 

Mays..... 

August3(< 

August  31 

Septan  ber  8'... 
September  20/. 
December  31 . . . 


Hydrographer. 


Covert  and  Weeks. 

do 

CO.  Covert 

do 

E.  F.  Weeks 

C.C.  Covert 


E.F.  Weeks 

do 

Wood  and  Hoyt. 

W.G.Hoyt 

D.M.Wood 


D.M.Wood.. 

do 

O.  M.Brett  . 
C.  R.  Adorns. 

....do 

D.M.Wood.. 
....do 


Width. 


Feet. 
137 
148 
133 
130 
147 
147 


154 
151 
138 
138 
148 


150 
147 
139 
142 
20 


110 


Area  of 
section. 


Sq.  ft. 
149 
206 
123 
195 
170 
187 


410 
362 
117 
195 
265 


343 

287 
169 

60 

16.1 


60.2 


Gage 
height. 


Feet. 
27.05 
27.36 
26.90 
26.67 
27.25 
27.29 


28.63 
28.37 
26.90 
27.32 

27.88 


28.28 
27.90 
26.78 
26.50 
28.37 
25.94 
26.54 


Dis- 
charge. 


Stc.-ft. 
262 
420 
188 
124 
319 
318 


1.370 

1,140 

190 

394 

736 


1,050 
746 
141 
72.5 
46.3 
4.5 
76.6 


•  Slight  ice  conditions. 

b  Measurement  made  by  wading  100  feet  below  the  bridge. 

eSome  floating  ice. 

(t Measurements  made  by  wading  150  feet  below  the  regular  sectloD. 

•Measurement  made  in  tail  race  by  wading. 

/Discharge  estimated. 
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/>ffi7y  gagf  height^  in  feel,  o/ Kinderkook  Creek  at  lUmman^  N.  Y.,for  1907-8, 
(Lertcr  Alhn.  obnrfcrj 


I>my. 


Jan.      Feb.  '  Mar.  .  Apr. 


May.    June. 


1 29.37  r.87 

2 29.50  27.87 

3 28.33  27.62 

4  27.97  27.53 

5 2&.a2  27.32 

6 28.82  27.15 

7 28.72  27.06 

8 28.73  27.25 

9 2K55  27.13 

10 28.03  27.13 

11 28.27  27.28 

12 28.08  27.3s 

13 27.92  27.48 

14 27.82  I  27.28 

15 27.62  27.23 


26.08  2».22  I  27.62 

26.  S3  27.93     27.62 

26.88  27.87  I  27.52 

3ft. •*  27.78  '  27.50 

27.08  27.67  .  27.68 


27.a5 
r.TO 
28.37 
28.72 
28.  IS 


16 27.53 

17 27.57 

18 27.52 

19 27.62 

20 27.42 

21 28.00 

22 27.83 

23 27.58 

24 27.72 

25 27.90 

26 27.88 

27 27.97 

28 28.02 

29 28.08 

30 27.92 

31 27.87 

1908.6 

1 28.48 

2 28.42 

3 28.32 

4 28.25 

5 27.95 

6 27.83 

7 27.78 

8 27.67 

9 27.57 

10 27.45 

11 27.48 

12 27.55 

13 29.30 

14 2S.87 

15 28.37 

16 28.25 

17 28.07 

18 27.92 

19 27.87 

20 27.72 

21 27.62 

22 27.50 

23 27.45 

24 27.33 

25 27.28 


27.12 
27.13 
27.12 
27.07 

26.98 

26.98 
2b.  88 
26.93 
27.28 
28.65 


27.62 
27.47 
27.45 
27.48 
27.48 


27.62  2&43 

27.62  28.45 

27.63  28.27 
27.72  28.10 
27.60  27.78 


July. 


Aug.  ;  Sept.     Oct.  '  Nor. 


96.58  26.27 

,  26.65  26.33 

<  26.57  26.30 

26.58  27.53 

26.58  27.73 


26. 
27. 

28.. 
29., 
30.. 
31.. 


27.15  28.55 

27.27  28-30 
27.30  28.23 

27.28  1  28.32 
27.17  .  28.07 

27.12  27.70 


27.63  27,52 

27.92  27.48 

28.13  27.43 

28-37  27.37  I 

28.50  27.33  , 


27.12 
26.97 

26.87 
26.83 


27.77 
28.10 
28.73 

28.25 


28.23 

28.20 
28,03 
27.95 
27.95 

27.87 
27.77 

27.58 
27.70 
28.15 


26.98  28.18 

27.12  28.13 

27.18  28.35 

, 1  28.97 

, 28.85 

i  28.45 


I 


27.50  I 
28- S5 
28.33 
28.13 
28.05 

27.83 
27.67  I 
27.53  , 
27.38 
27.32  , 


27.93 
27.78 
27.80 
27.75  I 
27.70 


27.18     27.63 

1  '  • 


28.13 
27.30  '  27.52  28.12 
27.08  I  27.40  i  28.03 
26.97  27.22  !  27.  t#3 
36.92     27.12     27.87 


26.93 
27.00 
27.07 
27.07 
36.95 

26.92 

26.90 
2b.  95 
27.10 
31.55 

31.83 
2S.33 
27.75 
27.52 
27.32 

27.13 
27.18 
27.13 

27.08 
27.17 


27.07 
27.18 
27.32 
27.33 
27.23 


27.77 
27.67 
27.83 

28.35 
28.28 


27. 42  28. 15 
27.93     28.05 

30.28  j  27.92 
29. 70  27. 82 
28.87     28.30 


28.87 
2^.17 
27.97 
27.90 
27.90 

27.92 
28.13 
29.27 
29.00 
28.70 

28.68 
28.70 
28.73 
28. 6S 
28.72 
27.08  , 28.67 


27.47     27.22 

27.47  ,  28.25 

27.48  2h.03 
27.32  27.77 
27.18 


28.13 

28.07 
27.98 
28.28 
28.25 

28.25 
28.12 
27.97 
27.83 
27.63  I 

27.67 
27.82 
27.93 
27.97  . 
27.97  , 


27.43  . 
27.60 
27.52  ' 
27.43  i 

27.32  I 

27.33  y 


28.72 
28.35 

28.06 
27.93 

27.  to 

27.82  ' 
27  82 

28.77 

28.82 
27.90  I 

28.72  ' 

28.33 

2^.07 

28.13 

28.27 

28.08 
28.00 
27.85 
27.68 
27.62 

27.60 
27.40 
27. 3H 
27.20 
27.07  , 


27.72 
27.62 
27.50 
27.45 
27.37 

27.17 
27.08 
26.97 

36.88 
36.83 

36.90 
36.90 
36.88 
3b.  85 
26.88 

36.90 
36.85 
36.87 
2h.87 
36.92 


27.75 
27.47 
27.08 
27.22 
27.02 

36.97 
27.02 
26.92 

36.83 
36.92 

36.83 

2b.  88 
36.83 
26.82 
36.92 


,  26.58 

'  26.58 

'  26.57 

'  26.60 

36.58  I  26.60 

36.68  I  36.58 
26.70  '  36.52 
27.38  !  36.47 
36.85  I  36.43 
26.85     26.42 


36.85 
36.87 
27.25 
27.17 
27.12 

27.23 
27.02 
26.92 
26.77 
26.75 

36.77 
26.73 

26.73 
26.72 
26.68 
26.60 


26.88 
26.75 
26.77 
26.70 
26.72 

26.62 
26.77 
26.68 
26.72 
26.68 

26.67 
26.67 
36.65 
26.63 
26.67 


28.03  26.65 
28.02  '  26.58 
27.88  26.53 
27.70  i  26.88 
27.32  I  26.62 


27.07 
26.95 
26.95 
26.95 
27.23 
27.38 


26.93  ' 
26.80 

26.85 
26.83 
26.92  I 

27.60 
27.32 
36.98 
26.98 
26.93 


26.87 
26.80 


27.60 
27.52 
27.30 
27.25 
26.95 


27.32 
26.97 
26.92 

36.88 
26.90 

27.40 
27.38 
27.42 
27.32 
27.07 


2&27  29.45 

27.57  20.22 

27.60  30.72 

27.10  28.73 

27.30  28.57 


36.33  26.95 

26.37  36.87 

26.38  26.88 
36.37  26.83 
26.32  26.77 


27.C3 
27.83 
27.80 
28.37 
27.92 

28.02 
I  28,60 
28.92 
27.97 
27.85 

27.73 
27.70 

27.58 
27.48 
27.38  . 


I 


26.35 

26.28 
26.27 
26.25 
26.27 

26.25 
26.27 
36.27 
36.25 
26.25 
36.27 


I 


26.72 
26.73 

36.82 
28.68 
27.83 


28.27 
31.47 
30.25 
29.75 
2».23 

28.48 
28.47 
28.30 
28.10 
28.05 

27.90 
27.87 
27.82 

27.82 
27.78 


Dec 


27.68  '  27.72 
27.53  27.68 
27.43  I  27.62 
27.33  I  27.52 
27.18     27.48 


27.47  26.98 
27.42  '  27.03 
27.33  i  29.17 
27.82  I  34.07 
27.65  .  32.00 
30.06 


26.42     36.30 

36.67  36.48  I  26.47 

26.73  36.55  '  36.38 

36.75  36.50  '  36.42 

26.73  i  26.48     26.33 


26.85  26.18 

26.72  ,  26.37 

26.75  I  26.33 

26.60  I  26.35 

26.72  I  26.42 


26.62 

36.66 
36.68 
36.68 
26.70 

36.57 
36.52 
36.53 
36.70 
36.82 

36.73 
26.68 
26.68 
26.65 
26.63 

26.07 
36.63 
36.68 
26.57 
26.48 
26.48 


36.50 
36.33 

36.38 
36.40 
36.47 

36.43 
36.40 
36.35 
36.33 
36.12 


26.32 
26.55 
26.43 
26.50 
26.42 

36.21 
26.41 
36.43 

36.45 
36.50 

36.37 
26.43 
36.33 
36.38 
26.43 


36.40  26.40 
36.40  36.46 
36.31  I  36.48 


36.32 


26.27 
26.90 
26.33 
26.52 
26.28 


26.42 
26.22 

26.48 
96.42 
26.50 
26.63 
36.62 
26.50 


27.48 
27.53 
27.52 
27.57 
27.60 


26.52 
25.56 
96.58 
26.43 
96.48 

26.60 
26.43 
26.50 
26w55 
26.48 

26.50 
26.52 
26.50 
26.48 
96.00 

26.53 
26.24 
26.53 
36.53 
96.50 

36.53 
26.54 
26.45 
26.52 
36.57 

96.58 
36.53 
96.53 
26.58 
26.45 


r.57 

27.48 
r.42 
27.37 
r.2S 

27.28 
27.28 
27.27 
27.18 


29.85 
28.93 
28.70 
28.48 

28.27 

28.17 
27.90 

27.88 
27.83 
27.80 

27.73 

27.72 
27. 8S 
28.68 
29.09 

28.30 
28.30 
28.33 
28.32 
28.33 
28.67 


26.53 
36.53 
36.4 
36.57 
26.43 

26. 5S 
26.53 
26.55 
26.79 
26.68 

26.70 
25.60 
26.53 
96. 58 
26.  SB 

36.62 
26.58 
26.65 
26.48 
26.47 

26.53 

36.60 
26.60 
36.58 
26.30 

36.63 
26.53 
36.43 
36.53 

36.50 
26.53 


aConrlitlons  of  flow  probablv  affwtwi  bv  Ice  January  17  to  18  and  Jamianr  22  to  ICardi  13,  1907. 
b  Discharge  probably  a£recte<i  somewhat  by  ice  conditions  from  about  February  1  to  14  and  Decembers  toH 
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Rating  table  for  Kinderhook  Creek  at  Rossman,  N,  Y.,/or  1906-1908. 


Oage 
height. 

Dis- 
charge. 

height. 

Di». 
charge. 

hS^. 

Dis- 
charge. 

hS^t. 

Dfs- 
charge. 

Feet. 
2S.W 

SeC'ft., 
3 

Feei. 
28.00 

B..^ 

F^. 
30.10 

Feet. 
32.20 

See:-/t. 
6,650 

26.00 

7 

28.10 

906 

30.20 

3,010 

32.30 

6,686 

36.10 

13 

28.20 

968 

30.30 

3,125 

32.40 

6,820 

26.20 

22 

28.30 

1,074    1 

30.40 

3,246 

32.50 

6,965 

26.30 

84 

28.40 

1,162 

30.50 

3,366 

32.60 

6,090 

26.40 

50 

28.50 

1,262 

30.60 

3,486 

32.70 

6,226 

26.  SO 

70 

28.60 

1,343 

30.70 

3,610 

32.80 

6,360 

26.60 

94 

28.70 

1,436 

30.80 

3,736 

32.90 

6,500 

26.70 

122 

28.80 

1,630 

30.90 

3,860 

33.00 

6,640 

26.80 

153 

28.90 

1,626 

31.00 

8,986 

33.10 

6,780 

26.90 

187 

29.00 

1,723 

31.10 

4,110 

33.20 

6,920 

27.00 

226 

29.10 

1,822 

31.20 

4,236 

33.30 

7,060 

27.10 

266 

29.20 

i;923 

31.30 

4,360 

33.40 

7,200 

27.20 

310 

20.30 

2,025 

31.40 

4,490 

33.50 

7,340 

27.30 

350 

20.40 

2,130 

31.60 

4,620 

33.60 

7,480 

27.40 

412 

29.50 

2,236 

31.60 

4,760 

33.70 

7,620 

27.50 

470 

20.60 

2,340 

31.70 

4,880 

33.80 

7,760 

27.60 

534 

29.70 

2,450 

31.80 

6,010 

33.90 

7.900 

27.70 

602 

20.80 

2,560 

31.90 

6,146 

34.00 

8,040 

27.80 

673 

29.90 

2,670 

32.00 

6,280 

34.20 

8,186 

27.90 

748 

1  30.00 

2,780 

32.10 

6,416 

Note.— The  above  table  is  not  applicable  for  ice  or  obstnicted-chaimel  oonditlons.  It  Is  based  on  18  dis* 
enlarge  measurements  made  during  1906. 1907,  and  1908,  and  Is  well  defined  between  gage  heights  26.0  feet 
and  29  feet.  Above  rating  differs  slightly  from  that  published  in  report  of  state  engineer  and  surveyor. 
State  of  New  York.    A  revision  was  made  on  the  basis  of  new  data  more  recently  available. 

Monthly  discharge  of  Kinderhook  Creek  at  Rossman,  N.  Y.,for  1906-1908. 
[Drainage  area,  331  square  miles.] 


Month. 


March  16  to  31. 
AorU 

Y^y 

June 

July 

August 

September 

October 

November 

December 


1906.0 


January.... 
FebriMury-- 

March 

April 

^y 

June 

July 

August 

September. 

October 

November. 
December.. 


1907.6 


Thejrear.. 


Discharge  in  second-feet. 


Maximum. 


2,790 

3,620 

1,570 

1,070 

668 

375 

163 

874 

1,160 

1,690 


2,240 


1,250 
1,680 
1,460 


108 
1,420 
8,140 
4,680 
2,620 


8,140 


Minimum. 


229 
483 
163 
116 
70 
72 
.  58 
72 
147 
198 


441 

370 

163 

04 

28 

30 

217 

468 

301 


28 


Mean. 


761 
1,250 
634 
392 
222 
171 
102 
244 
433 
406 


800 

176 

694 

732 

670 

499 

226 
68.1 

366 
1,140 
1,260 

932 


Per 
square 
mile. 


2.30 
3.78 
1.61 
1.18 
.671 
.617 
.306 
.737 
1.31 
1.23 


2.42 
.529 
2.10 
2.21 
1.72 
1.61 
.683 
.176 
1.10 
3.44 
8.81 
2.82 


621 


1.88 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


1.87 
4.22 
1.86 
1.32 
.77 
.60 
.34 
.86 
1.46 
1.42 


2.79 

.65 

2.42 

2.47 

1.08 

1.68 

.79 

.20 

1.23 

8.97 

4.26 

3.26 


26.68 


Accu- 
racy. 


a  Discharge  probably  not  affected  by  ice  conditions  March  and  December,  1906. 
b  Discharge  during  the  frozen  periods,  1907,  estimated  on  the  basis  of  precipitation  and  temperature  at 
Chatham,  N.Y.: 

Sec.-ft. 

Discharge,  January  17  to  18, 1907 400 

January  22  to  31,  1907 260 

March  1  to  13,  1907 175 

IMscfaarge,  July  1  to  9,  estimated  322  socond-feet  on  the  basis  9f  tSbiB  dIjKharge  of  Hooslc  River  at  Buskirk, 
N.Y. 

16254— IHR  241—10 15 
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Monthly  discharge  of  Kinderhooh  Creek  at  RoMsman,  N,  Y.,/or  2 906-1 908— Contmued, 


Month. 


Janoary.... 
February.. 
March..... 

April 

May 

June 

July 

August 

September. 
October.... 
November. 
December.. 


190S.a 


The  year. 


Dlaoharge  in  aeoond-feet. 


Mf^xlmum- 


2,020 
5,060 
3,100 
1.120 
1,550 
850 


82 

102 
04 
100 


5,060 


257 
187 
253 
554 

206 
160 
77 
66 
15 
23 
27 


15 


Mean. 


723 

684 
1,040 

837 

736 

319 

212 

115 
47.1 
56.7 
73.6 
61.1 


409 


Per 
square 
mile. 


2.18 

2.07 

3.14 

2.53 

2.22 

.964 

.640 

.347 

.142 

.171 

.222 

.185 


1.23 


Run-off 
(depth  tn 
incnason 
drainage 

area.) 


2.51 

2.23 

3.62 

2.82 

2.56 

1.06 

.74 

.40 

.16 

.20 

.25 

.21 


Accu- 
racy. 


A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
B. 


16.78 


a  It  is  probable  that  the  effect  of  ice  conditions  during  February  was  not  great;  the  vahies  given  above 
are  on  the  basis  of  the  open-channel  rating.  The  discharge  December  9  to  24  was  estimated  to  be  50  second- 
feet  on  the  basis  of  precipitation  and  temperature  records  at  Chatham. 

Discharge,  July  23  to  26,  estimated  475  second-feet,  and  August  1  estimated  170  second-feet  on  the  basb  of 
Hoosic  River  at  BusUrk,  N.  Y. 

Note.— Monthly  discharge  for  1906  and  1907  has  been  revised  and  differs  slightly  from  that  published  in 
report  of  state  engineer  and  surveyor.  State  of  New  York. 

CATSKILL  CR££K  AT  SOUTH  CAIRO,  N.  Y. 

The  area  drained  by  Catskill  Creek  lies  on  the  north  slope  of  the 
CatskiUs,  mostly  in  the  highlands  of  Greene  County.  The  slopes  are 
precipitous,  and  the  basin  contains  no  lakes  or  artificial  storage  of 
consequence.  The  stream  flows  for  the  most  part  over  a  rock  bed 
and  enters  the  Hudson  River  at  Catskill.  Its  total  drainage  area  is 
about  420  square  miles.  The  waters  of  this  creek  will  eventually 
form  a  part  of  the  water  supply  for  New  York  City.  (See  Esopus 
Creek.) 

The  gaging  station  was  established  July  4,  1901,  at  the  highway 
bridge  in  the  village  of  South  Cairo.  It  was  discontinued  by  the 
United  States  Geological  Survey  July  1,  1907.  Data  regarding  dis- 
charge have  also  been  obtained  by  the  New  York  board  of  water 
supply,  but  are  withheld  for  the  present. 

Measuring  conditions  at  this  station  are  poor,  as  the  channel  is 
shifting  and  the  current  sluggish  at  low  stages. 

Information  in  regard  to  this  station  is  contained  in  the  reports  of 
the  New  York  state  engineer  and  surveyor. 
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DaUy  gage  height,  in  feet,  of  CaUhill  Creek  at  South  CairOy  N,  Y,,for  1907, 
[Eugene  Stewart,  observer.] 


Day. 

Jan. 

Feb. 

Mar: 

Apr. 

May. 

June. 

Day. 

Jan. 

Feb. 

2.70 
2.80 
2.90 
2.80 
2.92 

2.80 
2.70 
2.86 
2.70 
2.70 

2.70 
2.46 
2.60 

Mar. 

Apr. 

May. 

June. 

1       

5.00 
3.80 
3.40 
4.28 
3.65 

3.30 
3.40 
4.60 
4.25 
3.25 

3.60 
3.22 
3.10 
3.00 
3.40 

3.00 
2.90 
2.80 
2.80 
2.90 

2.70 
2.80 
3.06 
2.70 
2.40 

2.90 
3.00 
2.78 
2.90 
2.50 

2.60 
2.50 
2.60 
2.60 
2.60 

2.47 
2.60 
2.60 
2.50 
2.60 

2.55 
2.50 
2.50 
2.60 
5.00 

4.08 
3.66 
3.60 
3.38 
3.40 

3.20 
3.00 
3.15 
3.20 
3.25 

3.25 
3.92 
4.20 
4.68 
4.45 

3.85 
3.65 
3.60 
3.70 
3.65 

3.60 
3.60 
4.00 
3.70 
3.60 

3.40 
3.32 
3.20 
3.10 
3.00 

2.90 
3.16 
3.85 
3.60 
3.80 

3.45 
3.28 
3.00 
3.00 
2.86 

2.75 
2.60 
2.00 
2.66 
2.60 

'l6 

3.39 
3.38 
3.40 
3.52 
6.80 

4.70 
3.10 
3.35 
3.40 
3.2 

3.10 
3.00 
3.15 
3.10 
3.06 
3.00 

4.80 
4.40 
4.63 
3.95 
3.70 

3.15 
3.50 
4.72 
4.80 
4.28 

4.30 
4.40 
4.85 
5.10 
5.08 
4.30 

4.15 
4.24 
3.96 
3.80 
3.75 

3.50 
3.48 
3.90 
5.00 
4.75 

4.20 
4.30 
3.C8 
3.85 
3.70 

2.90 
2.95 
3.15 
3.15 
3.02 

2.95 
2.75 
2.C5 
2.65 
2.50 

2.78 
3.12 
3.15 
3.28 
3.15 
2.95 

2.50 

2 

3         

17 

18 

2.38 
2.26 

4 

19 

2.10 

5 

6 

20 

21 

2.10 
2.40 

7 

22 

2.25 

8 

23 

2.10 

9      

24 

2.02 

10 

26 

2.00 

11 

26 :.. 

2.10 

12 

13 

27 

28 

2.40 
2.40 

14      

29 

2.40 

15 

30 

31 

2.40 

Note.— Ice  conditions  prevailed  from  about  January  17  to  March  14.    During  the  frozen  period  gage 
bei^ts  were  taken  to  water  surtece  in  a  hole  in  the  ice. 

ESOPUS  CREEK  BASm. 
DE8CBIPTION. 

Esopus  Creek  has  its  source  in  northwestern  Ulster  County  and 
enters  Hudson  River  near  Saugerties.  The  com-se  of  the  upper  por- 
tion of  the  stream  is  southeastward,  but  at  Binnewater  it  turns 
abruptly  to  the  northeast  and  for  a  distance  of  about  20  miles  the 
course  of  the  creek  lies  parallel  to  that  of  Hudson  River,  though  the 
two  streams  flow  in  opposite  directions.  At  Kingston  the  creek  is 
2.5  miles  from  the  Hudson  and  at  an  elevation  of  140  feet  above  tide. 

The  stream  is  characterized  by  a  number  of  precipitous  falls,  which 
occur  chiefly  at  points  where  it  passes  from  one  geologic  formation 
to  another.  At  Olivebridge  it  falls  28  feet,  at  Glen  Erie  56  feet,  and 
at  Saugerties  it  makes  its  descent  to  the  tide-water  level  of  the  Hud- 
son in  an  abrupt  fall  of  about  40  feet. 

Esopus  Creek  is  to  be  used  as  a  source  of  water  supply  by  New 
York  City  by  placing  a  masonry  dam  210  feet  in  maximum  height 
near  Browns  Station,  where  the  drainage  area  is  255  square  miles. 
The  Ashokan  reservoir,  so  formed,  will  have  a  storage  capacity  of 
about  17  billion  cubic  feet  and  a  present  quantity  of  about  250  million 
gallons  of  water  per  day  will  be  carried  through  the  Catskill  aqueduct 
to  New  York  City,  about  100  miles  distant.  Eventually  portions  of 
Rondout,  Catskill,  and  Schoharie  creeks  are  to  be  included  in  the 
supply,  raising  this  to  500  million  gallons  daily. 

ESOPUS  CREEK  NEAR  OLIVEBRIDGE,  N.  Y.** 

The  weir  is  constructed  of  concrete,  having  a  cross  section  similar 
to  that  of  the  experimental  weir  used  in  the  hydraulic  laboratory  at 
Cornell  University  by  the  United  States  Geological  Survey,  in  series 
30,  as  described  in  Water-Supply  Papers  Nos.  150  and  200. 

a  This  description  and  the  tables  of  discharge  1Q0&-1908  were  furnished  by  the  Iraard  of  water  supply  of 
the  city  of  New  York. 
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The  average  height  of  this  weir  above  the  rock  on  which  it  is 
founded  for  its  entire  length  is  7.54  feet;  length  between  abutments, 
193.90  feet.  In  order  to  form  a  channel  of  approach  the  abutments 
have  been  extended  upstream  at  right  angles  with  the  axis  of  the 
weir  for  a  distance  of  16  feet,  and  the  area  of  the  channel  of  approach 
below  the  crest  of  the  weir  is  1,462  square  feet.  The  abutments 
extend  14  feet  above  the  level  of  the  crest,  and  it  is  estimated  that  a 
flow  of  40,000  cubic  feet  per  second  can  be  taken  care  of. 

Measurements  of  the  head  on  the  weir  are  made  in  a  weU  24  inches 
in  diameter,  situated  53  feet  upstream  from  the  crest  of  the  weir. 
Water  is  admitted  to  this  well  through  a  J-inch  pipe  extending  16 
feet  out  into  the  stream  in  which,  spaced  6  inches  apart,  are  J-inch 
holes  bored  verticaUy  through  the  pipe.  The  center  of  this  pipe  is 
placed  18  inches  above  the  bed  of  the  stream.  A  continuous  record 
of  the  head  at  this  point  is  kept  by  means  of  a  Friez  automatic  water- 
stage  register,  geared  1  to  1  and  running  twenty-four  hours.  Obser- 
vations of  the  flow  were  first  begtm  on  October  17,  1906,  though  the 
automatic  gage  register  was  not  installed  until  December  5.  Prior  to 
this  latter  date  heads  were  read  three  times  daily  and  reduced  in 
the  usual  manner. 

Computations  of  the  discharge  over  this  weir  are  made  from  a 
formula  which  has  been  deduced  from  the  results  of  the  experiments 
made  by  the  United  States  Geological  Siurey  and  referred  to  above. 
During  the  winter  the  ice  which  forms  between  the  wing  walls  which 
form  the  channel  of  approach  is  kept  cut  away,  so  that  there  may 
be  no  change  in  the  conditions  of  flow  due  to  this  cause. 

The  watershed  of  Esopus  Creek  above  the  weir  is  239  square  miles, 
as  measured  on  the  topographic  maps  of  the  United  States  Geolog- 
ical Survey. 

Daily  discharge,  in  second-feet ^  of  Esopus  Creek  near  Olivebridge,  N.   F.,  for  1906-1908. 


Day. 

Oct. 

Nov. 

178 
153 
138 
122 
108 

92 
81 
70 
53 
40 

Dec. 

Day.    1    Oct. 

Nov. 

Dea 

Day. 

Oct. 

Nov. 

!>«. 

1906. 

271 
253 
246 
302 
271 

428 
510 
204 
285 
332 

1906. 
11.. 

46 
68 
122 
116 
283 

611 
1,109 
1,355 

1.170 

361 
301 
293 
2S2 
344 

400 
337 
307 
220 
258 

1     1906. 

21 

22 

23 

24 

28 

26 

27 

28 

29 

30 

31 

100 
94 
84 
59 
1,426 

624 
489 
398 
292 
243 
212 

907 
929 

824 
722 
635 

532 
442 

380 
826 
280 

474 

12 

443 

13.. 

337 

14 

184 

15 

218 

6            ' 

16 

2S3 

17 

270 

8 

18 

2M 

9 ! 

19 

20 

a25 

aao 

10. 

663           886 

280 

1,934 

a  Weir  measurements  begun  October  19, 1908. 
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Daily  dHachearge^  in  second-ftetj  of  Esopus  Cruh  near  Olivebridge,  N,  F.,  for  1906-^ — 

Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

169 
144 
122 
105 
105 

116 
122 
105 
94 
78 

84 
139 
127 
100 

89 

72 
105 
116 
84 
72 

84 
72 
72 
62 
62 

62 
53 
48 
48 
44 
36 

73 

74 

151 

255 

290 

219 

158 
140 
114 
97 

101 
90 
76 
70 
68 

64 
59 
60 
60 
50 

55 
68 
58 
57 
500 

400 
211 
152 
125 
114 
107 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907. 
1 

2,214 
1,296 
988 
1,120 
1,020 

876 
819 
944 
984 
848 

764 
760 
704 
605 
502 

485 

846 

435 

511 

1,283 

848 
507 
494 
877 
459 

610 
612 
498 
407 
359 
289 

1,160 

1,010 

868 

745 

664 

518 
646 
1,039 
609 
455 

360 
1,072 
1,367 
1,032 

836 

743 
600 
610 
542 
437 

483 
512 
475 
400 
264 

382 
700 
333 
375 
348 
333 

832 
337 
370 
274 
301 

294 
218 
201 
178 
189 

180 
160 
158 
178 
192 

172 
166 
151 
163 
169 

160 
170 
188 
166 
174 

166 
135 
126 

186 
206 
218 
231 
231 

231 
231 
225 
218 
212 

206 
199 
199 
199 
67,882 

4,710 

2,066 

1,165 

921 

830 

525 
375 

308 
228 
127 

228 
382 
340 
222 

113 
116 
133 
137 
110 

110 
105 
110 
105 
106 

113 
115 
114 
594 
847 

637 
746 
798 

n4 

685 

567 

670 

1,569 

1,789 

1,381 

1,107 
1,000 
1,178 
1,468 
1,313 
1,078 

222 
228 
286 
242 
144 

182 
215 
215 
175 
160 

175 

286 

502 

1,260 

1,590 

1.865 
1,149 
930 
1,343 
1,040 

841 

823 

887 

1.480 

1,392 

1.333 
2,508 
4,068 
4,651 
3.019 
2,048 

896 
752 
650 
577 
536 

463 
401 
429 
405 
402 

415 
492 
512 
510 

488 

435 
433 
386 
363 
355 

334 
320 
333 

n5 

930 

900 
830 
722 
653 
606 

1,520 

1,295 

1,076 

885 

762 

784 

745 

1,112 

2,034 

1,534 

1,312 

1,136 

997 

867 

829 

892 
810 
753 
763 
737 

690 
612 
666 
626 
678 

780 

725 

1.330 

1,007 

978 

575 
580 
492 
902 
872 

769 
788 
790 
739 
683 

607 
572 
535 
479 
437 

728 
897 
740 
718 
650 

567 
520 
512 
420 
392 

448^ 
467 
467 
392 
375 
410 

4,625 
2,465 
1,858 
1,432 
1,167 

986 
1,396 
2,910 
1,965 
1,528 

1,227 

1,066 

950 

807 

759 

702 
662 
595 
^2 

m 

308 
5,733 
4,038 
2.430 
1,724 

1,291 

1,126 

924 

773 

784 

1,621 

375 
680 
874 
785 
808 

988 
830 
725 
620 
560 

493 
448 
375 
358 
312 

286 
264 
242 
242 
301 

242 
228 
194 
188 
169 

150 
162 
160 
139 
188 

500 
486 
474 
430 
396 

370 
361 
346 
331 
314 

283 
238 
195 
170 
196 

254 

216 

209 

202 

ol68 

148 
a  124 
a  115 
a  123 
a  124 

ol04 
a73 
75 
o78 
a77 

44 
44 

36 
36 
36 

36 
36 
33 
29 
29 

29 
29 
26 
26 
23 

23 
23 
33 
33 
27 

21 
25 
27 
35 
35 

32 
31 
32 
28 
23 
20 

100 
90 

o80 
70 
70 

a70 
67 

a73 
72 
62 

62 
069 

64 
a62 

52 

52 
52 
57 
46 
40 

40 
48 
48 
36 
29 

42 
53 
44 
40 
33 
«33 

21 
20 
118 
322 
765 

277 
169 
126 
115 
248 

944 
1,275 
625 
428 
325 

277 
231 
190 
190 
164 

170 
170 
370 
687 
412 

328 

290 

286 

1,778 

1,358 

33 
o29 
a26 
-26 

26 

26 

26 

26 

a26 

a26 

a26 

26 

26 

o26 

a26 

18 
a  18 
a20 
a20 

20 

a20 
a  19 
020 
a20 
20 

o23 

23 

28 

a282 

ol35 

872 
665 
655 

875 
776 

638 
647 
927 
840 
708 

635 
628 
533 
467 
412 

376 
348 
313 
290 
296 

321 
286 
264 
244 
228 

212 
217 
4,971 
3,976 
2,289 
1,589 

78 
62 
67 
62 
62 

a57 

a44 

44 

40 

40 

48 
53 
53 
40 
36 

040 
36 
36 
36 
36 

29 
32 
a32 
36 
50 

0358 
1,061 
661 
958 
706 
567 

1,172 
1,786 
6,280 
2,612 
i;763 

2,860 
8,588 
3,688 
2,257 
1,661 

1,273 

1,020 

850 

726 

616 

545 
482 
444 

424 
379 

396 
435 
358 
336 
441 

398 
358 
332 
362 
336 

460 
390 
338 
312 
264 

242 
228 
222 
212 
198 

185 
178 
166 
170 
183 

164 
161 
153 
150 
146 

134 
118 
118 
120 
116 

119 
119 
122 
122 
116 

318 

2 

809 

3 

290 

4 

271 

5 

'  206 

6 

261 

7 

240 

8 

229 

9 

240 

10 

4,594 

11 

3,781 

12 

2,037 

13 

i;363 

14 

1,102 
981 

15 

16 

809 

17 

697 

18 

612 

19 

550 

ao 

486 

21 

464 

22 

380 

23 

1,748 

24 

3,017 

25 

1,791 

26 

27 

1,832 
1,084 

28 

1,272 

29 

1,313 

30 

1,419 

31 

1,469 

1908. 
1 

105 

2 

105 

3 

74 

4 

87 

5 

118 

6 

74 

7 

233 

8 

389 

9 

263 

10 

202 

11 

178 

12 

264 

13 

206 

14     

204 

15 

220 

16            

260 

17 

225 

18          

280 

19 

307 

20     

216 

21 

189 

22             

180 

2a 

177 

24               

179 

25 

286 

26          

250 

27 

216 

28 

209 

39 

179 

90 

159 

11 

245 

a  Meter  measurements  at  Olfvebrfdge. 

b  Maximmn  flow  over  weir  was  15,800  second-feet  at  5.30  p.  m. 

Note.— Discharge  during  portions  of  1907-8  were  obtained  by  comparisons  with  Ollvebrldge  and 
Bishops  Falls  gages,  rating  curves  and  meter  measurements.  Discharges  for  a  period  of  Ice  conditions, 
Febnnry  1  to  4, 1908,  obtained  by  proportion  from  the  Kingston  records. 
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SUBPACE  WATER  SUPPLY,  1907-8. 


Monthly  discharge  of  Esopus  Creek  near  Olivehridgey  N.  Y.jfor  1906-1908. 
[Drainage  area,  239  square  miles.] 


Discharge  In  second-feet. 


Month. 


1906. 

October  19  to  31 

Novembw 

December 

1907. 

January 

Februcury 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1908. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. 


Minimum. 


1426 
1355 
1934 


2,214 

337  I 

1,789  I 

930 

902 

988 

169 

44 

1,778 

4,971 

8,588 

4,594 


8,588 


1,367 

7,882 

4,651 

2,034 

5,733 

590 

590 

100 

282 

1,061 

460 


25 
40 

184 


289 
126 
105 
320 
375 
139 
36 
20 
20 
212 
332 
206 


20 


264 
127 
144 
565 
398 
73 
55 
29 
18 
32 
116 
74 


18 


Mean. 


363 
426 
359 


743  I 
202 
633  ; 
543  I 
594  I 
416 
90 
30  ' 
423 
S47  I 
1,439 
1,116  I 


Per 
square 
mile. 


1.52 
1.78 
1.50 


3.11 

.85 
2.65 
2.27 
2.48 
1.74 
.38 
.13 
1.77 
3.54 
6.02 
4.67 


590  I 


2.47 


G42 
803 

1,140 
961 

1,567 
242 
136 
56 
36 
176 
191 
203 


2.68 

3.36 

4.77 

4.02 

6.56 

1.01 

.57 

.23 

.15 

.74 

.80 

.85  I 


Run-olT 
(depth  in 
inches  on 
drainage 

area). 


0.73 
1.99 
1.73 


3.586 

.883 
3.0S2 
2.537 
2.864 
1.939 
.433 
.146 
1.974 
4.  CM 
a  717 
5.385 


33.600 


3.101 
3.625 
5.501 
4.486 
7.560 
1.138 
.657 
.271 
.169 
.852 
.892 


2,21 


29.: 


Note.— The  al>ove  viUues  for  1906  are  revisions  of  and  supersede  those  published  In  Water  Supply 
Paper  202. 

ESOPUS  GREEK  AT  KINGSTON,  N.  Y. 

The  Kingston  gaging  station  was  established  July  5,  1901,  by  the 
United  States  Geological  Survey,  and  was  assumed  on  April  28,  1907, 
by  the  board  of  water  supply  of  the  city  of  New  York,  by  whom  this 
description  and  the  following  tables  of  discharge  were  supplied  for 
complete  years  1907  and  1908.  A  continuous  record  of  gage  heights 
has  been  kept  by  John  Douglas,  of  Kingston,  who  reads  the  gage 
each  night  and  morning. 

The  station  is  located  on  the  upstream  side  of  the  steel  highway 
bridge  on  Washington  avenue,  Kingston,  N.  Y.  There  is  a  clear  span 
of  115  feet  between  the  abutments,  which  are  nearly  vertical.  In 
addition  to  the  main  channel  there  is  an  overflow  channel  19  feet 
wide  on  the  left  bank,  through  which  water  flows  at  a  gage  height  of 
about  12  feet.  The  station  is  valueless  at  the  highest  stages  of  the 
stream. 

The  station  was  originally  equipped  by  the  United  States  Geo- 
logical Survey  \v\i\\  the  standard  chain  gage,  located  on  the  upstream 
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side  of  the  bridge  near  the  right  abutment.  This  gage  was  dilapi- 
dated and  so  was  replaced  on  June  19,  1908,  by  a  board  of  water 
supply  standard  chain  gage.  The  length  of  the  chain  is  31.04  feet 
from  end  of  weight  to  marker. 

Measurements  are  made  from  the  bridge  at  high  water  and  by 
wading  or  boat  at  lower  stages.  A  sharp  bend  in  the  creek  about 
500  feet  above  the  bridge  causes  considerable  eddying  and  the  cur- 
rent is  uneven  and  irregular;  at  low  water  the  velocities  are  more 
regular. 

The  bench  mark  is  located  on  the  coping  stone  at  the  upstream 
comer  of  the  right  abutment  and  has  an  elevation  of  31.84  feet  above 
the  zero  of  the  datum  of  the  gage. 

Information  in  regard  to  this  station  is  contained  in  the  report  of 
the  state  engineer  and  surveyor,  State  of  New  York.  The  monthly 
discharge  for  1907  as  published  in  this  report  is  superseded  by  the 
values  computed  by  the  New  York  board  of  water  supply,  as  given 
below,  on  the  basis  of  additional  data  obtained  since  April  28,  1907. 

Discharge  measurements  of  Esojms  Creek  at  Kingston,  N.  F.,  in  1907. 


Date. 

Hydrograpber. 

width. 

Area  of 
section. 

Qage 
heiSit 
to  top 
of  Ice. 

hei^t 
to  water 
surface. 

Dls- 
charge. 

1007. 
February  18. . . . 
February  19 

Covert  and  Wood 

Feet. 
95 
93 

282 
258 

Feet. 
6.68 
5.61 

FeH. 
5.68 
5.45 

'"Hi, 

do 

179 

NoTK.— Measurements  made  under  Ice  cover.    Thickness  of  Ice,  0.65  foot  in  each  case. 

The  above  two  measurements  were  made  by  engineers  of  the  United  States  Geological  Survey. 

Daily  gage  height,  in  feet,  of  Esojms  Creek  at  Kingston,  N.  Y.,for  1907. 

[John  Douglas,  observer.] 


Day. 

Jan. 
11.45 

Feb. 

Mar. 

Apr. 
7.35 

May. 

Day. 

Jan. 
6.4 

Feb. 

Mar. 

Apr.      May. 

I 

7.56 

5.2 

6.35 

16 

6.05 

8.76 

6.2 

2 

9.15 

7.ri5 

6.2 

7.0 

6.2 

17 

7.15 

6.8 

8.45 

6.15 

3 

8.25 

8.05 

6.25 

6.7 

6.0 

18 

7.15 

6.6 

9.1 

6.0 

4 

8.35 

7.15 

5.4 

6.45 

6.8 

19 

7.26 

6.6 

8.15 

6.75 

5 

8.1 

6.7 

5.3 

6.4 

20 

8.46 

5.5 

7.9 

6.8 

0 

7.75 

6.2 

5.2 

6.3 

21 

11.3 

6.45 

7.6 

6.66 

7 

7.36 

6.15 

5.15 

5.95 

22 

10.1 

6.25 

8.1 

5.6 

8 

7.75 

6.26 

6.1 

6.0 

i  23 

9.65 

5.1 

8.8 

6.6 

9 

7.95 

6.2 

6.15 

6.05 

I24 

8.9 

5.1 

9.6 

6.6 

10 

7.4 

6.2 

5.1 

6.06 

26 

9.0 

6.1 

8.86 

7.46 

11 

7.25 

6.16 

5.0 

5.95 

26 

8.95 

6.4 

8.2 

7.2 

12 

7.0 

5.96 

4.95 

6.6 

27 

8.6 

6.6 

7.8 

7.1 

13 

6.9 

6.7 

6.1 

6.6 

28 

8.45 

5.4 

7.86 

6.76 

14 

6.6 

5.66 

5.8 

6.5 

29 

8.3 

9.0 

6.65 

15 

6.85 

6.10 

9.2 

6.4 

30 

31 

S.05 
7.66 

8.76 
7.9 

6.4 

NoTK. — Ice  conditions  prevailed  from  about  January  17  to  about  March  16. 
gage  heights  were  taken  to  water  surface  in  a  hole  in  the  ice. 


During  the  frosen  period 
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Daily  ducharge^  in  second-feft^  o/Etopus  Creek  at  K^ngston^  N.  Y.,for  J907S. 


Day. 


Jul. 


1907.a         I 

1 '  3,850 

2 2,280 

8 1,715 

4 1,780 

5 1,640 


6 

1,425 

7 

1,200 

8 

1,425 

9 

1,650 

10 

1,230 

11 

1,160 

12 

1,025 

18  

980 

14 

850 

16 

955 

1(J 

750 

17 

470 

18 

590 

Itt 

090 

20 

1,740 

21 

1,150 

22 

810 

23 

670 

34  

510 

26 

620 

26 

830 

27 

690 

28 

680 

20 

560 

30 

490 

31 

390 

1908.6 
1 

1,560 

2 

1,390 

3 

1,130 

4 

1,025 

5 

980 

6  

1,125 

7 

960 

8  

1,210 

9 

1,080 

10 

830 

11 

605 

12 

940 

13 

1,280 

14 

1,650 

15 

1,405 

16 

1,200 

17 

903 

18 

850 

19    

750 

20 

600 

21 

645 

22 

650 

23    

665 

24 

510 

25 

390 

26 

480 

27 

575 

28 

470 

29 

535 

30 

275 

31 

250 

Feb. 

Mar. 

Apr. 

May. 

460 

150 

1,200 

786 

460 

160 

1,150 

670 

500 

180 

895 

605 

370 

190 

776 

940 

410 

150 

740 

1,190 

400 

160 

700 

1,020 

300 

140 

580 

1,070 

270 

160 

670 

1,120 

240 

140 

690 

940 

260 

140 

690 

805 

240 

150 

580 

840 

220 

160 

795 

730 

210 

160 

805 

675 

240 

800 

796 

645 

260 

1,150 

750 

600 

230 

860 

670 

965 

220 

1,010 

670 

1,425 

200 

1,060 

670 

1,160 

220 

970 

610 

1,065 

230 

030 

525 

930 

220 

770 

480 

795 

230 

910 

465 

740 

250 

2,070 

460 

690 

220 

2,580 

795 

640 

240 

2,080 

1,275 

560 

220 

1,680 

1,125 

635 

180 

1,465 

1,200 

690 

170 

1,485 

915 

660 

2,190 

860 

560 

2,020 

760 

620 

1,520 

455 

250 

800 

1,900 

6,470 

280 

310 

1,625 

3,360 

295 

390 

1,350 

2,125 

315 

330 

1,125 

1,600 

315 

195 

900 

1,270 

310 

245 

975 

1,060 

310 

290 

890 

1,100 

305 

290 

980 

6.020 

295 

235 

2,350 

2,830 

285 

385 

1,920 

1,970 

275 

500 

1,600 

1,500 

270 

647 

1,390 

1,210 

270 

1,050 

1,200 

1,020 

270 

1,945 

1,010 

980 

10,660 

1,870 

910 

930 

6,370 

2,850 

1,050 

800 

2,800 

1,830 

92.5 

700 

1.575 

1,390 

830 

630 

1,240 

1,890 

830 

600 

1,100 

1,775 

820 

670 

715 

1,230 

830 

610 

6a5 

1,150 

775 

3,730 

420 

1,180 

700 

6,575 

305 

1,575 

670 

3,180 

175 

1,650 

690 

2,040 

3a5 

1,590 

825 

1,500 

515 

2,600 

780 

1,230 

460 

3,740 

1,310 

960 

305 

5.600 

1,080 

8-25 

3,620 

926 

770 

1 

2,475 

1,180 

June. 


646 

680 

965 

1,060 

1,066 

1,620 

1,160 

1,060 

945 

786 

680 
616 
646 
500 
446 

875 
376 
326 
366 
370 


370 
230 
235 
226 

200 
200 
185 
160 
190 


825 
800 
680 


605 
430 
385 
355 
370 


295 
260 
245 
285 

570 
355 
250 
245 
205 

200 
165 
165 
150 
165 

165 
135 
130 
120 
120 


July. 

Aug. 

260 

60 

200 

70 

140 

70 

140 

66 

120 

60 

186 

76 

286 

60 

180 

66 

140 

50 

115 

50 

120 

50 

135 

35 

186 

60 

180 

43 

115 

85 

135 

85 

120 

83 

270 

43 

186 

28 

135 

44 

115 

89 

105 

37 

120 

34 

95 

34 

78 

43 

78 

30 

85 

52 

78 

37 

60 

35 

75 

83 

60 

31 

115 

114 

140 

106 

235 

84 

275 

74 

750 

80 

870 

84 

250 

04 

190 

98 

160 

88 

160 

62 

135 

74 

100 

77 

100 

80 

105 

74 

95 

71 

90 

84 

55 

55 

75 

65 

125 

65 

85 

58 

85 

44 

125 

41 

115 

38 

65 

31 

350 

41 

490 

65 

355 

52 

255 

52 

185 

44 

180 

38 

135 

44 

Sept. 


80 
25 
43 
130 
1,465 

785 
400 
500 
210 
260 

490 

2,270 

1,135 

690 

620 

480 
866 
800 
856 
230 

220 
206 
310 
1,340 
790 

005 

600 

446 

2,160 

2,400 


40 
36 
36 
34 
82 

84 
82 
84 
36 
36 

80 
80 
80 
28 
28 

23 

20 
20 
20 
20 

20 
20 
20 
20 
20 

30 
23 
30 
123 
170 


Oct. 


1,580 
1,125 
1,135 
1,100 
1,200 

910 

775 

1,125 

1,350 

1,050 

940 
920 
830 
720 
796 

535 
496 
446 
415 
395 

510 
406 
400 
340 
316 

810 
285 
4,875 
6,400 
4,040 
2,600 


123 
123 
74 
64 
58 

64 
71 
68 
53 
48 

80 
94 
38 
36 
34 

40 
50 
43 
40 
40 

48 
48 
50 
43 
48 

143 
1.130 
1,120 
880 
760 
578 


Nov. 


1,990 
1,610 
9,060 
4,330 
2,875 

2,475 
10,250 
6,580 
8,600 
2,530 

1,990 
1,540 
1,240 
1,000 
860 

760 
680 
640 
610 
580 

640 
880 
540 
550 
680 


570 
560 
540 


465 
400 
325 
310 
260 

230 
240 
225 
180 
200 

270 
210 
170 
150 
160 

165 
155 
133 
143 
160 

133 
143 
133 
128 
150 

84 
114 
123 
68 
77 


«  Discharge  January  17  to  March  22, 1907,  estimated  by  comparison  with  Esopus  weir  record. 

b  Discharge  February  1  to  14,  1908.  based  on  four  discharge  measurements  and  tntorpolatkms  between 
them.  Discharge  November  26,  29.  30.  and  December  1  to  7  and  23  to  25, 1908,  abnormal,  due  to  storing  of 
water  at  puip>mill  dam  at  Browns  .station. 
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Monthly  discharge  o/Esopus  Creek  at  Kingston,  N,  Y,,for  1907-8, 
[Drainage  aroa,  334  square  miles.] 


Month. 


BischazKe  in  ssoond-feet. 


Mft.TfniffiTiT 


Per 
square 
mile. 


Run-off 
(depth  in 
Inoneson 
drainage 

area). 


January 

February... 

March 

April 

»y 

June 

July 

August 

September.. 

C»ctober 

November. . 
December.. 


1007. 


The  year. 


January — 
February... 

March 

April 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


1908. 


The  year. 


3,860 

fiOO 

2,580 

1,275 

1,425 

1,530 

270 

76 

2,400 

6,400 

10,250 

5,850 


390 

170 

140 

455 

455 

160 

60 

28 

25 

285 

540 

380 


1,119 

274 

890 

772 

808 

552 

134 

46 

654 

1,220 

2,049 

1.590 


3.45 

.85 

2.75 

2.38 

2.49 

1.70 

.41 

.14 

2.02 

3.77 

6.32 

4.91 


8.987 

.880 

3.171 

2.662 

2.880 

1.905 

.479 

.163 

2.252 

4.350 

7.066 

5,667 


10,250 


25 


842 


2.60 


35.462 


1,650 

10,660 

5,600 

2,350 

6,575 

825 

750 

114 

170 

1,130 

465 

420 


250 
176 
195 
670 
670 
120 
55 
31 
20 
34 


874 

1,086 

1,452 

1,106 

1,850 

336 

192 

66 

36 

196 

190 

190 


2.70 

3.36 

4.48 

3.42 

6,71 

1.04 

.50 

.20 

.11 

.61 

.50 

.59 


3.116 

3.625 

6.176 

3.802 

6.606 

1.161 

.684 

.238 

.125 

.699 

.666 

.676 


10,660 


20 


631 


1.95 


26.564 


RONDOUT  CR£BK  AT  ROSBNDALB,  N.  Y. 

The  Rosendale  gaging  station  is  located  on  the  highway  bridge  aixd 
was  estabUshed  by  the  United  States  Geological  Survey  on  July  6, 1901. 
It  was  assumed  by  the  board  of  water  supply  of  the  city  of  New  York 
on  June  1,  1907,  at  which  time  a  new  standard  board  of  water  supply 
chain  gage  was  put  in  to  replace  the  old  one.  This  description  and 
the  following  tables  of  discharge  for  the  complete  years  1907  and 
1908  were  furnished  by  the  board  of  water  supply  of  the  city  of 
New  York. 

Measurements  are  taken  from  the  bridge  at  high  and  medium 
stages  and  by  wading  at  a  point  about  1,000  feet  below  the  bridge 
at  low  stages. 

The  gage  is  located  on  the  downstream  side  of  the  bridge  in  the 
middle  panel.  The  length  of  the  chain  from  end  of  weight  to  marker 
is  34.53  feet. 

The  bench  mark  is  a  circular  cut  on  rock  on  upstream  comer,  right 
abutment.     The  elevation  is  33.56  feet  above  the  datum. 

The  water  is  confined  to  one  channel  under  the  single  span  steel 
bridge,  which  is  135.7  feet  between  abutments  at  all  stages. 
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8UBPACE  WATEB  SXJPPLY,  1907-«. 


A  portion  of  the  water  of  the  creek  is  diverted  by  a  dam  below  High 
Falls  and  sent  through  the  Delaware  and  Hudson  Canal,  and  is  dis- 
charged into  the  creek  below  the  gaging  station.  At  Rock  Locks, 
which  is  about  li  miles  below  Rosendale,  there  is  an  overflow  weir, 
from  which  the  approximate  discharge  of  the  canal  may  be  obtained. 
The  weir,  which  has  a  crest  of  3.8  feet,  is  located  at  the  left  end  of  the 
lock  and  is  equipped  with  a  standard  board  of  water  supply  staff 
gage. 

Information  in  regard  to  this  station  is  contained  in  the  report  of 
the  state  engineer  and  surveyor,  State  of  New  York.  The  monthly 
discharge  for  1907,  as  published  in  this  report,  is  superseded  by  the 
values  computed  by  the  New  York  board  of  water  supply,  as  given 
below,  on  the  basis  of  additional  data  obtained  since  June  1,  1907. 

DaUy  gage  height,  in  feet,  of  Rondout  Creek  at  Rosenekile,  N,  T.^for  19C7, 
[Anna  Haben,  obaeryer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

lUy. 

1 

2 

3 

4 

6 

6 

7 

11.06 
9.3 
8.06 
8.0 
8.1 

7.8 
7.6 
8.0 
8.2 
7.8 

7.6 
7.7 
7.6 
7.8 
7.2 

8.8 

8.7 

8.6 

8.66 

8.6 

8.66 

8.7 

8.6 

8.66 

8.46 

8.3 

8.2 

8.16 

8.16 

8.2 

7.6 

7.6 

7.65 

7.6 

7.6 

7.6 
7.66 
7.6 
7.6 

7.7 

7.66 

7.7 

7.8 

7.9 

0.2 

8.0 
7.7 
7.1 
7.1 
7.0 

6.96 

6.9 
6.86 
6.8 
6.9 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

30 

31 

7.6 

7.4 

7.36 

7.76 

0.1 

0.6 
8.4 
7.8 
7.7 
7.86 

8.0 
8.4 
0.1 
0.0 
8.0 
8.86 

8.2 
8.2 
8.2 
8.1 
7.0  • 

7.86 

7.86 

7.8 

7.86 

7.8 

7.8 

7.76 

7.66 

14.5 
13.0 
12.3 
10.1 
0.65 

0.3 
8.6 
10.15 
10.06 
0.7 

8.65 
8.36 
8.0 
10.1 
0.2 
8.0 

8.1 

7.2 

7.1 

7.05 

7.0 

6.0 

6.85 

6.0 

7.36 

7.0 

7.3 

7.25 

7.1 

7.0 

6.06 

8 

9 

10 

11 

12 



18 

14 

16: 

7.8 

7.1 

Note. — Toe  conditions  prevailed  from  about  Janoarv  17  to  about  March  17.  During  the  froxen  period 
gaee  heights  were  taken  to  water  sur(iM»  in  a  hole  in  the  ice.  Considerable  quantities  of  anchor  ice  wen 
lodged  at  the  station  during  this  period. 
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Daily  discharge,  in  8eoon&/eet,  of  Rondout  Creek  at  Rosendale,  N.  T.,  for  1907-^. 


I>ay. 


Jan. 


VM>. 


Mar. 


Apr. 


ICay. 


Junfi. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec 


iwr.a 


1906.5 


5,300 
2,090 
1,S2D 
1,460 
1,570 

1,250 
960 
1,460 
1,670 
1,250 

1,060 

1,150 

060 

780 

700 

060 

870 

830 

1,200 

2,726 

3,300 
1,000 
1,250 
1,160 
1,300 

600 
070 
1,510 
1,420 
1,350 
1,310 


1,360 
070 
050 
875 
020 

840 
1,240 
1,725 
1,210 

050 

010 
2,130 
4,070 
2,740 
1,850 

1,410 

1,160 

025 

800 

700 

720 
720 
820 
750 
670 

640 
760 
700 
630 
620 
600 


1,270 
1,100 
1,120 
1,160 
1,120 

1,160 
1,200 
1,120 
1,080 
1,000 

000 
830 
700 
700 
830 


830 
830 
760 
630 

600 
600 
500 
600 
660 

560 
530 
470 


620 
620 
700 
700 

600 
875 
780 
710 
710 

730 
730 
700 

875 
8,000 

7,075 
2,800 
1,090 
1,210 
1,575 

1,160 
860 
790 
710 
580 

770 
1,660 
1,160 

800 


440 
440 
470 
440 
440 

880 
410 
880 
380 
600 

470 
600 
660 
630 
1,590 

3,840 
7,240 
6,950 
4,060 
3,450 

2,990 
2,120 
4,110 
5,170 
3,620 

2,180 
1,840 
1,460 
4,060 
2,850 
2,475 


630 
620 
660 
680 
650 

660 
580 
615 
615 
620 

500 

320 

1,550 

3,640 

3,275 

3,450 
2,375 
1,800 
3,410 
3,050 

1,900 
1,800 
1,960 
2,925 
3,580 

2.600 
2,980 
4,040 
3,920 
3,760 
2,710 


2,000 

1,460 

1,160 

626 

610 

660 
610 
480 
625 
550 

700 
960 
960 
780 
643 

1,688 
718 
643 
598 


408 
468 
498 
848 
1,358 

798 
768 
643 
568 
528 


2,250 
2,070 
2,170 
1,950 
1,470 

1,275 
1,275 
1,675 
3,460 
2,130 

1,740 
1,425 
1,110 
1,000 
1,110 

1,165 
880 
895 
880 
805 

825 
725 
635 
685 
580 

875 

785 

1,190 

1,000 

920 


600 
467 
428 
497 
718 

1,640 
709 
847 
848 
707 

677 
643 
527 
600 
468 

526 
2,558 
1,477 
1,218 

848 

008 
600 
667 
610 
440 

608 

678 
768 
548 
468 
420 


5,386 
2,615 
2,560 
2,100 
1,000 

020 
1,065 
5,670 
2,610 
1,700 

1,425 

1,110 

055 

900 

815 

735 
670 
545 
505 
470 

690 
4,660 
4,390 
2,670 
1,535 

1,240 

1,150 

000 

750 

800 

1,910 


417 
997 
1,607 
767 
037 

1,317 
937 
747 
657 
582 

537 
487 
457 
417 
Z77 

317 
287 
293 
317 
347 

332 
317 
263 
262 
237 

252 
242 

103 
168 
274 


1,150 
760 
610 
530 
445 

460 
430 
370 
360 


310 
280 
250 
225 
265 


410 
335 
265 
230 

205 
180 
180 
180 
200 

180 
160 
136 
110 
130 


270 
216 
147 
136 

167 
388 
187 
142 
07 

157 

227 

142 

03 

87 

102 
142 
332 
228 
167 

143 
117 
103 
08 
05 

120 
118 
85 
62 
70 
82 


110 
125 
150 
375 
285 

205 
165 
120 
110 
100 

105 
03 
80 
84 
01 

84 
70 
84 
84 
01 


84 
93 
80 
175 

430 
210 
135 
115 
112 
110 


61 
141 
87 

66 
37 
31 
25 
20 
26 


114 
88 
73 
93 
80 


107 
91 
83 
72 

105 

86 
85 
83 
78 

71 
77 
97 
78 
72 

70 
71 
62 
56 
55 

71 
95 

72 
86 
62 
55 


20 
20 
20 
115 
1,637 

667 
331 
233 
186 
184 

367 

1,707 

565 

304 


253 
253 
241 
210 
236 

215 
163 
345 
2,073 
708 

528 

415 

348 

2,076 

2,041 


40 
99 
182 
143 


1,091 
767 
603 
626 

1,166 

703 
612 
717 
767 
654 

678 
716 
543 
455 
396 

386 
367 
353 
313 
262 


391 
396 
376 
375 

341 
423 
2,637 
6,609 
3,667 
2,318 


121 
109 
04 
01 


535 
814 
657 
450 


1,474 
1,266 
7,028 
3,215 
1,008 

1,757 
12,600 
5,367 
3,111 
2,251 

1,791 
1,315 
1,015 
1.015 
846 

815 
720 
660 
660 
650 

680 
890 
750 
750 
960 

1,010 
860 
776 
720 
670 


206 
226 
102 
183 

168 
150 
151 
157 
146 

133 
117 
06 
153 
134 


104 
128 
118 

102 
96 
92 
83 

136 

128 
109 
102 
96 
85 


080 
610 
530 
530 
566 

600 
520 
490 
430 
3,180 

4,25a 
2,260 
1,425 
1,240 
1,340 

1,170 
800 
820 
720 
750 

800 

770 

950 

3,780 

3,300 

1,670 
1,276 
1,260 
1,170 
1,660 
2,360 


60 
67 
85 
75 

70 
96 
370 
343 
280 

253 
283 
274 
265 
244 

314 
192 
196 
190 
196 

192 
188 
198 
274 
238 

196 
184 
170 
170 
162 
214 


a  Discharges  Include  flow  In  Delaware  and  Hudson  Canal,  which  was  open  from  April  15  to  November  16, 
1907,  and  April  12  to  December  12, 1908. 
6 Creek  covered  with  ice  February  2  to  15, 1908.    February  15, 1908,  discharge  estimated. 
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SURFACE  WATEB  SUPPLY,  1907-8. 


MmUhly  diicharge  of  Rondout  Creek  at  Rotendale,  N.  T,,for  1907-8. 
[Drainage  area,  380  square  milee.] 


Discharge  in  seoond-Cset. 

Run-off 

drainage 

area). 

Mooth. 

Maximum. 

IflHtTTH^T"- 

Mean. 

Per 
square 
mile. 

1907. 
January 

5,800 
1,270 
7,240 
2,000 
2,558 
1,507 
388 
141 
2,076 
6,509 
12,609 
4,250 

690 
470 
380 
468 
428 
168 
62 
20 
20 
262 
650 
430 

1,512 
854 

2,140 
789 
748 
508 
157 
65 
564 
970 

1.920 

1,311 

3.98 
2.25 
&64 
2.06 
L97 
1.84 
.41 
.17 
1.48 
2.55 
&06 
3.45 

4.59 

February 

2.34 

March... 

6.49 

April 

132 

M^.::::::::::::::::::::::. :::::::.: 

127 

June 

L49 

July 

.47 

August 

.20 

flAptAtnh^     , 

L66 

October 

194 

November 

5.61 

THwember 

8.98 

The  year 

12,609 

20 

962 

153 

84.37 

1906. 
January 

4,070 

8,000 

4.040 

3,460 

5,670 

1,150 

430 

114 

182 

814 

366 

370 

620 

580 

320 

580 

470 

110 

79 

55 

21 

33 

83 

67 

1,150 

1,417 

1,993 

1,295 

1,762 

S45 

138 

80 

44 

141 

142 

194 

3.08 

3.73 

&24 

3.41 

4.64 

.91 

.36 

.21 

.12 

.37 

.37 

.51 

8. 485 

February 

4.014 

Maroh 

6.044 

April 

8.801 

iiSy.:. :::::::::::;:....: : :. 

5.336 

June 

LOU 

July 

.418 

August 

.243 

September...                ... 

.129 

October 

.426 

November 

.418 

December 

.560 

The  year. .......... . 

8,000 

21 

725 

1.91 

25.917 

MISCELLANEOUS  MEASUREMENTS  IN  HUDSON  RIVER  DRAINAGE  BASIN. 

The  following  misceUaneous  discharge  measurements  were  made 
in  Hudson  River  drainage  basin  during  1907  and  1908: 

Miscellaneous  measurements  in  Hudson  River  boitn,  1907  and  1908. 


Date. 


Stream. 


Locality. 


1907.  I 

August  30 1  Hudson  River. 


February  15a..i do. 

February  16  ft do. 


October  1 North  Creek. 

October  24 do. 

November  12...; do. 

November  16.. 
August  28  c.... 
August  25 d.... 
August  25 


1908. 
January  22 '  North  Creek . 


do. 

Schroon  River 

Sacandaga  River 

West  Braocb  Sacandaga 
River. 


AtOooley,N.Y.,e00feet 

above  mouth  of  Indian 

River. 
Highway  bridge  at  Cor- 

iSth,  N.  Y. 
2,000  feet  above  highway 

bridge  at  Corinth,  N.  Y. 

North  Creek,  N.  Y 

do 

do 

do 

Warrensburg,  N.  Y 

2  mUes  below  Hope,  N.  Y . 
Just  above  entrance  of 

West  Branch  into  8a- 

condaga     River    near 

Wells,  N.  Y. 
North  Creek,  N.  Y 


Width. 


Feet. 


349 
613 


Area  of 
section. 


aq.fU 


1,190 
3,640 


Oaee 
lei^t. 


hei 


Feet. 


125.96 
125.95 


Dis- 
charge. 


Sec-ft. 
69 


2,580 

1,740 

54 

11.  J 
53 
30 
106 
62 
38 


30 


a  Measurement  very  approximate,  account  of  poor  measuring  conditions. 

b  Measurement  made  under  ice  cover.  Qage  height  to  top  of  ice,  126.14  feet;  thickness  of  loe,  1  foot. 
No  ice  at  gage  and  river  open  for  nearly  the  entire  width  700  feet  below  the  mge. 

« Measurement  made  by  wading  iust  below  electric  railroad  bridge.  Tnis  point  Is  ordinarily  within 
backwater  effect  of  the  dam  below,  but  the  pond  was  not  filled  up  on  the  date  of  this  measurement. 

d  Measurement  made  by  wading  |  mile  above  the  mouth  of  West  Stony  Creek. 
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PASSAIC  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

Passaic  River  rises  in  Somerset  and  Morris  counties,  N.  J.  Above 
its  confluence  with  Pompton  River,  its  main  tributary,  it  meanders 
through  a  flat  coimtry  of  Triassic  red  sandstone,  to  which  in  large 
measure  must  be  attributed  the  turbidity  of  its  waters.  In  contrast 
with  the  sluggish,  muddy  character  of  the  Passaic,  the  Pompton  is  a 
rapid  stream  and  its  waters  are  clear.  It  drains  parts  of  Sussex, 
Passaic,  Morris,  and  other  adjoining  coimties,  and  traverses  for  a 
large  part  of  its  course  a  country  of  hard  crystalline  rocks  and  heavy 
forests,  the  general  level  of  which  is  several  hundred  feet  above  that 
of  the  Passaic.  At  their  confluence  the  Pompton  enters  with  a  cur- 
rent which  carries  it  well  toward  the  right  bank  of  the  Passaic,  and 
at  times  of  flood  causes  much  backwater  in  the  latter. 

The  highest  recorded  flood  which  has  occurred  in  this  drainage 
basin  was  that  of  October,  1903.  The  flood  began  at  6.30  p.  jn, 
October  8,  and  lasted  \mtil  midnight  October  18,  the  maximum  height, 
being  reached  at  9  p.  m.  October  10.  There  was  a  total  rainfall  of 
11.74  inches  between  October  8  and  11.  The  estimated  maximum 
discharge  at  the  Dimdee  dam  was  35,800  second-feet.  This  flood  is 
fully  described  in  Water-Supply  Paper  No.  92. 

Gaging  stations  have  been  maintained  in  this  basin  as  follows: 

Passaic  River  at  Millington  (1903-1906). 

Passaic  River  near  Chatham  (1903-1908). 

Passaic  River  at  Two  Bridges  (Mountain  View)  (1901-1903). 

Rockaway  River  at  Boonton  (1903-4). 

Pompton  River  at  Pompton  Plains  (1903-4). 

Pompton  River  at  Two  Bridges  (Mountain  View)  (1901-1903). 

Ramapo  River  near  Mahwah  (1903-1908). 

Wanaque  River  at  Wanaque  (1903-1905). 

PASSAIC   RIVER    NEAR   CHATHAM,    N.    J. 

This  station  was  established  February  10,  1903,  and  is  maintained 
by  the  United  States  Weather  Bureau.  It  is  located  at  the  second 
bridge  about  H  miles  upstream  from  Chatham.  No  important  trib- 
utaries enter  in  the  immediate  vicinity  of  the  station.  Canoe  Brook 
enters  from  the  east  about  3  miles  below  the  station. 

This  stream  is  important  because  many  large  cities  draw  their 
water  supply  from  it  and  also  because  many  cities  on  the  lower  por- 
tion throw  their  sewage  into  it.  Records  of  discharge  are  also  valua- 
ble in  connection  with  power  development  and  studies  for  the  preven- 
tion of  excessive  floods  in  the  basin. 

The  datum  of  the  chain  gage  has  remained  the  same  since  the 
establishment  of  the  station.     The  discharge  is  affected  by  ice  during 
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the  winter  months.  Conditions  of  flow  have  changed  somewhat 
during  the  period  of  maintenance  of  the  station,  but  the  rating  curves 
develo]>ed  for  low  and  medium  stages  are  considered  good. 

Discharge  VMOiurementi  of  Panaic  River  near  Chatham^  N.  J.,  m  1908, 


Dftte. 


Uydrognpber. 


lUy  12 Hemhaw  and  Barrows 

Do do 

September  2....    R.  H.  Bolster 


Afcaof      Gace  '    Dto- 
secticKL     hel^bt.  cfaarce. 


FeiL 

Sq.ft. 

Fttt.   iSte-'fi. 

m 

181 

3.W 

5» 

m 

184 

3.90 

sn 

60 

84 

2. 25 

2S.6 

Daily  gage  height ,  in/eety  of  Pasmtic  River  near  Chatham^  N.  J,,  for  19</7-8. 
[Mis  M.  A.  Butler,  obaerver.] 


1.. 
2.. 
3.. 
4., 
6. 

«. 
.  7., 
8. 
9. 
10. 

11. 
12 
13 
14 


Day. 


l«07.a 


1908.& 


Jao.      Feb.     Mar. 


5.0 
4.8 
4.6 
4.6 

^^ 

4.0  ' 
3.7  , 
3.5 
3.5 
3.3 


is:;.::.;:;.:.:.' 

,6 ' 

17       

18 

19 

20 

3.1 
2.9  , 
3.8 
4.8  ' 
4.5  I 

.o' 

3.5 
4.2 

4.8 
5.0 


21 

5.6'     .       . 

22 

23 

5.0! 

1 

24 

25 ' 

1 
26 

27 

28 , 

29 '  . 

30...: :::;:::':::::: 

31 

I 

2 

3 

4 

6 

6 

,      3.7 ' 

1      3.4    

3.1    

3.5    

3.0, 

7 ,..---..,.-.... 

8 

9 

;   4.3 

'      3.9  ' 

10 

11 

12 

13 

14 

'      3.6  J 

1      3..    

1       4.0    

5.0    

15 >..          1       .       1 

4.8 
6.0 

6.5 
7.0 
8.0 
7.0 
6.0 

5.5 
5.0 
4.7 
4.6 
4.3 

4.1 
3.9 
3.4 
3.3 
3.1 
3.0 


4.7 
4.2 
3.8 
3.6 
3.3 

3.1 
3.4 
3.6 
4.0 
3.9 

3.7 
3.4 
3.2 
3.0 
2.9 


Apr.  ,  May.    June.    July. 


2.5 
2.4 
2.4 
2.S 
2.3 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.6 
2.6 
2.4 
2.3 

2.3 
2.3 
2.2 
2.2 
2.2 

2.4 
2.3 
2.3 
2.3 
2.2 

2.2 
2.2 
2.1 
2.1 
2.1 
2.1 


2.3 
2.3 
2.3 
2.3 
2.3 

2.4 
2.Z 
2.3 
2.3 
2.2 

2.3 
2.3 
2.2 
2.2 
2.2 


, 

2.8 

3.1 

1 
2.4  1 

2.7 

2.9 

2.6 

2.7 

2.8 

3.2 

2.6 

3.4 

3.0 

2.6 

3.3 

2.9 

2.6 

3.3 

3.0 

2.5 

3.2 

2.8 

3.0 

3.1 

2.7 

3.6 

3.0 

2.6 

4.0 

3.0 

2.5 

3.7 

3.8 

2.6 

3.4 

8.6 

2.4 

3.6 

3.4 

2.4 

3.5 

3.3 

2.6 

3.2 

3.1 

2.5 

3.0 

3.0 

2.4 

2.8 

4.3 

2.4 

2.7 

4.8 

2.4 

2.6 

4.5 

2.3 

2.6 

4.0 

2.3 

2.5 

3.6 

2.3 

2.4 

3.1 

2.2 

2.4 

3.0 

2.2 

3.3 

2.9 

2.2 

3.2 

2.8 

2.2 

3.1 

2.7 

2.2 

3.0 

2.7 

2.3 

2.9 

2.7 

2.3 

2.8 

2.6 

2.2 

2.7 

2.6 
2.5 

2.6 

2.9 

3.4 

3.4 

2.8 

3.2 

3.2 

2.8 

3.1 

3.1 

2.6 

3.0 

2.9 

2.7 

2.9 

2.8 

2.6 

2.7 

2.7 

2.7 

2.8 

2.7 

2.5 

5.1 

2.6 

3.2 

5.3 

2.5 

3.0 

4.6 

2.5 

3.1 

4.4 

2.4 

2.9 

4.0 

2.4 

2.9 

3.8 

2.3 

2.7 

3.3 

2.3 

2.7 

3.5 

2.3 

Au«. 

Sept. 

2.1 

2.2 

2.1 

X2 

2.1 

2.2 

2.2 

2.2 

2.2 

2.4 

2.1 

2.6 

2.1 

2.6 

2.1 

2.5 

2.1 

2.4 

2.1 

2.4 

2.1 

2.4 

2.1 

2.6 

2.1 

2.5 

2.\ 

2.4 

2.1 

2.3 

2.1 

2.3 

2.1 

2.2 

2.1 

2.2 

2.1 

2,4 

2.0 

2.3 

2.0 

2.3 

2.0 

2.3 

2.0 

2.6 

2.3 

3.6 

2.6 

3.4 

2.4 

3.3 

2.3 

3.2 

2.3 

3.1 

2.3 

4.6 

2.2 

4.5 

2.2 

2.4 

2.6 

2.3 

2.4 

2.2 

2.3 

2.3 

2.3 

2.3 

2.3 

2.2 

2.4 

2.4 

2.6 

2.4 

2.5 

2.2 

2.4 

2.Z 

2.4 

2.2 

2.3 

2.1 

2.3 

2.2 

2.3 

X2 

2.3 

2.1 

2.2 

Oct.     Nov.     Dec. 


4.1 

3.8 

S.J 

3.8 

3.6 

3.1 

3.4 

4.0 

2» 

3.2 

3.8 

18 

%^ 

3.6 

2.7 

2.7 

3.4 

2.5 

2.6 

6.2 

24 

3.2 

6.0 

14 

3.6 

4.7 

IS 

3.3 

4.4 

17 

3.1 

4.2 

IS 

3.0 

3.9 

J.  3 

2.9 

8.6 

3.2 

2.8 

3.3 

3.1 

2.1 

3.1 

3.7 

2.7 

2.9 

4.2 

2.6 

2.7 

3.9 

2.5 

2.5 

3.7 

2.4 

3.4 

3.4 

2.4 

3.3 

3.2 

2.3 

3.2 

3.0 

2.2 

3.5 

17 

2.2 

3.4 

17 

2.2 

3.5 

5.0 

X2 

4-2 

4.6 

XI 

4.1 

4.3 

2.1 

3,9 

4.1 

3.6 

3.7 

3.9 

4.6 

3.6 

3-6 

4.3 

3.4 

3-5 

4.0 

3.9 

2.6 

3.0 

11 

2.6 

2.8 

11 

2.4 

2.6 

11 

2.3 

2.5 

11 

%Z 

%Z 

11 

2.2 

2.3 

11 

2.2 

2.2 

3.6 

2.2 

2.2 

4.0 

2.2 

2.2 

3.8 

2.? 

2.2 

16 

2.3 

2.2 

3.3 

2.2 

2.2 

3.2 

2.2 

2.1 

3.1 

2.2 

2.1 

S.1 

2.2 

2.4 

3-0 

o  River  frozen  January  23  to  March  13,  1907. 

6  River  frozen  January  6  to  7,  January  25  to  February  24,  and  December  23  to  31, 1908.  River  probably 
open  January  14  to  24, 1908;  do  gage  readings  talcen.  December  7  to  22, 1908,  may  also  have  been  affected 
by  ice  conditions. 
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Daily  gage  height^  in  feet,  of  Passaic  River  near  Chatham,  N.  J.,  far  1907-8 — Continued. 


Date. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

2.3 
2.3 
2.3 
X2 
2.1 

2.2 
2.6 
2.4 
2.6 
2.9 

3.2 
3.0 
2.8 
2.6 
2.4 
2.4 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1908. 
16 

3.7 
3.6 
3.3 
4.2 
4-1 

3.7 
3.5 
3.4 
3.4 
3.3 

3.2 
3,1 
3.0 
3.0 
3.0 
2.9 

2.6 
2.6 
2.5 
2.6 
2.5 

2.5 
2.4 
2.5 
2.4 
2.5 

2.3 
2.4 
2.3 
2.4 
2.3 

3.9 
3.6 
3.3 
3.1 
2.9 

3.3 
3.8 
3.8 
3.6 
3.3 

3.1 
3.0 
2.8 
2.6 
2.5 
3.5 

2.8 
3.2 
3.0 
2.8 
2.6 

2.5 
2.5 
2.4 
2.4 
2.5 

2.5 
2.4 
2.4 
2.4 
2.3 



2.2 
2.2 
2.1 
2.2 
2.2 

2.0 
2.1 
2.5 
2.4 
2.4 

2.8 
3.2 
3.2 
3.0 
2.7 
2.7 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.1 
2.1 
2.7 
2.6 



2.2 
2.2 
2.2 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.4 
3.0 
3.0 
3.2 
3.5 
3.2 

2.3 
2.3 
2.2 
2.2 
2.3 

2.3 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.1 
2.1 

2.9 

17       

2.8 

18 

2.8 

19      

2.9 

20 

2.8 

21 

2.7 

22      

2.6 

» 

1 

24 :::;...:. 

; 

25 

3.9 

3.9 

4.9 

26 

27 

28 

5.9 
5.4 

29 

30 

31            .... 

! 

Rating  table  for 

Passaic  River  near  Chatham,  N. 

J.  Jot 

1907-8. 

Qase 
height. 

Dis- 
charge. 

height. 

Dis- 
charge. 

Oage 
height. 

Dis-     ! 
charge. 

hei^t. 

Dis- 
charge. 

Fett. 

8ec.-ft. 

Feet. 

Sec^ 

Feet. 

See.-ft. 

Feet. 

See.-ft. 

2.00 

8 

3  20 

4.40 

776 

6.20 

1,780 

2.10 

12 

3.30 

271 

4.60 

826 

6.40 

1,900 

2.20 

20 

3.40 

310 

4.60 

875 

6. 60 

2,020 

2.30 

31 

3.60 

360 

4.70 

926 

6.80 

2,140 

2.40 

46 

3.60 

390 

4.80 

980 

7.00 

2,260 

2.60 

60 

3.70 

435 

4.90 

1,036 

7.20 

2,380 

2.60 

n 

3.80 

480 

5.00 

1,090 

7.40 

2,500 

2.70 

97 

3.90 

626 

5.20 

1,200 

7.60 

2,620 

2.80 

119 

400 

676 

5.40 

1,310 

7.80 

2,740 

2.90 

144 

4.10 

626 

6.60 

1,420 

8.00 

2.860 

3.00 

172 

420 

676 

5.80 

1,640 

•    3.10 

1 

202 

4.30 

726 

6.00 

1,660 

•  NoTB.— The  above  table  Is  not  applicable  for  Ice  or  obstructed-channei  conditions.  It  is  based  on  4 
discharge  measurements  made  during  1906-1908,  one  measurement  made  during  1909,  and  the  form  of 
the  1906  curve.  It  is  well  defined  below  gage  height  4.0  feet.  It  is  probable  that  this  rating  is  also  bet- 
ter adapted  for  conditions  of  flow  during  1906  than  the  one  used  for  that  year  in  computing  the  monthly 
discharge  as  published  in  Water-Supply  Paper  No.  202. 


Digitized  by  VjOOQ  IC 


240 


SUBFACZ  WATCB  SUPPLY,  19i^^-«. 


MomUdf  dudmrye  of  Pm 


S.J^foti9a:-s, 


Pw 


iwamry,,, 

lUrrA 

iSf..:.:.: 

iooft 

Uilj 

Ao^irt 


JWT. 


l^JIO 


$73 


77 
«0 
87S 


1.2 
1,0 


U 
S 

90 
U 
«0 
SI 


577 

M 
?•• 
17t 

m 

17.6, 
XM 
SI 


Tbef«5«r. 


Jmoarf,, 

Marr-h. 
At 


S2 


2.50 


il5". 


Jun^ 

July 

Atifint 

Deoeml«r.. 


1,090 

I, MO 

925 

2» 

1,3B0 

310 

2tf 

2» 

97 

aso 

172 
57S 


144  I 
SI 


2t7 

960      I 
80.5  I 
9SS 


SI  1 

98.4 

12' 

52.1 

8 

5X3 

12 

S4.4 

12 

57.8 

12  ■ 

as.6 

12 

us 

s.ti 

2.M 
S.56 

.886 

S.64 
.935 
.516  , 
.518' 
.341  I 
.572' 
.SS3  ' 

1.S2    - 


3.4S 

S.17 
4.10 


D. 
D. 
A. 
A. 
4.20  A. 
l.QS  A. 
.59  B. 
.60  B. 
.38  B. 
.66  B. 
.37.  B. 
L52  I  D. 


Tlwyew. 


1,600 


156 


1.56 


21.07 


NoTK.  -  DWrhnrr*'  dfninr  th<>  frot^o  periods  sod  Jaonaiy  14  to  24, 1906,  estimated,  utittitii^cUmfttoloc- 
ioal  reports  and  considering;  f^^neral  nm-off  oonditioiu  in  the  vldnH  j  of  this  itatioii.: 

Seooiid4Bet. 

I>licharx«Jsnimr723to31.1907 289 

March  1  to  13, 1907 75 

January  6  to  7,  1908 125 

January  14  to  31, 1908 225 

Febniary  1  to24,190« 150 

I>«5emrjer23to31,1908 40 

The  open  channel  ratine  was  applied  December  7  to  22, 1908.    It  Is  possible  that  results  lor  this  mooth 
may  tte  eixcesulve,  due  to  ice  conaitioiis  during  this  period. 

RAMAPO   RIVER    NEAR   MAHWAH,    N.  J. 

This  station,  which  is  located  at  a  concrete  highway  bridge  about 
1  mile  west  of  Mahwah,  N.  J.,  was  established  February  10,  1903,  by 
the  United  States  Weather  Bureau,  which  furnishes  the  gage  readings. 
Measurements  of  discharge  are  made  by  the  engineers  of  the  United 
States  Geological  Survey. 

Conditions  for  obtaining  accurate  discharge  data  are  only  fair. 
Records  of  discharge  for  1907-8  will  probably  be  published  in  the 
1909  report. 

The  following  discharge  measurements  were  made  during  1908: 

Discharge  measuremmts  of  Ramapo  River  near  Mahwah,  N.  /.,  in  1908. 


Date. 


May  12 

September  3  o.. 


Hydroffrapher. 


Ilenshawand  Barrows. 
R.H.  Bolster 


Width. 


Feci. 
63 
38 


Area  of 
section. 


Sq.ft. 
285 
82.6 


I    DIs- 
t.  charge. 


FeH. 
4.74 
2.39 


33 


a  Measurement  made  at  wading  section. 
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RARITAX  RIVER  DRAINAGE  BASIN. 
DESCRIPTION. 

Raritan  River,  the  largest  stream  in  New  Jersey  except  the  Dela- 
ware, is  formed  by  two  chief  branches.  North  and  South,  which  have 
their  sources  a  few  miles  apart  in  the  highlands  of  Morris  County, 
flow  southward,  and  unite  near  Somerville,  from  which  point  the 
course  of  the  river  is  southeastward  to  Raritan  Bay.  The  river  is 
tidal  to  a  point  about  2  miles  above  New  Brunswick,  and  is  navigable 
to  that  city,  about  12  miles  from  the  mouth. 

The  total  area  of  the  drainage  basin  is  1,105  square  miles,  about  10 
per  cent  of  which  is  forested.  The  highlands  consist  mostly  of  trap 
rock  and  contain  a  large  proportion  of  the  wooded  areas  of  the  basin- 
The  area  outside  of  the  highlands  consists  either  of  trap  rock  or  red 
sandstone.  Of  the  800  square  miles  of  drainage  area  above  the  gaging 
station  at  Bound  brook,  about  150  square  miles  are  in  the  cultivated 
part  of  the  highlands  and  on  the  trap  ridges;  the  remainder  is  mostly 
on  the  low,  level,  red  sandstone  plain. 

The  valley  of  the  Raritan  is  populous  and  highly  cultivated,  and  a 
large  amount  of  water  power  is  utilized  on  its  various  branches. 
North  Branch  is  considered  a  valuable  source  for  gravity  supply,  the 
elevation  of  the  upper  portion  ranging  from  750  to  1,100  feet.  Mill- 
stone River,  an  important  stream  which  unites  with  the  Raritan  a 
few  miles  west  of  Boundbrook,  diflFers  from  the  other  branches,  having 
its  rise  in  sandhills  and  flowing  northwestward  through  a  sandy  soil. 
It  has  large  ground  storage,  and  is  better  suited  for  power  than  for 
water  supply,  being  very  muddy  at  high  stages. 

The  Raritan  is  paralleled  on  the  south  by  the  Delaware  and  Raritan 
Canal.  -  (See  Delaware  River  at  Lambertville,  N.  J.) 

Gaging  stations  have  been  maintained  in  the  Raritan  basin  as 
follows: 

Raritan  River  at  Stanton  (1903-1906). 

Raritan  River  at  Finderae  (1903-1907). 

Raritan  River  at  Boundbrook  (1903-1908). 

North  Branch  Raritan  River  at  Pluckemin  (1903-1906). 

Millstone  River  at  Millstone  (1903-1904). 

RARFFAN   RIVER   AT   FINDERNE,    N.   J. 

This  station,  which  was  established  June  27,  1903,  and  discon- 
tinued March  31,  1907,  was  located  at  the  highway  bridge  one-half 
mile  from  the  station  of  the  Central  Railroad  of  New  Jersey  at  Fin- 
deme.  The  locality  is  7  miles  below  the  junction  of  the  North  and 
South  branches  of  the  Raritan  and  li  miles  above  Millstone  River, 
which  enters  from  the  south. 

Data  regarding  discharge  collected  at  this  station  are  of  value  in 
determining  the  water  power  available  at  various  sites  along  the 
river. 

16264— IBB  241—10 16 
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SURFACE  WATEB  SUPPLY,  1907-8. 


The  datum  of  the  chain  gage  was  unchanged  during  the  main- 
tenance of  the  station.  The  discharge  is  aflFected  by  ice  during  the 
winter  period.  Conditions  of  flow  remained  practically  constant 
throughout  the  period  of  maintenance,  and  a  good  rating  curve  has 
been  developed. 

Daily  gage  height^  in  feet y  of  Raritan  River  at  Findeme^  N.  J.^Jor  1907. 
[Jacob  Siege],  obeerver.] 


Day. 

Jan. 

8.85 
5.48 
5.15 
5.82 
5.40 

4.82 
4.78 
4.68 
4.82 
4.78 

4.32 
4.60 
5.78 
6.76 
6.25 

Feb. 

Mar. 

4.38 
4.60 
6.12 
5.06 
5.30 

5.02 
4.65 
4.62 
4.15 
4.70 

4.35 

Day. 

Jan. 

5.18 
4.62 
4.38 
4.80 
5.62 

4.98 
5.25 
4.88 
5.65 
5.65 

5.25 
5.05 
5.22 
4.72 
4.30 
4.50 

Feb. 

Mar. 

1  

4.60 
4.28 
4.42 
4.48 
6.70 

6.78 
6.68 
6.22 
5.68 
5.38 

5.15 
4.82 
5.20 
4.80 
4.90 

16 

4.85 
4.78 
4.58 
4.65 
4.90 

5.20 
4.70 
4.52 
4.38 
4.42 

4.25 
4.45 
4.32 

8.43 

2 

17 

8.35 

3 

18 

8.50 

4 

19 

6.62 

5 

20 

&n 

6 

21 

&18 

7 

22 

5.85 

8 

23 

5.75 

9 

|S 

5.22 

10 

!25:::::::::::::::::::::::: 

5.18 

11 

1 

26 

188 

12 

4.35 

,  27 

4.72 

13 

4.18 
8.22 
11.20 

28 

4.58 

14 

'  29 

4.52 

15 

30 

4.48 

31 

&40 

1 

Nan.— Ice  conditions  prevailed  from  about  January  24  to  March  13. 

Rating  table  for  Raritan  River  at  Findeme,  N,  J.,  for  190S-1907, 


Oase 
height. 

Dis- 
charge. 

heigEt. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

he^t. 

Dis- 
charge. 

Feet. 

8ee.-fL 

Feet. 

See.'ft. 

Feet. 

tm 

Feel. 

Sec-ft. 

4.30 

612 

5.70 

2,005 

7.10 

8.80 

5,930 

4.40 

695 

5.80 

2,120 

7.20 

3,815 

9.00 

6,210 

4.50 

783 

5.90 

2,235 

7.30 

3,940 

9.20 

6,500 

4.60 

875 

6.00 

2,350 

7.40 

4,065 

0.40 

6,800 

4.70 

969 

6.10 

2,465 

7.50 

4,196 

9.60 

7,100 

4.80 

1,064 

6.20 

2,585 

7.60 

4,325 

9.80 

7,410 

4.90 

1,169 

6.30 

2,705 

7.70 

4,455 

laoo 

7,730 

5.00 

1,266 

6.40 

2,825 

7.80 

4;  585 

ia20 

8,070 

6.10 

1,355 

6.50 

2,945 

7.90 

4,715 

10.40 

8,410 

5.20 

1,460 

6.60 

3,065 

8.00 

4,845 

ia60 

8,750 

5.30 

1,565 

6.70 

3,190 

8.20 

5,110 

ia80 

9,090 

5.40 

1,675 

6.80 

3,315 

8.40 

5,380 

11.00 

9.430 

5.50 

1,785 

6.90 

3,440 

1    8.60 

5,650 

12.00 

11.130 

6.60 

1,8»5 

7.00 

3,565 

1 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed  channel  conditions.    It  is  based  on  14 
discharge  measurements  made  1903-1906,  and  is  well  defined  between  gage  heights  3.9  feet  and  10  feet 

Monthly  discharge  of  Raritan  River  at  Findeme^  N.  J.^for  1907. 
(Drainage  area,  490  square  miles.] 


Discharge  in  second-feet. 

Run-off 

(depth  in 

inches  on 

drainage 

area). 

Month. 

\Hn!nir|ni- 

Mean. 

Per 
square 
mile. 

Aoco- 
r»cy. 

January 

6,000 

300 
2,020 

2.82 
.612 
4.12 

3.25 
.64 
4.75 

B. 

February 

D. 

March 

9,770 

B 

*  Note.— Discharge  during  ice  periods  estimated  on  the  basis  of  Raritan  at  Boundbfook  and  cllmatoingiesi 
reports: 

Second-feet 

Discharge  January  24  to  31 675 

March  1  to  13 500 
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BABITAN   BIVER   AT   BOUNDBROOK,    N.  J. 

This  station,  which  was  established  September  12,  1903,  and  dis- 
continued March  31,  1909,  was  located  at  the  highway  bridge  just 
back  of  the  Lehigh  Valley  railroad  station  at  Boundbrook,  N.  J. 
The  locality  is  2i  miles  below  Millstone  River  and  about  1,000  feet 
above  Boundbrook,  which  enters  from  the  northeast. 

The  records  at  this  point  are  of  value  for  determining  the  regimen 
of  flow  of  Raritan  River  and,  in  conjunction  with  the  records  of  the 
Findeme  station,  for  determining  the  flow  of  Millstone  River  and 
solving  problems  connected  with  power,  navigation,  municipal  water 
supply,  and  sewage  disposal. 

About  IJ  miles  below  the  station  a  dam  diverts  water  into  the 
Delaware  and  Raritan  Canal  for  power  plants  about  5  miles  below 
Boundbrook.  The  discharge  of  the  canal  near  the  gaging  station  is 
but  a  few  second-feet  each  day — only  the  amount  necessary  for  the 
lockage  of  canal  boats.  It  is  stated  that  the  headgates  below  are 
regulated  only  at  times  of  freshets  and  remain  open  during  low  and 
medium  stages.  It  is  probable,  however,  that  the  relation  between 
discharge  and  gage  heights  is  at  times  affected  by  this  controlled 
flow. 

The  datum  of  the  gage  has  remained  unchanged  since  the  estab- 
lishment of  the  station.  During  the  winter  period  the  discharge  is 
aflTected  by  ice.  Conditions  of  flow  are  probably  constant  except 
for  the  effect  of  regulation  at  the  dam  below.  A  very  good  rating 
curve  has  been  developed  except  for  some  measurements  which  plot 
a  few  per  cent  away  from  the  curve.  It  seems  probable  that  this 
deviation  is  caused  by  the  controlled  flow  below. 

Discharge  measurements  of  Raritan  River  at  Boundbrook ^  N.  J.,  in  1908. 


Date. 

Ilydrographer. 

Width. 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

lCay9 

Henshaw  and  Barrows 

Feet. 

Sq.ft. 
1,830 
1,010 
986 

Feet. 
4.10 
2.00 
1.30 

Sec.-ft. 
5,140 

May  13 

September  2.... 

A.  T.  Barrows 

374 

380 

1,480 

R.  H.  Bolster 

500 
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SURFACE  WATEB  SUPPLY,  1901-8. 


Daily  gage  height,  infut,  o/RarUan  River  at  Btnmdbrook,  N.  J.,  for  1907-8, 
[Joseph  K.  Tantem,  observer.] 


Day. 


1907.a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 ,.. 

29 

30 

31 

1906.^ 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan.     Feb.     Mar.     Apr.     May.    Jane.    July.    Aug.    Sept     Oct     Not.    Dec 


6.55 
2.95 
2.6 
2.76 
2.85 

2.35 
2.3 
2.35 
2.25 
2.0 

2.0 
2.76 
3.75 
3.9 
3.75 

2.8 
2.35 
3.96 
4.0 
2.9 

3.15 

2.7 

3.3 

2.5 

2.4 

2.2 
1.9 
2.0 
2.0 
1.85 
1.8 


2.45 
2.25 
2.05 
2.0 
2.0 

1.7 

2.05 

6.05 

2.85 

2.15 

2.05 
4.7 
6.4 
4.2 
3.0 

2.6 
2.4 
2.3 
2.1 
2.0 

2.0 
2.0 
2.0 
1.85 
1.8 

2.6 

2.3 

2.35 

2.0 

2.05 

1.95 


1.85 
1.85 
2.0 
1.8 
1.6 

1.6 
1.9 
1.8 
1.8 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.6 

1.65 

1.5 

1.5 

1.5 

1.5 
1.5 
1.5 
1.4 
1.3 

1.3 
1.5 
1.3 


3.6 
4.15 
2.45 
2.4 
2.0 

2.4 
2.75 
2.25 
2.0 
2.0 

2.0 
1.9 
1.9 
3.75 
6.76 

5.3 
2.95 
2.15 
2.25 
6.5 

3.3 

2.55 

2.1 

2.0 

2.25 

4.75 
5.7 
2.95 
2.2 


1.3 

1.36 

2.6 

2.66 

2.2 

2.06 
1.76 
1.8 
2.0 
2.6 

2.0 
1.9 
2.3 
6.2 
7.9 

6.45 

6.1 

5.55 

4.16 

5.35 

4.0 

3.3 

3.05 

2.85 

2.45 

2.25 

2.2 

2.06 

2.1 

1.9 

1.8 


2.0 

1.85 

1.95 

2.1 

1.86 

1.9 
2.65 
3.0 
3.95 
2.76 

2.4 

2.3 

2.25 

2.35 

2.26 

2.45 
2.05 
2.25 
5.16 
3.45 

2.6 

2.25 

2.25 

2.6 

2.16 

2.0 
1.85 
1.95 
2.05 
1.95 
1.9 


1.8 

1.76 

1.7 

1.66 

1.65 

1.6 
1.6 
2.35 
2.35 
2.5 

2.26 

2.0 

2.16 

2.1 

1.86 

1.76 

1.66 

1.6 

1.6 

1.65 

1.6 
1.6 
1.5 
2.7 
2.25 

1.8 
1.9 
1.8 
1.7 
1.7 


1.96 
1.86 
1.96 
1.8 
1.6 

1.7 

1.6 

1.7 

2.35 

1.8 

1.76 
1.65 
1.65 
1.6 
1.5 

1.75 

1.6 

1.6 

1.6 

1.55 

1.65 

1.4 

1.5 

1.45 

1.4 

1.4 
1.3 
1.4 
1.4 
1.3 


1.76 
1.66 
1.6 
2.66 
2.6 

2.05 
2.05 
1.95 
2.0 
2.05 

2.56 
2.15 
1.86 
1.75 
1.76 

1.9 

4.15 

2.65 

2.26 

2.2 

2.1 

1.9 

1.8 

1.66 

1.6 

1.5 

1.6 

1.65 

1.6 

1.66 

1.5 


2.76 
1.85 
1.75 
1.6 
1.4 

1.5 

3.25 

7.0 

4.5 

3.05 

2.65 

2.1 

1.95 

1.95 

3.0 

4.5 
2.6 
2.55 
2.2 
3.15 

3.6 
4.7 
4.2 
3.0 
2.45 

2.15 
2.05 
1.95 
1.76 
1.76 
3.05 


1.4 

2.3 

2.66 

1.96 

1.76 

1.76 

1.7 

1.66 

1.46 

1.4 

1.4 
1.4 
1.36 
1.3 
1.4 

1.35 
1.3 
1.25 
1.2 
1.2 

1.2 

1.26 

1.2 

1.15 

1.2 

1.2 

1.2 

1.25 

1.25 

1.6 


2.1 

1.85 

1.76 

1.6 

1.6 

1.5 

1.5 

1.46 

1.4 

1.4 

1.3 
1.3 
1.3 
1.3 
1.3 

2.65 

2.2 

1.95 

1.65 

1.5 

1.35 

1.3 

1.25 

1.2 

1.2 

1.25 
1.2 
1.2 
1.2 
1.2 


1.46 
1.3 
1.3 
1.26 
1.2 

1.2 

1.2 

1.85 

1.3 

1.16 

1.3 
1.4 
1.25 
1.2 
1.16 

1.1 

1.06 

1.3 

1.6 

2.1 

1.95 

1.6 

1.36 

1.25 

1.15 

1.15 

1.15 

1.1 

1.05 

1.05 

1.06 


1.2 
1.1 
1.1 
1.3 
1.26 

1.3 

1.2 

1.15 

1.1 

1.1 

1.2 

1.1 

1.25 

1.1 

1.1 

1.2 
1.1 
1.1 
1.1 
1.1 

1.2 

1.1 

1.3 

1.85 

1.65 

2.3 
1.6 
1.4 
1.3 
1.2 
1.3 


1.06 

1.1 

1.1 

L06 

LO 

1.06 
1.05 
1.05 
1.05 
1.2 

1.16 
1.06 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
.9 
.9 

.86 
.96 
.9 
1.15 
1.7 

1.66 

1.46 

1.46 

1.4 

1.3 

1.4 


1.16 

1.1 

1.05 

1.06 

1.1 

1.0 
1.16 
1.35 
1.86 
1.4 

1.3 
1.3 
1.15 
1.2 
1.25 

1.06 
1.0 
1.0 
1.0 
1.1 

1.0 
1.0 
1.15 
1.16 
1.2 

3.0 
3.06 
2.2 
1.8 
1.66 
1.36 


1.3 

L46 

1.2 

1.3 

1.8 

1.8 
1.4 
1.3 
1.3 
1.46 

1.46 

1.7 

1.6 

1.46 

1.6 

1.36 

1.35 

1.35 

1.4 

1.4 

1.5 

1.6 

1.65 

6.9 

2.6 

1.96 
1.76 
1.66 
7.6 
4.6 


1.26 
1.26 
1.25 
1.25 
1.1 

1.1 

1.3 

1.25 

1.25 

1.15 

1.15 

1.15 

1.1 

1.2 

1.1 

1.1 
1.1 
1.0 
1.1 
.96 

.95 
.05 
.96 
1.05 
.96 

.96 
.96 
.96 
1.6 
1.3 


2.76 
2.3 
1.96 
2.0 
2.06 

1.86 

1.7 

3.45 

3.1 

2.25 

2.06 
1.96 
1.76 
1.66 
1.6 

1.56 
1.5 
1.5 
1.4 
1.4 

1.4 
1.4 
1.4 
1.35 
1.3 

1.36 

1.3 

4.0 

5.85 

4.1 

2.75 


1.15 

1.15 

1.1 

1.1 

1.0 

1.0 
.95 
1.0 
1.06 
1.0 

1.06 
1.0 
1.0 
1.0 
.96 

.96 
.95 
.96 
.96 
1.3 

1.35 
1.3 
1.35 
1.36 
1.6 

1.8 

3.1 

2.05 

2.85 

3.16 

2.8 


3.35 
2.25 
4.66 
2.75 
^35 

2.8 
7.5 
3.9 
3.1 
2. 95 

2.95 
X55 
X35 
X15 
2.05 

2.0 

1.95 

1.9 

3.5 

2.65 

2.45 
2.95 
2.45 
3.35 
6.35 

8.75 
3.2 
2.7 
2.5 
2.3 


2.0 
1.85 
1.8 
1.7 
1.6 

1.55 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.4 
1.4 
1.5 

1.5 
1.5 
1.5 
1.6 
1.85 

1.75 
1.7 
1.6 
1.6 
1.6 

1.6 
L65 
L6 
1.6 
L4 


olce  conditions  prevailed  from  about  January  18  to  March  13, 1907,  except  January  20  to  22,  which  i 
)robebIyopen. 

b  Discharge  probably  slightly  affected  by  ice  conditions  for  brief  periods  during  the  latter  part  of  Janoary, 
■     '    ■  --  •  •     jofD         *       


the  first  part  of  February,  and  portions  of  December,  1906. 
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Oase 
height. 

Dis- 
charge. 

heiX- 

Dis- 
charge. 

hei^. 

Dis- 
charge. 

heiX- 

Dis- 
charge. 

Feet. 

See^t. 

Feet. 

Sec.-ft. 

Feet. 

Sec-ft. 

Feet. 

See.^t. 

0.80 

140 

2.10 

1,440 

3.40 

3,610 

5.40 

7,980 

.90 

205 

2.20 

1,580 

3.50 

3,800 

5.60 

8,480 

1.00 

276 

2.30 

1,730 

3.60 

4,000 

5.80 

8,960 

1.10 

350 

2.40 

1,890 

3.70 

4,200 

6.00 

9,500 

1.20 

430 

2.50 

2,060 

3.80 

4,400 

6.20 

10,030 

1.30 

520 

2.60 

2,210 

3.90 

4,600 

6.40 

10,670 

1.40 

615 

2.70 

2,370 

4.00 

4,800 

6.60 

11,120 

1.50 

715 

2.80 

2,540 

4.20 

6,220 

6.80 

11,680 

1.60 

820 

2.90 

2,710 

4.40 

5,660 

7.00 

12,250 

1.70 

930 

3.00 

2,880 

4.60 

6,100 

8.00 

16,200 

1.80 

1,060 

3.10 

3,060 

4.80 

6,660 
7^020 

1.90 

1,170 

3.20 

3,240 

6.00 

2.00 

1,300 

3.30 

3,420 

6.20 

7,500 

None.— The  above  table  is  not  applicable  for  ice  or  obstructed  channel  conditions.  It  is  based  on  15  dl» 
ehargie  measurements  made  during  1903-1906  and  is  well  defined  between  gage  heights  1.0  foot  and  4.0  feet. 
The  extension  is  based  on  one  high-water  measurement  at  gage  height  7.35  feet 

Monthly  dkcharge  of  Raritan  River  at  Boundhrook,  N.  J.,  for  1907-8. 
[Drainage  area,  800  square  miles.] 


Month. 


January 

February.. 

March 

April 

Jfi^y 

June 

July 

August 

September. 
October. . . . 
November. 
December.. 


1907.« 


Discharge  in  second-feet. 


Maximum. 


8,360 


The  year. 


January 

February.. 

March 

April 

Jfi^y 

June 

July 

August 

September. 

October 

November.. 
December.. 


1908.» 


The  year. 


14,900 
2,370 
5,120 
2,130 
1,440 
930 

13,700 
9,110 

13,700 

10,300 


14,900 


Minimum. 


715 
715 
390 
312 
172 
430 
520 
1,170 
1,050 


172 


Mean. 


2,240 

500 

3,140 

1,160 

1.360 

694 

539 

381 

1,660 

1,700 

3,060 

2,620 


1,590 


10,600 

11,500 

7,380 

1,810 

12,200 

2,290 

1.730 

2,970 

715 

3,150 

1,300 

3,800 


12,200 


930 
1,170 
1,110 
520 
615 
430 
350 
275 
240 
240 
615 
568 


240 


2,320 

3,230 

1,970 

855 

2,720 

747 

512 

633 

372 

707 

810 

1,180 


1,340 


Per 
square 
mile. 


2.80 

.625 

3.92 

1.45 

1.70 

.868 

.674 

.476 

2.08 

2.12 

3.82 

3.28 


l.S 


2.90 
4.04 
2.46 
1.07 
3.40 
.934 
.640 
.791 
.465 
.884 
1.01 
1.48 


1.67 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


Accu- 
racy. 


3.23 

.66 

4.62 

1.62 

1.96 

.97 

.78 

.65 

2.32 

2.44 

4.26 

3.78 


27.08 


3.34 

4.36 

2.84 

1.19 

3.92 

1.04 

.74 

.91 

.52 

1.02 

1.13 

1.71 


22.72 


a 

D. 

c. 

B. 
B. 
B. 
B. 
C. 
B. 
B. 
B. 
B. 


•  Discharge  during  the  frozen  period,  1907,  estimated  on  the  basis  of  the  discharge  at  Findeme  and  clima- 
tological  reports. 

Seoond>feet. 

Discbarge  January  18  to  19, 1907 1,450 

January  23  to  31, 1907 1,440 

February  1  to  28, 1907 500 

March  1  to  13, 1907 900 

ft  The  open-channel  rating  was  applied  throughout  1908.    Values  above  for  January,  February,  and 
December  may  be  slightly  in  excess  on  account  of  ice  conditions. 


Digitized  by  VjOOQIC 


246  8UBFACE  WATEB  SUPPLY,  1907-6. 

DEIiAWARE  RIVER  DRAINAOE  BASIN. 

DESCRIPTION. 

The  headwaters  of  Delaware  River  are  found  in  Delaware,  Greene, 
and  Schoharie  counties,  N.  Y.  The  East  Branch,  wiiich  may  be 
considered  the  main  stream,  rises  at  Grand  Gorge  in  northeastern 
Delaware  County;  the  West  Branch  *  has  its  source  in  a  small  lake 
almost  on  the  line  of  Schoharie  and  Delaware  coimties,  at  an  eleva- 
tion of  1,886  feet  above  tide;  the  two  streiuns  unite  at  Hancock. 
From  tliis  junction  point  the  river  flows  southeastward  imtil  it 
reaches  Port  Jervis,  where  it  tmns  to  the  southwest  and  flows  for  a 
distance  of  about  40  miles  along  the  base  of  the  Shawangunk  Range 
until  it  passes  tlu^ough  the  water  gap,  from  which  point  it  flows  in 
an  irregular  southerly  direction  to  Trenton.  Below  Trenton  its 
course  is  in  general  southwestward  to  Delaware  Bay.  Between 
Hancock  and  Port  Jervis  it  forms  the  dividing  line  between  New 
York  and  Pennsylvania;  south  of  Port  Jervis  it  separates  Pennsyl- 
vania from  New  Jersey  and,  for  a  few  miles,  Delaware  from  New 
Jersey. 

The  drainage  area  of  Delaware  River,  measured  at  Philadelphia 
and  including  that  of  Schuylkill  River,  is  about  10,100  square  miles, 
of  which  about  2,580  square  miles  lie  in  New  York,  5,720  in  Penn- 
sylvania, and  1,800  in  New  Jersey.  The  river  is  tidal  to  Trenton, 
wliich  lies  also  at  the  head  of  navigation. 

The  Delaware  receives  a  number  of  important  tributaries,  among 
which  may  be  mentioned  Mongaup  and  Neversink  rivers  and  Calli- 
coon  Creek  from  New  York;  Lackawaxen,  Lehigh,  and  Schuylkill 
rivers  and  numerous  creeks  from  Pennsylvania,  and  Rancocas  Creek, 
Musconotcong  River,  and  Maurice  River  from  New  Jersey. 

Gaging  stations  have  been  maintained  in  the  Delaware  Basin  at 
the  following  points: 

Eaflt  Branch  Delaware  River  at  Hancock,  N.  J.  (1902-1908). 
Delaware  River  at  Port  Jervis,  N.  Y.  (1904-1908). 
Delaware  River  at  Riegelsville,  N.  J.  (1906-1908). 
Delaware  River  at  Lambertville,  N.  J.  (1897-1908). 
West  Rranch  Delaware  River  at  Hancock,  N.  Y.  (1902-1908). 
NeverHink  River  at  CuKleffroy,  N.  Y.  (1903). 
Nevernink  River  at  Port  Jervis,  N.  Y.  (1902-1903). 
Paulinfl  Kill  at  Columbia,  N.  J.  (1908). 
Lehigh  River  at  South  Bethlehem,  Pa.  (1902-1905). 
Muw'onetcong  River  at  Anburj',  N.  J.  (1903). 
Mufloonetcong  River  near  Bloomsbury,  N.  J.  (1903-1907). 
Tohickon  Creek  at  Point  Pleasant,  Pa.  (1883-1908). 
Neshaminy  Oeek  below  Forks,  Pa.  (1884-1908). 
Schuylkill  River  near  Philadelphia,  Pa.  (1898-1908). 
Perkiomen  Creek  near  Frederick,  Pa.  (1884-1908).    - 
Wissahickon  Creek  at  Philadelphia,  Pa.  (1897-1906). 

a  This  branch  wfw  formerly  dcaorlbetl  as  the  main  stream,  but  recent  careful  measorements  show  th« 
drainage  area  of  the  East  Hranch  to  be  considerably  larger  than  that  of  the  West  Branch. 
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EAST   BRANCH   OF  DELAWARE   RIVER  AT  HANOOGK;   N.   T. 

This  station  is  located  at  the  highway  bridge  one-half  mile  south- 
east of  the  Erie  Railroad  station  at  Hancock,  N.  Y.,  and  about  1  mile 
above  the  jimction  of  the  East  and  West  branches  of  Delaware 
River.  The  Erie  Railroad  bridge  is  just  below  the  gaging  station. 
It  was  established  October  14,  1902,  and  has  since  been  maintained 
in  cooperation  with  the  New  York  State  engineer  department,  and 
during  the  last  year  with  the  United  States  Weather  Bureau. 

The  station  was  established  to  obtain  general  statistical  and  com- 
parative data  regarding  the  flow  of  Delaware  River  for  power  and 
navigation  purposes. 

Beaver  Kill,  which  drains  a  portion  of  SuUivan  and  Ulster  counties, 
is  the  nearest  important  tributary  to  East  Branch  of  Delaware  River. 
It  enters  from  the  left  about  10  miles  above  the  gaging  station. 

The  datum  of  the  chain  gage  has  remained  the  same  since  the  es- 
tablishment of  the  station.  Conditions  for  accurate  ratings  can  not 
be  considered  good.  The  high-water  stage  of  East  Branch  is  prob- 
ably affected  by  backwater  due  to  gorging  at  its  junction  with  West 
Branch.  Low-water  discharge  is  controlled  by  a  rift  just  below  the 
Erie  Railroad  bridge,  but  frequent  changes  in  conditions  of  flow 
require  many  measurements  and  new  ratings  each  year.  During  the 
winter  months  the  discharge  is  affected  by  needle  ice  jamming  on 
these  rifts  and  causing  backwater  at  the  station. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water  supply  commission,  of  New  York,  and  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  meaaurements  of  East  Branch  Delaware  River  at  Hancockf  N,   F.,  in  1907-8, 


Date. 

Width. 

Area  of 
section. 

Gaee 
height. 

Dis- 
charge. 

1907. 
Jane  21 

Wood  ftnd  Hoyt. . . . 

Feet. 
283 

178 
178 
250 

726 

242 
248 
362 

Feet. 
3.30 

2.34 
2.27 
2.52 

"'^'- 

1906. 
September  4.... 

October  23 

C.  R.  Adams 

00.6 

do 

00.7 

Wood  and  French 

162 
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SURFACE  WATBB  SUPPLY,  1907-6. 


Daily  gage  heighty  infut,  of  Eazi  Branch  Delaware  River  at  Hancock,  N,  Y.Jor  1907-8. 

[D.  B.  Van  Etten,  observer.] 


Day. 


Jan.     Feb.     Mar.     Apr.     May.    June.    July.     Aug.    Bept     Oct.    Nov.  <  Dec 


1. 
2. 
3. 
4, 
5. 

«.' 

7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16. 

16. 
17. 
18.. 
19. 
20. 

21., 
22. 
23. 
24. 
25. 

26.. 
27.. 
28  . 
29.. 
30.. 
31. 


Ifl07.« 


11. 
12. 
13. 
14. 
15. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


&65 

5.4 

4.95 

5.15 

5.3 

4.85 

4.7 

5.4 

5.35 

4.85 

4.75 

4.5 

4.4 

4.3 

4.45 

4.15 

4.3 

3.8 

4.2 

4.7 

4.95 
4.15 
3.85 
4.75 
8.25 

5.25 


4.8 
4.6 
4.4 
4.2 
4.3 

6.2 
6.2 
6.3 
4.0 
3.7 

3.6 
3.8 
5.6 
5.2 
4.4 

4.4 
4.1 
3.9 
3.9 
3.7 

3.7 
3.7 
3.7 
3.5 
3.4 

3.8 
3.7 
3.6 
3.5 
3.2 
3.9 


4.4 

3.8 
3.7 
3.9 
3.9 

4.8 
4.9 
4.9 
4.7 

4.8 

4.7 
4.6 
4.7 
4.7 
5.0 

10.7 
£.4 

5.6 
4.8 
4.4 

4.1 
4.2 
3.7 
3.6 
3.6 

3.6 
4.1 
3.9 
3.1 


7.7 

6.0 
5.65 
5.55 
5.65 

4.8 

4.55 

4.75 

6.3 

7.0 

6.15 

6.75 

5.46 

5.95 

6.4 

6.1 

5.4 


3.5 
4.0 
4.4 
4.0 
3.7 

3.5 
3.5 
3.5 
3.4 
3.6 

3.6 
3.5 
4.1 

6.4 
6.0 

7.3 
6.5 

4.8 
4.9 
6.1 

4.4 

4.6 
4.5 
6.3 
6.4 

6.5 
6.2 
7.9 
9.2 
7.5 
6.4 


6.0 
4.7 
4.5 
4.3 
4.25 

4.15 

3.95 

3.9 

4.0 

4.0 

3.9 

4.15 

4.1 

4.3 

4.15 

4.05 

4.0 

3.95 

3.9 

3.85 

3.75 

3.7 

3.75 

4.3 

4.95 

4.8 

4.75 

4.55 

4.4 

4.3 


5.6 
6.6 
5.2 
4.9 
4.7 

4.6 
4.9 
6.1 
6.8 
6.3 

5.7 
5.4 
6.1 
4.9 
4.6 

6.6 
5.1 
4.8 
6.0 
5.2 

4.8 
4.7 
4.6 
4.4 
4.4 

4.4 

4.2 
4.5 
4.6 
4.2 


4.3 

4.15 

4.10 

4.05 

4.5 

4.15 

4.3 

4.55 

4.45 

4.45 

4.3 

4.2 

4.1 

3.96 

3.86 

3.85 

4.3 

4.15 

4.0 

3.95 

3.8 

3.7 

3.7 

3.65 

3.55 

3.55 

3.75 

3.9 

3.76 

3.6 

3.6 


6.3 
5.8 
5.7 
5.4 
6.0 

4.7 
4.6 
6.4 
6.7 
5.0 

5.2 
4.8 
4.7 
4.6 
4.5 

4.4 

4.2 
4.0 
3.9 
3.8 

3.8 
3.8 
6.3 
4.8 
4.6 

4.3 
4.1 
4.0 
3.9 
3.8 
3.9 


3.5 

3.55 

4.05 

3.8 

3.7 

4.15 

4.1 

4.0 

3.9 

3.8 

3.7 

3.65 

3.6 

3.5 

3.45 

3.36 

3.3 

3.2 

3.2 

3.5 

3.35 

3.15 

3.05 

3.0 

2.95 

2.9 
2.9 
3.0 
2.9 
3.05 


3.9 
3.7 
3.5 
3.5 
3.4 

3.2 
3.2 
3.2 
3.0 
3.2 

3.3 
3.0 
3.1 
3.0 
2.9 

3.1 
3.3 
3.0 
3.0 
2.9 

2.8 
2.8 
2.8 
2.7 
2.8 

2.9 
2.7 
2.8 
2.7 
2.6 


2.7 
2.6 
3.2 
2.8 
3.2 

3.1 
2.8 
2.9 
2.7 
2.7 

2.7 
2.6 
2.6 
2.5 
2.6 

2.6 
2.6 
2.6 
2.5 
2.7 

2.6 
2.6 
2.6 
2.5 
3.6 

3.9 
3.2 
3.1 
2.9 
2.9 
2.8 


2.6 
2.4 
2.4 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.2 
2.2 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.2 
2.2 


2.8 
2.6 
2.7 
2.6 
2.7 

2.7 
2.6 
2.7 
2.6 
2.6 

2.6 
2.6 
2.5 
2.4 
2.5 

2.5 
2.4 
2.6 
2.5 
2.5 

2.4 
2.4 
2.6 
2.4 
2.5 

2.4 
2.4 
2.6 
2.4 
2.4 
2.4 


2.2 
2.2 
2.3 
2.6 
2.8 

2.7 
2.7 
2.6 
2.6 
2.6 

2.8 
4.1 
3.5 
3.1 
2.9 

2.8 
2.7 
2.7 
2.6 
2.6 

2.6 
2.6 
2.7 
2.8 
3.1 

2.9 

2.8 
2.7 
2.8 
3.6 


2.4 
2.3 
2.4 
2.3 
2.4 

2.4 
2.4 
2.5 
2.3 
2.4 

2.4 
2.3 
2.4 
2.3 
2.4 

2.4 
2.3 
2.3 
2.2 
2.3 

2.3 
2.2 
2.3 
2.3 
2.4 

2.3 
2.2 
2.3 
2.8 
3.4 


3.5 
3.3 
3.1 
3.2 
5.1 

4.4 

4.1 
3.9 
4.9 
4.3 

4.1 
4.0 
4.0 
3,8 
3.7 

3.6 
3.6 
3.4 
3.3 
3.3 

3.2 
3.4 
3.3 
3.4 
3.4 

3.3 
3.2 
3.6 
7.4 
6.1 
5.3 


3.0 
2.8 
3.0 
2.8 
2.8 

2.8 
2.6 
2.6 
2.5 
2.6 

2.7 
2.7 
2.8 
2.6 
2.7 

2.7 
2.6 
2.6 
2.6 
2.6 

2.6 
2.5 
2.6 
2.5 
2.5 

2.5 
3.1 
3.5 
6.2 
4.4 
4.0 


4.8 
4.6 

&8 
&0 

5.8 

4.9 

8.8 
8.3 

a4 

5.6 

5.3 
4.9 
4.6 
4.5 
4.3 

4.1 
4.0 
3.9 
3.8 
3.8 

3.7 
3.8 

3.8 
3.7 
3.7 

3.7 
3.7 
3,6 
3.6 
3.6 


3.7 
3.6 
3.4 
3.4 
3.3 

3.3 
3.2 
3.2 
3.2 
3.2 

3.2 
3.2 
3.3 
3.2 
3.2 

3.2 
3.2 
3.2 
3.3 
3,2 

3,2 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3,1 
3.0 


o  Ice  conditions  prevailed  from  about  January  24  to  about  March  15, 1907. 

b  Ice  condltlooa  January  6  to  8,  January  31  to  February  15,  March  2  to  3,  and  December  4  to  31,  lfl» 
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Rating  tahles/or  Ea$t  Branch  Delaware  River  at  Hancock,  N.  Y. 

1907. 


hdX. 

Dis- 
charge. 

hei^. 

Dis- 
charge. 

hSX. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

Fut. 

8ee.-ft. 

Pea. 

aec,-ft. 

Feet. 

See.-ft, 

Feet. 

8ec.-ft. 

2.20 

104 

3.60 

1,340 

5.00 

4,000 

6.80 

9,460 

2.30 

143 

3.70 

1,480 

5.10 

4,240 

7.00 

10,210 

2.40 

187 

3.80 

1,630 

5.20 

4,490 

7.20 

10,980 

2.50 

237 

3.90 

1,790 

5.30 

4,750 

7.40 

11,760 

2.60 

205 

4.00 

1,960 

5.40 

5,020 

7.60 

12,560 

2.70 

360 

4.10 

2,130 

5.50 

5,290 

7.80 

13,360 

2.80 

435 

4.20 

2,310 

6.60 

6,570 

8.00 

14,200 

2.90 

520 

4.30 

2,500 

5.70 

5,850 

8.20 

15,040 

3.00 

615 

4.40 

2,000 

5.80 

6,140 

8.40 

15,920 

3.10 

720 

4.50 

2,890 

5.90 

6,435 

8.60 

16,820 

3.20 

830 

4.60 

3,100 

6.00 

6,735 

8.80 

17,760 

3.30 

950 

4.70 

3,320 

6.20 

7,365 

9.00 

18,740 

3.40 

1,070 

4.80 

3,540 

6.40 

8,025 

10.00 

23,960 

3.fiO 

1,200 

4.90 

3,770 

6.60 

8,730 

11.00 

29,520 

NoTK. — This  table  is  not  applicable  for  ice  or  obstructed  channel  conditions.  It  is  baaed  on  1  discharge 
measuremient  made  during  1907,  the  form  of  the  1908  ratine  curve,  and  interoomparisons  of  discharge  at 
Part  Jervis  and  adjoining  stations.  It  is  f^ly  well  deflned  below  gage  height  8  feet.  The  above  table 
has  been  revised,  and  dilTers  considerably  from  that  published  in  the  report  of  the  state  engineer  and 
sarveyor.  State  of  New  York,  on  the  basis  of  recent  stuoies  and  interoompansons. 

1908. 


2.20 

53 

3.10 

625 

4.00 

1,770 

4.90 

3,710 

2.30 

80 

3.20 

620 

4.10 

1,960 

6.00 

3,960 

2.40 

113 

3.30 

725 

4.20 

2,150 

6.10 

4,215 

2.50 

153 

3.40 

840 

4.30 

2,350 

5.20 

4,475 

2.60 

196 

3.50 

970 

4.40 

2,560 

5.30 

4,740 

2.70 

248 

3.60 

1,110 

4.50 

2,780 

6.40 

5,010 

2.80 

304 

3.70 

1,280 

4.60 

3,000 

5.50 

6,285 

2.90 

367 

3.80 

1,420 

4.70 

3,230 

6.60 

5,565 

3.00 

440 

3.90 

1,500 

4.80 

3,470 

Note. — This  table  is  not  applicable  for  ice  or  obstructed  channel  conditions.  It  is  based  on  3  discharge 
measurements  made  durlnc  1908,  and  on  the  form  of  earlier  rating  curves.  It  is  well  defined  below  gage 
height  8  feet.    Above  gage  height  6.6  feet  it  is  the  same  as  the  1907  table. 
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Monthly  diicharge  of  East  Branch  Delaware  River  at  Hancock,  N.   Y.,  for  1907S. 
[Drainage  area,  990  square  miles.] 


Month. 


Discharge  in  seoond-feet. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-off 

drainage     "**^- 
aiea). 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

Noveml)er.. 
December.. 


1907.0 


8,910 


10,200 
4,000 
3.000 
2,220 


1,480 

1,270 

620 


2,130 
11,800 
17,800 
26,100 


104 
104 
720 
1,840 
950 


2,810 

4fiO 

3,570 

2,380 

2,000 

1,170 

fiOO 

182 

486 

2,170 

4,020 

4,320 


3.06 
.489 
3.88 
2.60 
2.17 
1.27 
.643 
.198 
.528 
2.36 
4.37 
4.70 


3.52 
.51 
4.47 
2.80 
2.60 
1.42 
.63 


,23  '  C. 
.60     B. 


2.72 
4.88 


&42     B. 


The  year. 


26,100 


104 


2,000 


2.18 


29.78 


January 

February.. 

March 

April 

May 

Juno 

July 

August 

September. 

October 

November. 
December.. 


1908.b 


5,560 

27,800 

19,700 

9,460 

8,020 

1,600 

1,600 

304 

840 

4,480 

1,260 


620 


840 
2,150 
1,420 
108 
153 
113 
53 
153 
440 


1,830 

2,370 

4,680 

4,040 

3,390 

546 

362 

167 

126 

529 

665 

350 


1.99 

2.58 

5.09 

4.39 

3.68 

.603 

.393 

.182 

.136 

.576 

.712 

.380 


2.29 
2L78 
&87 
4.90 
4.24 


B. 
B. 
A. 
B. 
B. 


.66  I  B. 


.46 
.21 
,15 
.06 
.79 
.44 


The  year. 


27,800 


63 


1,600 


1.73 


23.44 


a  Discharge  during  the  frozen  period  and  July  1  to  August  7. 1907,  estimated  on  the  basis  of  the  discharge 
of  West  Branch  Delaware  River  at  Hancock,  N.  Y.,  Delaware  River  at  Port  Jervis,  N.  Y.,  and  (dimato- 
logical  reports. 

Second-feet 

Discharge  January  24  to  31, 1907 700 

March  1  to  14, 1907 300 

March  15, 1907 10,000 

August  1  to  7, 1907 30O 

See  rating  table  footnote. 

b  Discharge  during  the  periods  of  ice  conditions  for  1908  determined  from  Delaware  River  at  Port  Jerrls 
and  West  Branch  Delaware  River  at  Hancock. 

Second-feet. 

Discharge  January  6  to  8, 1908 1,500 

January  31, 1908 620 

February  1  to  15, 1908 573 

March  2  to  3, 1908 , 1,000 

December  4  to  31, 1908 343 

DELAWARE  RIVER  AT  PORT  JERVIS,  N.  T. 

This  station  is  located  at  the  toll  bridge  over  the  Delaware  River  at 
Port  Jervis.  It  was  established  for  the  United  States  Weather 
Bureau  by  Irving  Righter,  city  engineer,  Port  Jervis,  N.  Y.,  October 
12,  1904. 

This  station  is  maintained  for  the  piupose  of  flood  predictions  by 
the  Weather  Bureau  and  the  records  of  gage  heights  are  supplied  to 
the  Geological  Survey  for  the  purpose  of  determining  the  regimen  of 
flow  of  the  upper  Delaware  drainage. 

Mongaup  River  enters  the  Delaware  from  the  north  about  6  miles 
above  the  station,  and  Neversink  River,  also  from  the  north,  enters 
about  1  mile  below  the  station. 
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The  river  section  islsiffected  by  ice  to  a  greater  or  less  extent  each 
winter. 

Considerable  difficulty  has  been  experienced  in  maintaining  the 
datum  of  the  chain  gage  constant.  September  4,  1908,  a  careful 
investigation  was  made  and  in  order  to  avoid  negative  readings  a 
change  in  the  original  datum,  as  nearly  as  it  could  be  determined,  of 
about  2  feet  was  made.  The  new  chain  length  set  on  this  date  was 
36.47  feet  from  rivet  marker  to  the  end  of  the  weight.  The  relation 
between  the  gage  datiun  and  the  following  bench  marks  was 
determined. 

Port  Jervis  city  bench  mark,  from  which  the  gage  was  originally 
established,  is  a  cross  located  on  the  doorsill  of  the  schoolhouse  on 
Thompson  street  near  Water  street.  Elevation  above  gage  datum, 
27.75  feet. 

Bench  mark  No.  2,  top  of  downstream  left  comer  of  pier.  Eleva- 
tion above  gage  datum,  29.92  feet. 

Bench  mark  No.  3,  top  of  right  abutment  at  apex  of  angle  caused 
by  junction  of  downstream  wing  wall.  Elevation  above  gage  datum, 
29.02   feet. 

The  elevation  of  the  datum  of  the  gage  is  414.89  feet  above  mean 
sea  level.  A  varying  correction  of  from  +1.7  to  +2.0  feet  has 
been  applied  to  gage  heights  prior  to  September  4, 1908,  as  given  below. 

Conditions  of  flow  at  this  point  are  constant  and  a  good  rating  has 
been  developed  for  low  and  medimn  stages.  Careful  comparisons  of 
this  station  with  the  Riegelsville  and  the  two  Hancock  stations 
indicate  that  the  corrections  applied  to  the  gage  heights  were  essen- 
tially correct  and  that  the  discharge  data  can  be  fully  relied  on. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  the  state  water  supply  commission,  of  New  York,  and  of 
the  state  engineer  and  surveyor.  State  of  New  York. 

Discharge  measurements  of  Delaware  River  at  Port  Jervis^  N.  F.,  in  1906-1908. 


Date. 


1906. 
November  2... 
Noyember6... 
November  10.. 
November  12.. 
November  19.. 

1907. 
Jaooary  5 


1908. 

May  10 

May  11 

August  29a 

September  3  a.. 
September  5  a.. 
September  20  ft. 


Uydrographer. 


Hoytand  Cooke.. 

C.H.Cooke 

....do 

....do 

....do 


C.  H.  Cooke. 


Henshaw  and  Barrows. 

....do 

C.  E.  Ryder 

R.  H.  Bolster 

O.C.Stevens 

K.C.Orant 


Width. 


Feet. 
500 
568 
540 
550 
590 


605 


627 
611 


491 


Area  of 
section. 


2,680 
2,380 
2,100 
2,240 
2,890 


4,410 


4,850 
4,310 
1,200 
1,060 
1,060 


Gage 
he@it 


Feet. 
3.49 
2.99 
2.50 
2.79 
3.89 


6.28 


7.08 

6.27 

1.00 

.85 


Dis- 
charge. 


Sec.-ft. 
4,350 
3.480 
2,440 
2,820 
7,540 


15,400 


20,500 
15,700 
407 
310 
315 
226 


a  Measured  from  upstream  side  of  bridge. 


t>  Left  cliannel  measured  by  wading. 
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Daily  gage  height,  in  feet,  of  Delaware  River  at  Port  JervU,  N.  T.,/ar  190^-1908. 


Day. 

Oct. 

Nov. 

D60.      j 

Day. 

Oct. 

Nov. 

D60. 

Day. 

Oct. 

Not. 

Dec 

1904.a 
1 

8.3 
3.2 
3.1 
8.0 
8.0 

2.9 
2.8 
2.9 
2.8 
2.8 

3.1 
3.1 
3.1 
8.1 
2.9 

2.8 
2.6 
2.6 
2.6 
2.5 

1904.* 
u 

2.7 
2.7 
2.7 
2.9 
2.8 

2.8 
2.8 
2.9 
2.8 
2.8 

t 
2.5 
2.5 
2.7 
2.9 
2.6 

3.1 
2.8 
2.8 
2.9 
2.9 

1 

1904.a 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 

3.0 
10.7 
7.5 
6ul 
5.3 

4.7 
4.5 
4.2 
3.9 
8.5 
3.4 

2.8 
3.6 
3.2 
4.0 
3.8 

3.8 
3,6 
3.3 
3,1 
3.1 

2.7 

2 

12 

2.9 

8 

13 

14 

15 

16 

17 

18 

19 

20 

2.7 
3.8 
8.7 

3.3 
3.1 
8.0 
2.9 
2.8 

17 

4 

18 

5 

11 

6 

3.6 

7 

3.7 

8 

3.8 

9 

10 

« 

7.5 
5.6 

5.0 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1906.6 
1 

4.5 
4.6 
4.9 
5.0 
4.1 

4.1 
5.4 
9.6 
7.8 
6.5 

5.7 
5.1 
5.1 
5.9 
4.8 

4.8 
4.6 
3.7 
3.8 
4.0 

3.8 
3.6 
3.4 
3.2 
3.0 

3.0 
3.0 
3.0 
2.7 
3.  a 
3.1 

3.6 
3.1 
3.0 
2.9 
3.4 

4.3 
3.7 
3.3 
3.1 

2.8 

2.9 
2.8 
3.3 
8.4 
3.6 

2.9 
2.7 
3.3 
8.4 
3.4 

..'..','.. 

8.0 
7.0 
6.1 
5.6 
5.4 

6.6 
6.2 
5.8 
5.4 
5.1 

5.0 
5.0 
5.3 
4.9 
4.6 

4.5 
4.2 
4.1 
4.0 
3.8 

3.9 
4,1 
4.1 
3.8 
3.6 

3.5 
3.5 
3.4 
3.3 
3.3 

6.9 
6.2 
5.7 
5.7 
6.2 

7.1 
7.3 
6.3 
6.9 
6.9 

9.0 
8.1 
7.1 
6.5 
7.9 

3.2 
3.2 
3.1 
3.0 
2.9 

2.8 
2.9 
3.0 
3.0 
2.8 

2.7 
2.7 
2.8 
3.0 
2.8 

2.8 
2.8 
2.9 
2.9 
2.8 

2.8 
2.7 
2.7 
2.6 
2.6 

2.5 
2.4 
2.5 
2.4 
2.4 
2.3 

3.6 
■     3.6 
3.5 
3.6 
3.6 

3.5 
8.4 
3.4 
3.4 
3.5 

3.6 
3.5 
3.3 
3.2 
3.2 

2.3 
2.1 
2.1 
2.1 
2.1 

2.1 
2.2 
3.3 
8.1 
2.9 

2.7 
2.7 
2.6 
2.8 
2.8 

2,7 
2.6 
2.6 
2.1 
2.2 

2.4 
2.4 
2.6 
2.8 
2.8 

2.6 
14 
13 
11 
10 

4.2 
4,0 
3.7 
3.6 
3.3 

3.9 
4.5 
4.2 
4.1 
3.9 

4.9 
4.8 
4.1 
3.8 
3.6 

1.9 
1.9 
10 
3.3 
18 

14 
12 
11 
11 
1.9 

11 
1.9 
1.9 
1.8 
1.8 

1. 

1.9 

1.9 

1.8 

1.7 

1.6 
1.9 
1.9 
1.7 
1.7 

1.6 
1.7 
1.7 
1.7 
1.7 
12 

3.3 
3.5 
3.8 
4.0 
4.1 

3.8 
3.4 
8.1 
19 
18 

18 
16 
14 
13 
12 

16 
16 
15 
2.4 
13 

11 
10 
1.9 
1.7 
1.9 

1.9 
1.7 
1.6 
1.9 
14 

14 
3.0 
3.1 
18 
14 

12 
11 
11 
10 
10 

11 
10 
1.9 
1.9 
1.7 
1.9 

8.2 
19 
17 
3.3 
3.1 

3.0 
17 
16 
3.5 
3.2 

19 
17 
15 
14 
13 

8,8 
8.0 
10 
3.9 
5.7 

4.9 
4.3 
8.8 
8.4 
3.2 

2.9 
4.6 
5.8 
4.7 
4.1 

3.7 
3.4 
3.4 
3.4 
4.1 

4.1 
4.9 
4.3 
8.8 
3.6 

3.8 
3,2 
3.0 
19 
2.8 

2.6 
2.5 
15 
14 
18 

12 
10 
1.9 
1.9 
1.9 

1.8 
1.8 
1.8 
10 
11 

17 
16 
15 
16 
17 

2.6 
15 
2.8 
12 
12 

11 
8.2 
4.5 
4.1 
8.8 

3.2 
3.0 
19 

18 
2.9 

4.1 
4.0 
3.6 
3.3 
3,3 

3.2 
3.1 
3.1 
3.0 
19 
18 

1.8 
2,0 
2.0 
1.8 

1.8 

2.1 
12 
11 
11 
12 

11 
11 
11 
11 
10 

18 
18 
17 
16 
16 

2.6 
17 
3.2 
8,1 
8.1 

3.0 
19 
18 
18 
17 

17 
2.6 
16 
16 
15 

14 
13 
13 
13 
13 

13 
12 
12 
14 
6.0 

8.5 
3.5 
3.4 
3.2 
3.0 

3.0 
3.0 
18 
17 
16 

16 
18 
3.0 
3.0 
19 

6.0 

2 

47 

3 

4.6 

4 

ia3 

5 

7.8 

6 

6.3 

7 

5.5 

8 

5.1 

9 

4.7 

10 

4.4 

U 

4.1 

12 

3.9 

13 

18 

14 

16 

15 

14 

16 

13 

17 

12 

18 

2.9 

19 





3.7 
3.6 
3.5 
3.5 
2.7 

2.8 
2.6 
2.6 
2.4 

5.1 

10.7 

9.5 

8.5 
8.1 
7.7 

7.8 

11.6 
10.9 
11.0 
9.6 
9.2 
8.8 

3.7 
3.2 
3.5 
9.1 
9.3 

6.3 

5.6 
6.1 
4.8 
4.8 

4.4 

4.1 
4.0 
3.7 
3.5 

2.9 

20 

10 

21  

U 

22 

4.1 

23 

4.6 

24 

4.2 

25 

17 

26 

15 

27 

12 

28 

11 

29 

12 

30      

17 

31 

17 

1906.e 
1 

11 

2 

IS 

3     

11 

4 

17 

5     

3.0 

6 

18 

7 

10 

8 

5.0 

9 

19 

10 

16 

11 

4.1 

12 

4.0 

13 

17 

14 

16 

15 

17 

aloe  conditions  in  left  channel  from  about  December  13  to  28, 1904. 
b  Ice  conditions  from  about  January  24  to  March  18. 1905. 

c  River  frozen  February  10  to  22, 1906.    It  Is  not  probable  that  Ice  conditions  materiallyaffeoted  the  flow 
at  any  other  period. 
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Daily  gage  heigkiy  in  fui^  of  Delaware  River  at  Port  JerviSy  N,  F.,  for  1904^1908-~Con. 


Day. 


1906. 


1907.il 


1908.6 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

3.3 

3.6 

11.4 

3.2 

3.5 

2.2 

2.2 

2.1 

1.9 

2.8 

3.7 

3.3 

3.3 

8.9 

3.1 

3.7 

2.2 

2.1 

2.1 

1.9 

2.8 

4.8 

3.2 

3.3 

7.4 

3.3 

6.2 

2.2 

2.0 

2.2 

1.9 

2.9 

4.1 

3.1 

3.2 

6.6 

8.8 

6.3 

2.3 

1.9 

2.2 

1.9 

3.9 

3.6 

3.1 

3.2 

6.9 

3.6 

6.7 

2.3 

1.9 

2.2 

2.0 

6.7 

3.8 

2.9 

2.9 

6.5 

3.3 

6.5 

2.3 

1.9 

1.9 

6.2 

6.9 

3.2 

3.8 

3.0 

6.1 

3.1 

4.7 

3.3 

2.0 

2.3 

4.7 

6.7 

4.0 

6.7 

6.7 

2.9 

4.8 

2.9 

4.4 

3.5 

2.9 

2.2 

4.0 

6.3 

8.8 

0.3 

6.1 

2.7 

6.1 

2.9 

4.1 

3.5 

2.8 

2.1 

3.7 

4.8 

3.3 

6.7 

6.0 

2.7 

4.7 

2.8 

3.9 

3.2 

2.5 

2.4 

3.6 

4.6 

2.8 

6.6 

6.2 

2,7 

4.6 

2.7 

3.6 

2.9 

2.4 

2.1 

4.0 

4.1 

2.8 

4.8 

6.6 

3.0 

4.3 

2.6 

3.3 

2.6 

2.4 

1.9 

4.2 

4.0 

3.0 

4.7 

4.7 

4.7 

4.1 

4.2 

3.1 

2.5 

2.3 

1.8 

8.8 

3.8 

3.3 

4.6 

7.4 

3.9 

5.5 

3.0 

2.5 

8.7 

1.8 

3.9 

3.7 

3.3 

4.1 

6.4 

3.7 

6.4 

3.4 

2.6 

3.3 

1.8 

3.7 

3.5 

3.3 

3.8 

6.5 

6.6 

3.1 

2.9 

3.6 

<*...... 

3.4 

9.0 

3.4 

4.1 

6.4 

4.2 

3.0 

2.7 

1.5 

0.9 

3.3 

4.8 

3.4 

7.2 

3.3 

4.3 

6.0 

4.0 

3.0 

2.7 

1.4 

.9 

3.2 

4.4 

3.3 

6.9 

3.4 

4.6 

4.5 

4.0 

3.9 

2.5 

1.6 

.8 

2.9 

6.2 

3.3 

6.5 

3.6 

4.5 

4.3 

3.8 

3.9 

2.3 

1.3 

.9 

2.8 

6.6 

3.1 

6.2 

3.2 

4.1 

4.1 

4.1 

3.7 

2.2 

1.4 

1.3 

3.3 

6.8 

2.8 

6.7 

3.3 

3.8 

3.8 

4.1 

3.7 

2.0 

1.3 

1.7 

4.6 

6.3 

2.9 

6.1 

2.9 

3.9 

3.8 

3.9 

3.7 

2.1 

1.4 

2.2 

4.1 

8.0 

2.8 

6.1 

3.0 

4.1 

3.6 

4.2 

3.8 

2.1 

1.5 

1.9 

3.7 

10.7 

2.8 

6.7 

2.9 

4.4 

3.6 

4.4 

3.6 

2.4 

1.4 

1.8 

4.0 

8.2 

2.9 

6.7 

2.7 

4.3 

3.9 

4.3 

3.4 

2.0 

1.4 

1.6 

4.5 

6.8 

3.9 

6.2 

2.9 

4.6 

4.0 

4.2 

3.3 

2.0 

1.4 

1.8 

3.9 

6.1 

13.1 

4.9 

2.9 

4.0 

3.9 

3.9 

3.1 

1.9 

1.3 

3.0 

3.8 

5.6 

9.6 

4.6 

4.2 

4.2 

3.8 

3.1 

2.1 

1.3 

3.7 

3.6 

5.1 

7.1 

4.4 

4.4 

4.4 

3.5 

2.9 

2.4 

1.2 

3.2 

3.5 

4.7 

6.1 

4.4 

5.4 

4.2 

3.6 

2.9 

2.4 

1.1 

2.6 

3.2 

4.4 

6.8 

4.6 

4.0 

7.2 

4.1 

3.4 

2.8 

2.1 

1.1 

2.2 

3.0 

4.1 

6.4 

4.3 

3.8 

6.6 

3.8 

3.5 

2.6 

2.0 

1.1 

2.2 

3.0 

3.9 

6.4 

3.6 

3.0 

6.7 

3.8 

3.9 

2.5 

1.9 

1.3 

1.9 

2.8 

3.7 

4.8 

3.7 

4.0 

7.3 

3.8 

3.6 

2.4 

2.0 

1.4 

2.0 

2.8 

3.6 

4.4 

4.3 

3.9 

6.9 

3.6 

3.6 

2.4 

1.8 

1.2 

1.9 

2.5 

3.6 

4.2 

6.6 

3.8 

5.4 

3.5 

3.4 

2.6 

2.2 

1.1 

2.0 

2.6 

3.6 

4.0 

6.2 

4.2 

6.7 

3.4 

3.2 

2.6 

1.9 

1.1 

2.0 

7.7 

3.6 

3.9 

4.3 

4.2 

7.5 

3.3 

3.1 

2.5 

1.9 

1.1 

2.0 

2.7 

3.6 

3.8 

4.3 

4.0 

8.9 

3.4 

3.0 

2.2 

1.8 

1.2 

2.6 

2.7 

3.6 

7.0 

3.7 

3.8 

8.0 

4.3 

3.0 

2.3 

1.8 

1.2 

2.9 

2.6 

3.4 

8.4 

3.8 

2.7 

7.1 

4.7 

2.9 

2.2 

1.7 

1.2 

2.9 

2.6 

3.5 

6.7 

3.8 

3.2 

6.4 

4.8 

3.0 

2.1 

1.7 

1.2 

2.f 

2.4 

3.6 

6.0 

3.8 

4.1 

6.4 

4.6 

3.6 

2.2 

1.6 

1.2 

23 

2.6 

3.5 

5.4 

3.6 

6.6 

4.3 

3.3 

2.2 

1.6 

1.1 

'..6 

6.6 

3.4 

5.7 

3.3 

6.5 

4.1 

3.2 

2.4 

1.5 

1.0 

3.0 

6.5 

3.6 

5.8 

3.5 

6.0 

3.1 

1.5 

1.0 

6.5 

5.8 

5.7 

2.5 

3.8 

7.1 

5.3 

3.5 

1.6 

l.'» 

0.9 

2.3 

3.1 

1.9 

6.2 

3.1 

3.5 

6.7 

6.6 

3.3 

1.4 

1  5 

.9 

2.0 

2.9 

1.8 

4.8 

3.0 

3.2 

6.4 

6.0 

3.2 

1.6 

1.5 

.9 

1.7 

2.7 

1.8 

4.4 

5.0 

3.4 

5.7 

5.9 

3.0 

1.5 

1.3 

.9 

1.6 

2.5 

1.6 

4.2 

4.8 

3.7 

6.2 

6.4 

2.9 

2.2 

1.3 

.9 

1.6 

2.3 

1.6 

3.8 

4.7 

3.5 

4.9 

4.9 

2.7 

2.', 

1.2 

.9 

1.6 

2.3 

1.6 

3.3 

4.3 

3.2 

5.0 

4.8 

2.6 

20 

1.3 

.8 

1.5 

2.3 

1.7 

3.6 

3.9 

3.2 

6.0 

8.1 

2.6 

1.9 

1.3 

.7 

1.3 

2.2 

2.2 

3.8 

3.4 

3.4 

6.1 

8.0 

2.4 

1.8 

1.3 

.7 

1.2 

2.2 

2.2 

3.9 

3.2 

3.2 

7.3 

7.2 

2.3 

1.7 

1.3 

.8 

1.2 

2.2 

2.9 

3.4 

2.7 

3.2 

6.2 

6.4 

2..^ 

1.6 

1.3 

.8 

1.2 

2.1 

2.4 

3.4 

2.7 

3.3 

5.6 

5.7 

2  4 

1.5 

1.3 

.9 

1.2 

2.1 

3.0 

6.8 

3.5 

4.1 

5.4 

5.3 

'..2 

1.4 

1.2 

.8 

1.3 

2.2 

2.2 

6.6 

4.8 

6.5 

5.0 

4.9 

2.1 

1.4 

1.2 

.8 

1.3 

2.3 

2.3 

5.6 

5.6 

9.5 

4.7 

4.6 

2.1 

1.4 

1.1 

.7 

1.3 

2.3 

2.4 

•  loe  conditions  from  about  January  26  to  March  1  ^ .  1907. 

ft  Dtoctaarge  probably  affected  by  ice  conditions  f'  om  about  January  30  to  February  15,  and  about  De- 
cember 12  to  31, 1908. 
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Daily  gage  height,  in  Jtti,  of  Delaware  River  at  Part  Jervi»,  N.  K,  for  1904-1908— Coil 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Bept. 

Oct. 

Nov. 

Dee. 

1908. 
16 

5.0 
4.6 
4.2 
3.9 
3.9 

3.6 
8.6 
3.8 
3.6 
3.6 

2.9 
3.0 
3.6 
3.1 
2.8 
2.6 

18.6 
8.6 
6.3 
6.4 

4.8 

4:3 
4.2 
4.0 
3.6 
3.6 

3.4 
8.9 
4.4 
4.2 

8.8 
7.8 
6.4 
6.1 
7.0 

6.2 
6.6 
6.6 
6.1 
8.6 

7.2 
7.7 
9.1 
10.8 
10.1 
8.2 

6.0 
6.3 
6.1 
6.1 
6.2 

5.0 
4.7 
4.6 
4.8 
3.9 

3.7 
3.5 
4.2 
4.6 
4.6 

6.2 
4.5 
4.3 
4.1 
3.8 

3.7 
4.2 
4.8 
6.6 
4.8 

4.2 
3.9 
3.6 
3.2 
3.0 
8.8 

2.3 
2.4 
2.3 
2.2 
2.1 

1.9 
1.8 
1.8 
1.7 
1.8 

1.7 
1.7 
1.7 
1.6 
1.6 

1.4 
1.4 
1.4 
1.2 
1.3 

1.3 
1.3 
1.2 
1.2 
1.3 

3.4 
3.0 
2.6 
2.1 
1.8 
1.7 

1.1 
1.1 
.9 
1.1 
1.1 

1.1 
1.1 
1.1 
1.0 
1.0 

1.0 
1.1 
1.1 
1.0 
1.0 
1.0 

a7 

L4 
2.0 

1.3 
1.3 
1.2 
1.2 
1.1 

1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
2.1 
2.8 
3.5 
4.4 
3.7 

2.1 
2.2 
2.2 
2.1 
2.2 

2.2 
2.3 
2.2 
il 
2.1 

2.1 
2.1 
2.0 
2.0 
2.0 

2.6 

17 

2.6 

18 

2.4 

19 

2.2 

20 

13 

21 

2.4 

22 

2.5 

23 

2.6 

24 

2.3 

26 

2.3 

26    

2.2 

27 

12 

28 

IS 

29 

IS 

30 

12 

31 

10 

Rating  table  /or  Delaware  River  at  Port  Jervii,  N.  Y.,/or  1904-1908, 


Oa«re 
height. 

DIs- 
charge. 

Oase 
hei^t. 

Dis- 
charge. 

h^!t. 

Dis- 
charge. 

h^^. 

DIs- 
charge. 

Fert, 

See.'ft. 

Feet. 

Sec.-ft. 

Feet. 

8ee.-ft. 

Feet. 

See.-ft. 

0.60 

175 

3.60 

4,920 

6.60 

17.400 

9.00 

36,260 

.70 

225 

3.70 

5,210 

6.70 

17,940 

9.70 

36,960 

.80 

280 

3.80 

5,510 

6.80 

18,490 

9.80 

37,670 

.90 

340 

3.90 

5,820 

6.90 

19,040 

9.90 

38.380 

1.00 

400 

4.00 

6,140 

7.00 

19,600 

10.00 

39,100 

1.10 

465 

4.10 

6,470 

7.10 

20,170 

10.10 

39.820 

1.20 

640 

4.20 

6,810 

7.20 

20,740 

10.20 

40.540 

1.30 

625 

4.30 

7,160 

7.30 

21,320 

10.30 

41.270 

1.40 

720 

4.40 

7,520 

7.40 

21,900 

10.40 

42,000 

1.50 

820 

1    4.50 

7,880 

7.50 

22.490 

10.50 

42,730 

1.60 

930 

1    4.60 

8.250 

7.60 

23,090 

10.60 

43.460 

1.70 

1,050 

4.70 

8,630 

7.70 

23,700 

10.70 

44,200 

1.80 

1,170 

4.80 

9,020 

7.80 

24,310 

10.80 

44,940 

1.90 

1,300 

4.90 

9,420 

7.90 

24,930 

10.90 

45,680 

2.00 

1,440 

5.00 

9,830 

8.00 

25,560 

11.00 

46,420 

2.10 

1,590 

5.10 

10,250 

8.10 

26,190 

11.10 

47,170 

2.20 

1,750 

5.20 

10,670 

8.20 

26,820 

11.20 

47.920 

2.30 

1,920 

5.30 

11,100 

8.30 

27,460 

11.30 

48.670 

2.40 

2,100 

5.40 

11,540 

8.40 

28,100 

11.40 

49,420 

2.60 

2,290 

5.50 

11,980 

8.50 

28,750 

11.50 

50,170 

2.60 

2,480 

5.60 

12,430 

8.60 

29,410 

11.60 

50,930 

2.70 

2,680 

5.70 

12,890 

8.70 

30.070 

11.70 

51,690 

2.80 

2,890 

5.80 

13,360 

8.80 

30,740 

11.80 

52,450 

2.90 

3,110 

5.90 

13,840 

8.90 

31,420 

11.90 

53,210 

3.00 

3,340 

6,00 

14,320 

9.00 

32,100 

12.00 

53,970 

3.10 

3,580 

6.10 

14.810 

9.10 

32,780 

13.00 

61,720 

3.20 

3,830 

6.20 

15,310 

9.20 

33,470 

13.50 

65.600 

3.30 

4,090 

6.30 

15,820 

9.30 

34,160 

3.40 

4,360 

6.40 

16,340 

9.40 

34,860 

3.50 

4,640 

6.50 

16,870 

9.50 

35,560 

NoTE.—The  above  table  is  not  applicable  for  Ice  or  obstructed  channel  conditions.    It  is  based  <hi  11  dto* 
charge  measurements  made  during  1906  to  1908  and  is  well  defined  between  gage  heights  0.6  foot  and  8  feet. 
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Monthly  discharge  of  Delaware  River  at  Port  Jervis,  N.  Y.,/or  1904-1908. 
[Drainage  area,  3,250  square  miles.] 


Month. 


October  13  to  31. 

November 

December 


1904. 


January 

February.. 

March 

Anril 

M^y 

June 

July 

August 

September. 
October.... 
November.. 
December.. 


1905. 


The  year. . 


January 

February.. 

March 

AprU 

py 

June 

July 

August.... 
September. 

October 

November. . 
December.. 


1906. 


The  year. 


January 

Februiuy . . 

March 

ADril 

M^y 

June 

July 

August 

September. 

October 

November.. 
December. . 


1907. 


The  year.. 


January 

February.. 

March 

AnrU 

JiSy 

June 

July 

August 

September. 

October 

November. . 
December.. 


1906. 


The  year. . 


Discharge  in  second-feet. 


Ifft-riwirftn 


44,aoo 

6,140 
22,500 


35,600 


50,900 
25,600 
3,830 
4,000 
4,090 
3,580 
13.400 
7,880 
14.300 
41,300 


50,900 


17,900 
15,300 
34,200 
49,400 
12,400 
15,800 
6,470 
5,210 
2,480 
10,700 
17,900 
9,830 


49,400 


32,100 


31,400 
11,500 
7,520 
5,820 
2,680 
820 
5,210 
17,400 
44,200 
62,500 


62,500 


16,900 

65,700 

44,900 

21,300 

26,200 

4,640 

4,360 

820 

1,440 

7,520 

3,580 

3,110 


65,700 


Minimum. 


2,680 
2,680 


4,000 
1,920 
1,440 
030 
030 
1,440 
1,500 
1,750 
3,110 


2,800 


2,680 
5,210 
2,480 
3,340 
1,750 
1,300 
1,170 
1,170 
2,480 
2,680 


4,000 

3,110 

1,500 

820 

400 

280 

2,100 

4,360 

2,890 


280 


2,290 


3,830 

4,640 

3,340 

930 

540 

340 

175 

465 

1,440 

930 


Mean. 


8,600 
3,560 
4,000 


8,380 
1,200 
14,800 
0,300 
2,860 
2,200 
1,440 
1,760 
6,820 
3,560 
2,050 
8,140 


5,210 


6,040 
4,500 
8,780 
16,700 
4,060 
6,840 
3,280 
2,600 
1,680 
3,190 
5,540 
4,880 


6,760 


9,030 

2,500 

10,800 

6,430 

5,100 

^,260 

1,520 

505 

1,830 

5,210 

10,400 

12,200 


5,810 


7,020 

15,800 

10,800 

10,600 

1,000 

1,150 

531 

316 

1,200 

1,870 

1,500 


176 


5,030 


Per 

square 

mile. 


2.66 
1.10 
1.23 


2.58 
.360 
4.55 
2.86 
.880 
.705 
.443 
.542 
1.70 
1.10 
.008 
2.50 


1.60 


1.83 

1.41 

2.70 

5.14 

1.53 

2.10 

1.01 

.828 

.517 

.062 

1.70 

1.50 


1.78 


3.05 

.760 

3.32 

1.06 

1.67 

1.00 

.468 

.183 

.563 

1.60 

3.20 

3.75 


1.79 


2.04 

2.44 

4.86 

3.32 

3.26 

.612 

.364 

.163 

.007 

.397 

.575 

.462 


1.65 


Run-off 
(depth  in 
Inches  on 
drainage 
area.) 


2.07 

.38 

5.25 

3.10 

1.01 

.70 

.51 

.62 

2.00 

1.27 

1.01 

2.88 


21.88 


2.11 
1.47 
3.11 
5.74 
1.76 
2.34 
1.16 
.05 
.58 
1.13 
1.00 
1.73 


23.06 


3.52 

.80 

3.83 

2.21 

1.81 

1.12 

.54 

.21 

.63 

1.84 

3.57 

4.32 


24.40 


2.35 

2.63 

5.60 

3.70 

3.76 

.68 

.41 

.10 

.11 

.46 

.64 


21.06 


Aocu- 
lacy. 


1.88  B. 
1.23  B. 
1.42     C. 


C. 
D. 
C. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 


B. 

a 

B. 
A. 
B. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 


B. 
B. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 


A. 
B. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
A. 
B. 


8ec.-ft. 

Note.— Discharge  December  13  to  27, 104 2,620 

January  24  to  31, 1905 2,800 

March  1  to  18, 1906 1,200 

February  10  to  22, 1906 1,400 

January  26  to  31, 1907 4,500 

March  1  to  14, 1907 2,000 

February  1  to  15, 1908 2,980 

December  12  to  31, 1908 1,620 

Discharge  during  ice  periods  1907  and  1908  estimated  from  Delaware  River  at  RiegelsviUe,  N.  J.,  where 
there  was  no  eflectmun  ice. 
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DELAWARE   RIVER  AT  RIEOELSYILLE,   N.   J. 

This  station,  which  is  located  at  the  toll  suspension  bridge  between 
Riegelsville,  N.  J.,  and  Riegelsville,  Pa.,  was  established  July  3, 1906, 
to  take  the  place  of  the  station  at  Lambertville,  N.  J.,  where  condi- 
tions of  flow  were  unfavorable  for  obtaining  accurate  results. 

The  records  of  discharge  at  this  point  and  at  Lambertville  furnish 
general  statistical  and  comparative  data,  forming  a  basis  for  esti- 
mates of  the  total  flow  of  the  river  to  tide  water,  necessary  for  the 
solution  of  navigation  problems,  and,  in  conjimction  with  records  ob- 
tained at  other  stations  in  the  drainage  area,  being  valuable  in  esti- 
mating the  quantity  of  water  flowing  in  the  Delaware  at  any  pomt, 
for  canalization  and  power  development. 

Lehigh  River  enters  the  Delaware  from  the  west  about  9  miles 
above  Riegelsville,  and  Musconetcong  comes  in  from  the  east  about 
600  feet  below  the  measuring  section.  The  Musconetcong  does  not, 
however,  materially  affect  the  relation  of  gage  height  to  discharge 
except  at  rare  intervals. 

The  Delaware  division  of  the  Pennsylvania  Canal,  running  from 
Easton,  Pa.,  to  Bristol,  Pa.,  utilizes  part  of  the  total  flow  of  the  river 
at  Riegebville.  It  diverts  water  from  the  Lehigh  at  its  mouth  and 
at  low  stages  takes  practically  the  entire  discharge  of  this  tributary. 
The  water  is  turned  out  of  this  canal  during  the  winter  period,  or  from 
about  the  middle  of  December  to  the  last  of  March,  but  throughout 
the  remainder  of  the  year  the  discharge  averages  about  250  to  300 
second-feet. 

The  datum  of  the  chain  gage  has  remained  the  same  during  the 
continuance  of  the  station.  The  discharge  is  affected  by  ice  only 
dining  severe  winters.  Conditions  for  obtaining  accurate  discharge 
data  are  very  good,  and  an  excellent  rating  cmrve  has  been  developed. 
Comparisons  of  the  records  of  flow  with  those  at  Port  Jervis,  N.  Y., 
and  Hancock,  N.  Y.,  show  that  full  reliance  can  be  placed  in  the 
estimates  of  monthly  discharge  at  Riegelsville. 


Digitized  by  VjOOQ  IC 


DELAWARE  BIVER  DRAINAGE   BASIN. 


257 


Discharge  measurements  of  Delaware  River  at  Riegelsville^  N.  /.,  in  1906-1908. 


Dat«. 


Hydrographer. 


1906.  I 

Julys '  Follansbee  and  Winter. 

1907.  I 

Ck;toberl8 R.  H.  Bolster 


1908. 
February  17«.. 

Do 

Do 

February  18 

Do 

February  19.... 

Mays 

May  9 

May  13 

September  1 

September  15... 


R.  H.  Bolster 

....do 

....do 

....do 

....do 

...do 

Henshaw  and  Barrows. 

....do 

A.  T.  Barrows 

R.  H.  Bolster 

K.C.  Grant 


Width. 

Area  of 
section. 

Gace 
height. 

1 

Feet. 

Sq.ft. 

Feet. 

492 

4,440 

4.52 

473 

4,200 

4.14 

617 

10,800 

17.10 

517 

10,300 

16.05 

617 

9,820 

15.20 

517 

7,740 

11.16 

617 

7,690 

10.87 

617 

6,700 

9.16 

616 

8,730 

13.10 

617 

9,180 

13.93 

506 

6,320 

8.11 

407 

3,200 

1.99 

444 

3,060 

1.75 

Dis- 
charge. 


8ec.-ft. 
8,660 


6,630 


80,600 
75,300 
66,600 
38,900 
37,300 
28,200 
51,600 
66,700 
21,200 
1,490 
1,120 


a  Float  measurement. 

Discharge  measurements  of  Delaware  division y  Pennsylvania  Canal ^  at  Riegelsvilley  N.  /., 

in  1907-8. 


Date. 

Eydrographer. 

Width. 

Area  of 
section. 

Gage 
height.o 

Dis- 
charge. 

1907. 
October  19 

R.  H.  Bolster 

Feet. 
34 

''■'^ 

Feet. 
4.00 

*«-4 

1906. 
February  17tol9 
September  1.... 
September  15... 

0 

R.  H.  Bolster 

34             206 

2.00 
1.75 

294 

K.C.  Grant 

290 

16254— IBB  241—10 17 


a  River  gage. 
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Daily  gage  height^  in  feet,  of  Delaware  River  at  RiegehvUU^  N.  /.,/or  IWtS. 
[John  H.  Deemer,  observer.] 

Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.    Dec 

1 

12.50 

4.65 

3.11 

7.60 

6.16 

3.88 

4.06 

2.36 

1.88 

5.82 

7.10 

5.S2 

12.60 

4.72 

3.30 

6.90 

4.96 

4.58 

3.80 

2.28 

1.90 

5.42 

6.40 

S.44 

10.00 

4.66 

3.56 

6.30 

6.02 

6.91 

3.76 

2.94 

1.96 

4.70 

8.50 

5.23 

8.70 

4.50 

3.39 

5.96 

6.01 

6.92 

3.52 

2.29 

2.04 

4.59 

10.30 

5.« 

8.70 

4.18 

3.35 

5.61 

5.21 

6.62 

3.36 

2,21 

2.10 

4.74 

9.10 

iSl 

8.40 

3.90 

3.36 

5.42 

6.30 

5.61 

3.20 

2.28 

2.46 

6.95 

8.10, 

iSl 

7.50 

4.10 

3.22 

6.32 

6.19 

6.35 

3.02 

2.29 

2.89 

6.54 

10.60  1 

4.4g 

7.10 

4.00 

3.32 

6.32 

6.21 

6.28 

3.14 

2.28 

2.81 

6.10 

17.20  1 

4.9D 

8.30 

3.98 

3.34 

6.42 

5.46 

4.98 

3.25 

2.28 

2.70 

6.80 

13.70' 

4.W 

8.60 

4.04 

3.54 

6.34 

5.58 

4.78 

3.21 

2.16 

2.46 

6.90 

11.20' 

7.30 

7.40 

4.08 

3.41 

6.48 

6.46 

4.60 

3.10 

2.25 

2.70 

6.40 

9.90 

20.30 

7.00 

3.88 

3.35 

6.29 

6.10 

4.38 

3.11 

2.19 

3.32 

5.65 

8.80 

17.20 

6.70 

3.55 
3.55 

3.51 
6.72 

5.48 
6.60 

4.92 
4.75 

4.21 
4.12 

3.05 
2.92 

2.18 
2,15 

4.10 
4.24 

5.31 
5.14 

7.90 
7.20 

12-50 

6.60 

10.40 

6.60 

3.70 

9.40 

5.62 

4.52 

4.22 

3.02 

1.96 

3.51 

4.71 

6.70 

9.  SO 

6.60 

3.75 

9.20 

5.49 

4.49 

4.06 

3.11 

2.02 

3.22 

4.52 

6.30 

8.70 

1    5.95 

3.75 

11.10 

5.12 

6.29 

3.92 

2.94 

2.00 

2.95 

4.32 

5. 82 

8.10 

'    5.04 

3.60 

11.90 

5.10 

5.48 

3.72 

3.00 

1.99 

2.75 

4.10 

5.59 

7.50 

5.32 

3.61 

12.00 

4.99 

6.26 

3.58 

3.18 

2.00 

2.76 

3.99 

5.86 

7.00 

6.40 

3.55 

11.30 

4.89 

4.92 

3.49 

3.16 

2.01 

2.70 

3.84 

6.64 

&40 

7.20 

3.58 

10.00 

4.71 

4.60 

3.61 

3.12 

2.10 

2.86 

3.80 

5.45 

6.10 

7.90 

3.42 

9.30 

4.62 

4.50 

3.79 

2.98 

2.02 

2.98 

3.79 

5.88 

5,74 

6.20 

3.12 

10.20 

4.48 

4.40 

3.68 

2,94 

1.98 

3.39 

3.75 

5.74 

6.50 

4.91 

3.04 

13.40 

6.18 

,  4.22 

3.56 

2.60 

2.02 

6.40 

3.71 

5.64 

9.80 

5.06 

3.15 

12.40 

6.49 

4.10 

3.36 

2.62 

2.16 

5.32 

3,66 

6.«) 

13.40 

4.98 

3.05 

10.70 

6.94 

3.99 

3.25 

2.61 

2.30 

4.60 

3.66 

6.30 

11.10 

4.64 

3.18 

9.80 

5.75 

4.11 

3.40 

2.51 

2.21 

4.19 

3.62 

6.20 

9.60 

4.75 

3.06 

9.00 

5.71 

4.28 

3.39 

2.39 

2.08 

3.85 

6.12 

5.98 

8.60 

4.80 

9.00 

5.72 

4.52 

3.21 

2.30 

2.02 

6.91 

7.20 

6.82 

8.20 

4.84 

9.20 

5.32 

4.35 

3.66 

2.45 

1.98 

6.30 

9.40 

5.65 

8.80 

4.78 

8.50 



4.08 



2.32 

1.99 

8,30 

8.70 

1    8.80 

4.60 

•  6.50 

10.60 

7.00 

6.10 

2.80 

2.60 

2.00 

2.78 

4.56 

2.76 

8.10 

4.60 

5.90 

9.60 

9.00 

5.50 

2.70 

2.35 

1.96 

2,99 

4.10 

2.80 

7.30 

4.40 

6.00 

9.30 

8.60 

5.30 

3.30 

2.36 

1.91 

2.76 

3.74 

2.65 

6.60 

4.10 

5.90 

8.40 

8.20 

4.80 

3.30 

2.25 

1.88 

2.48 

3.51 

2.64 

6.40 

4.20 

5.90 

7.60 

7.50 

4.60 

3.00 

2.25 

1.79 

2,39 

3.36 

2.45 

5.70 

3.90 

6.40 

7.10 

6.90 

4.30 

3.20 

2.20 

1.78 

2.31 

3.25 

2.32 

1     4.80 

4.10 

5.70 

6.80 

7.20 

4.20 

3.10 

2.30 

1.82 

2.25 

3.21 

2.55 

6.00 

4.00 

6.20 

7.00 

13.10 

4.00 

3.00 

2.45 

1.94 

2.18 

3.08 

2.94 

5.90 

4.00 

6.60 

7.60 

13.60 

4.00 

2.90 

2.30 

1.82 

2.12 

3.04 

3.16 

1    5.80 

4.00 

6.00 

9.80 

11.80 

3.80 

2.80 

2.25 

1.91 

2.00 

2.95 

2.90 

5.30 

4.00 

5.80 

8.80 

10.60 

3.80 

2.70 

2.25 

1.81 

1.95 

2.99 

3.35 

1    6.40 

4.00 

6.90 

8.00 

9.20 

3.70 

2.60 

2.30 

1.81 

2.01 

2.94 

3.21 

'    9.10 

4.10 

7.30 

7.40 

8.20 

3.70 

2.70 

2.30 

1.79 

2.02 

2.96 

2.96 

,  10.60 

4.50 

8.90 

6.80 

7.60 

3.60 

2.50 

2.20 

1.75 

2.04 

2.84 

2.98 

9.40 

10.00 

13.40 

6.40 

7.90 

3.50 

2.60 

2.15 

1.71 

2.06 

2,98 

3.06 

8.10 

19.20 

1.3.20 

6.30 

8.80 

4.80 

2.50 

2.05 

1.75 

2.10 

2.99 

3.20 

7.;«) 

15.70 

13.10 

7.00 

8.00 

4.50 

2.50 

2.15 

1.71 

2.05 

2.86 

3.29 

6.50 

10.90 

10.50 

6.60 

7.40 

4.00 

2.30 

2.15 

1.68 

2.06 

2.88 

3.36 

6.20 

9.10 

10.90 

6.40 

6.70 

3.90 

2.30 

2.15 

1.67 

2.06 

2.89 

2.95 

6.00 

8.20 

12.00 

6.60 

6.40 

3.50 

2.30 

2.05 

1.58 

2.00 

2.96 

2.94 

5.70 

6.60 

10.80 

6.60 

6.20 

3.40 

2,20 

2.05 

1.60 

1.88 

2.95 

2.98 

5.<i0 

6.50 

9.40 

6.40 

6.40 

3.30 

2.40 

2.10 

1.60 

1.94 

2.95 

3-04 

5.60 

5.90 

8.90 

6.20 

7.60 

3.20 

2.30 

2.30 

1.60 

1.95 

3.01 

2.86 

1    5.60 

5.50 

8.90 

5.80 

7.70 

3.00 

2.50 

2.25 

1.62 

1.92 

3.04 

2.81 

4.90 

5.20 

11.20 

6.60 

7.20 

3.10 

2.70 

2.05 

1,70 

2.01 

2.99 

2.85 

4.60 

9.00 

11.60 

5.50 

6.60 

3.10 

4.30 

2.15 

1.68 

2.20 

2.91 

2.98 

i    5.20 

10.  ;jo 

10.30 

5.60 

7.00 

3.10 

4.30 

2.20 

1.62 

4.09 

2.88 

2.90 

1    4.60 

8.20 

12.50 

5.80 

6.20 

2.90 

3.70 

2.20 

1.64 

4.70 

2.82 

2.76 

5.20 

7.00 

14.10 

6.50 

5.50 

3.00 

3.20 

2.15 

2.41 

6.08 

2.78 

2.94 

4.20 

15. 10 

6.30 

5.  .50 

2.80 

2.90 

2.00 

2.86 

6.48 

2.72 

2.79 

1    3.00 

1 

12.50 



6.30 



2.70 

2.06 

6.40 



2.86 

Note.  -Distharge  not  materially  affected  by  ice  conditions  1907-8.  No  water  flowing  in  the  canil 
December  15, 1906,  to  April  7, 1907;  December  13, 1907,  to  April  6,  1908;  December  10, 1908,  to.Mareh  18, 
1900. 
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Rating  table  far  Delaware  River  at  Ritgelsville,  N.  J.,  for  1906-1908. 


hei^t. 

Dis- 
charge. 

Qage 
height. 

Feet. 

Dis- 
charge. 

Oa«e 
height. 

Dis- 
charge. 

Sec.-ft. 

Oace 
height. 

Dis- 
charge. 

Ftet. 

Sec.-ft. 

Sec.'ft. 

Feet. 

Ftet. 

Sec.-ft. 

1.50 

810 

3.10 

3,750 

>    4.70 

8.490 

i.m 

19.740 

1.60 

930 

3.20 

4.000 

4.80 

8,820 

7.80 

20,660 

1.70 

1,060 

3.30 

4,260 

4.90 

9,160 

8.00 

21,600 

1.80 

1.200 

3.40 

4.530 

5.00 

9.500 

9.00 

26.600 

1.90 

1,350    , 

3.50 

4,800 

5.20 

10,190    , 

10.00 

32,130 

2.00 

1,500 

3.60 

5.080 

5.40 

10,890 

11.00 

38,080 

2.10 

1,660 

3.70 

5,;J60 

5.60 

11,610 

12.00 

44,400 

2.20 

1,830 

3.80 

5.(i50 

5.80 

12,350 

13.00 

51.100 

2.30 

2.010 

3.90 

6,9.M) 

6.00 

13.100 

14.00 

58.100 

2.40 

2.200 

4.00 

6,250 

6. '20 

13.860 

15.-00 

65,300 

2.50 

2,400 

4.10 

6,560 

6.40 

14.640 

16.00 

72.600 

2.60 

2.600 

4.20 

6.870 

6.00 

15,440    ; 

17.00 

80.050 

2.70 

2,810 

4.30 

7,190 

6.80 

16.260    ] 

18.00 

87.650 

2.80 

3,030    •* 

4.40 

7,510 

7.00 

17,100 

19  00 

95.350 

2.90 

3,260    j 

4.50 

7.830 

.    7.20 

17,960    , 

20.00 

103.150 

3.00 

3,500 

4.60 

8,160 

7.40 

18,840 

Note.— The  above  table  is  not  applicable  for  ice  or  obstnicU»d  channel  conditions.    It  is  based  on  13 
discbarge  measurements  made  during  1906- 1908,  and  is  well  defined  between  gage  heights  1.7  feet  and  17  feet. 

Monthly  discharge  of  Delaware  River  at  Riegelsville^  N.  J.,  for  1906-1908. 
[Drainage  area,  6,4;J0  .square  miles.] 


I 


Discharge  in  second-feet. 


Month. 


July 

August 

September. 

October 

November. 
December. . 


1906. 


,  Maximum. 


11,200 
8.850 
5,390 
14.700 
20.  .300 
10.800 


January — 
February.. 

March 

April 

May........ 

June 

July 

August 

September. 

October 

November. 
December. . 


1907. 


Minimum. 


3,  .520 
2,600 
l,7«i0 
2,240 
4..V-.0 
4,290 


Per 
Mean.       square 
mile. 


00  I 
■7n  I 


The  year. 


January — 
February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


The  year. 


48.400 

8.290 

8.560 

3.600 

5;i.(M)0 

3.780 

19,700 

7.770 

11.500 

6,220 

12,800 

4,a30 

6. 400 

2.050 

3.360 

1,470 

14,600 

1,320 

28.800 

5,140 

81.600 

11.100 

105.000 

7.770 

10.5.000 

1..T20 

3.5.700 

5.0^0 

W.IKM) 

5.9,50 

<>('>.  000 

12.000 

3.5.700 

11.200 

5.5.  ;VK) 

11.200 

13..>(K> 

3.  (I'M) 

7.190 

i,s;jo 

2.  CifK) 

1.500 

3. 170 

90<> 

11.200 

1.320 

8.o;io 

2.8.50 

4.400 

2,050 

W..?K)0 

m> 

5,950 
4.980 
2.880 
5..5(K) 
8.4.50 
7,490 


17.900 
5.610 
21.;iOO 
11.3(K) 
8.930 
6.670 
3.640 
1,780 
4.900 
10.300 
21.800 
25,400 

11.600 


0.960 
.818 
.491 
.899 
1.36 
1.19 


2.78 
.872 
.3.31 
1.79 
1.43 
1.08 
.610 
.320 
.806 
1.68 
3.44 
3.97 


1.84 


Run-off 
(depth  in 
incnes  on 

drainage 
area.) 


1.12 
.94 
.55 
1.04 
1.52 
1.37 


3.20 

.91 

3.82 


Accu- 
racy. 


2.00  A. 
1.65  I  A. 
1.20  A. 
.70     A. 


.37 
.90 


1.94  [  A. 
3.84  A. 
4.58     A. 


25.11 


14.800 

2.30 

Ih.'.KM) 

2.94 

30. 200 

4.70 

18.  2«M) 

2.80 

22.200 

3.50 

6, 040 

.983 

3.240 

.547 

1.8('/) 

..3.^3 

1.250 

.238 

3.040 

.516 

3.810 

.6.36 

3,290 

.5-24 

2.65 

A, 

3.17 

A 

6.42 

A 

3.19 

A 

4.04 

A 

1.10 

A 

.63 

A 

.38 

A 

.27 

A 

.59 

A 

.71 

A 

.60 

A. 

I 


.07 


22.75 


Note.— Conditions  of  flow  were  not  affect«Hl  by  i<o  during  19(M>  19(»8.    In  order  to  obtain  the  dlscharpe  per 

square  mileand  run-oJT  dej>th  in  inclu'S,  2^0  stHon<l-fp<'t  were  a<i<le(i  Julv  1  to  l)eeeml)er  14,  1906;  Aprils 

to  December  12, 1907:  April  Oto  December  9,  H»os.  before  eonipntine  the  discharee  per  square  mile.    Hence 

^  the  flrsv  three  columns  contain  the  actual  diseharK'e  availal)Ie  in  the  river,  while  the  remaining  two  rep- 

*  resent  the  actual  run-off  from  the  drainage  area  above  RiegelsviUe,  including  the  discharge  of  the  canal. 

(See  description.) 
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DELAWARE   RIYEB    AT    LAMBERTYILLE,  N.  J. 

This  station,  which  was  established  July  22,  1897,  was  discontinued 
April  1,  1908.  It  was  located  at  the  toll  bridge  at  Lambertyille^ 
N.  J.,  'and  was  maintained  to  obtain  general  statistical  and  compara- 
tive data  regarding  the  total  flow  of  the  river.  (See  Delaware  River 
at  Riegebville,  N.  J.)  No  important  tributaries  enter  the  Delaware 
for  20  miles  above  or  below  Lambertville. 

The  Delaware  division  of  the  Pennsylvania  Canal,  nmning  from 
Easton,  Pa.,  to  Bristol,  Pa.,  utilizes  part  of  the  total  flow  of  the 
river  at  Lambertville  on  the  western  side.  Little  or  no  water  flows 
in  this  canal  during  the  winter  period,  but  during  the  rest  of  the 
year  the  discharge  probably  averages  about  250  to  300  second-feet. 

The  Delaware  and  Raritan  Canal  feeder  takes  out  at  Bull's 
Island,  about  7  miles  above  Lambertville,  N.  J.  As  indicated  by  13 
measurements  made  by  engineers  of  the  United  States  Geological 
Survey,  it  utilizes  about  356  to  535  second-feet,  or  an  average  of  468 
second-feet  of  the  total  flow  of  the  river  at  Lambertville  on  the  easterij 
side  throughout  the  entire  year.  This  canal  follows  Delaware  River 
to  Trenton,  N.  J.,  and  thence  runs  northeastward,  following  Mill- 
stone and  Raritan  rivers  to  New  Brunswick,  N.  J. 

The  datum  of  the  chain  gage  has  remained  unchanged  during 
the  maintenance  of  the  station.  In  the  winter  months  the  discharge 
is  usually  affected  by  ice.  Conditions  for  obtaining  accurate  dis- 
charge data  are  poor,  because  of  several  wing  and  movable  dams 
about  three-fourths  of  a  mile  below  the  bridge,  which  are  changed 
and  repaired  frequently  each  year,  and  hence  the  gage  height  is  not 
always  a  true  index  of  the  discharge. 

Discharge  measurements  of  Delaware  River  at  LambrrtvilUf  N,  /.,  J907S. 


Date. 

K.C.  Grant 

R.  H.  Bolster... 

Hydrographer. 

Width. 

Area  of 
section. 

hd^t 

Db- 

1907. 
October  19 

1908. 
February  16  o.. 
Do.6 

JVrf. 
970 

14,100 
14.300 
6,420 
3,540 

Fed. 
4.73 

13.60 

112,000 

do 

973 
944 
833 

13.80  i  114,000 

May  14 

A.  T.  Barrows 

6.24      18.900 

September  1.... 

G.  C.  Stevens 

2.S2       1.650 

a  Float  measurement  100  yards  above  bridge. 

^  Float  measurement  at  bridge.    Passage  of  ice  cakes  under  bridge  timed  with  stop  watch. 
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Daily  gage  height^  in  feet,  of  Delaware  River  at  LambertvilUj  N.  J.,  for  J  907-8. 
[Chas.  N.  Naylor,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.- 
1 

a8 

9.45 
7.75 
7.15 
&9 

&85 

6.35 

ai 

6.45 

6.96 

6.36 

6.2 

6.2 

6.16 

6.0 

5.9 
6.7 
5.2 
5.1 
5.7 

6.26 
6.9 
6.0 
6.2 
6.0 

5.0 

4.95 

4.76 

4.7 

4.8 

6.0 

4.85 

4.66 

4.4 

4.5 

4.55 

5.65 

6.46 

5.9 

5.6 

5.35 

6.15 

5.0 
4.95 
5.0 
6.15 
6.1 

6.06 
6.0 
6.0 
6.15 
6.25 

6.1 

4.9 

4.85 

4.75 

4.7 

4.6 

4.85 

4.7 

4.7 

4.95 

4.9 

4.96 

4.9 

4.85 

4.9 

6.05 

5.2 

4.9 

4.75 

4.6 

4.4 

4.65 
5.0 
6.0 
5.0 
4.8 

4.4 

4.0 

4.6 

5.35 

5.4 

6.16 

6.0 
6.0 
4.96 
4.8 
4.6 

4.45 

4.36 

4.2 

4.15 

4.1 

4.1 
4.0 
a85 
3.75 

a6 

Z.6 
3.76 
3.85 
3.8 
3.7 

3.7 

3,7 

4.0 

a85 

4.15 

4.7 

4.56 

4.45 

4.25 

4.05 

a9 

Z.6 

a6 
a7 
a85 

3.8 

a65 
a65 
a5 
a55 

a65 
a4 
a36 
a  46 

4.0 

a8 
a4 
a35 
a2 

2.95 

285 

2.7 

2.7 

2.6 

26 

2.36 

2.4 

2.4 

2.35 

2.3 

22 

2.3 

2.3 

2.3 

2.45 

2.3 

246 

21 

215 

205 

1.9 

2.06 

1.9 

1.95 

1.95 

1.9 

24 

265 

27 

285 

a3 

3.5 

3.3S 

a  15 

275 

26 

2.5 

2.6 
2.4 
2.35 

a2 
a7 

a85 

a6 
a26 
ao 
a  15 

a45 
ao5 

7.0 
7.86 
7.6 

a95 

a2 

11.9 

iai5 
a65 

7.85 

7.2 

a66 

a3 
ao6 

a  75 
a55 
a4 
a  75 
a55 

a4 

a5 

a5 

a85 

a2 

a95 
a8 
a  7 
a55 
a  45 

a4 

2 

a36 

8 

4.2 

8.45 

3.8 

3.8 
3.6 
8.7 
8.65 

a8 

a76 
8.7 
8.85 
5.6 

ai 

7.6 
&55 
&95 
&8 
&9 

7.9 
7.2 
7.4 
9.2 
9.15 

&1 
7.4 
7.0 
6.9 
7.2 
6.85 

a25 

4 

a2 

ft 

a  05 

6 

4.1      a4 

4.0        5.6 

4.9 

7 

4.8 

8 

4.2 
4.0 

a9 
as 

4.45 
4.75 
4.9 
4.8 

4.5 
4.3 
4.1 

a95 

4.06 

4.05 
4.3 
4.7 
a55 

a8 
a2 

4.95 
4.6 
7.1 

a3 

&96 

a3 
ai 

ao5 
a65 
a4 
a2 

&25 

&o 

4.95 

4.8 
4.56 
4.6 

4.6 
4.6 
4.55 
4.6 
4.6 

4.5 

4.5 

6.05 

a85 

7.8 

7.15 

1    4.8 

9 

4.8 

10 

a  75 

n 

lai 

12 

12  6 

13 

9.6 

14 

ai 

15 

7.7 

16 

7.0 

17 

as 

Ig 

a4 

10 

ai 

20 

a9 

21 

a65 

22 

4.56  1    4.36 
4.4         4.3 

a4 

23 

a35 

24 

5.1 
5.1 

5.2 

5.26 

5.2 

5.2 

6.05 

4.2 
4.15 

4.1 

4.1 

4.1 

4.35 

4.35 

4.15 

7.7 

25 

9.75 

26 

a55 

27 

7.5 

28 

7.0 

29 

a7 

30 

7.0 

31 

7.1 

Day. 

Jan. 

Feb. 

Mar. 

Day. 

Jan. 

Feb. 

Mar. 

Day. 

Jan. 

Feb. 

Mar. 

1908.b 
1 

7.1 

6.86 

6.3 

6.0 

6.8 

6.0 
6.4 
5.0 
6.75 
6.4 

6.4 
'"*4.*8*' 

5.75 

5.4 

5.4 

6.4 

5.3 

6.4 
5.35 

ig 

11. 
12. 
13. 
14. 
16. 

16. 
17 

08.^ 

5.5 
6.0 
7.4 

ao 

7.46 
6.75 

"ai* 

13.0 

6.2 
6.7 
6.0 

a7 

9.4 

9.4 
9.45 
a  2 
a  45 
a  85 

19C 
21.. 
22.. 
23.. 
24.. 
26.. 

26.. 
27.. 

I6.b 

5.45 

6.3 

6.3 

6.35 

6.05 

4.9 

5.05 

4.95 

5.2 

6.0 

4.7 

a  2 
a  9 
a  6 
a  25 
a  06 

7.0 

a7 

a75 

ao6 

8.2 

2 

7.3 

3 

a9 

4 

&9 

5 

7.6 

6 

a45 

7 

6.4    1    11.5 

7.75 

8 

6.75   1  18. 
5.9     1  19. 
5.65      20. 

1 

6.05 
5.75 
5.55 

a4 

7.05 
6.95 

a45 

0 

9.7 

10. 

30.. 
31.. 

10.5 

1 

9.36 

1 

i 

1 

\ 

a  loe  conditions  about  February  6  to  March  2, 1907.    August  20, 1907,  dam  put  in  at  canal-boat  ferry  one- 
half  mile  below  bridge.    September  3, 1907,  closed  channel  in  dam  at  ferry. 
^  Ice  conditions  February  2  to  15, 1908. 

WEST   BRANCH   OF  DELAWARE   RIVER  AT  HANCOCK,   N.   Y. 

This  station  is  located  at  the  toll  suspension  bridge,  one-half  mile 
west  of  the  Erie  Railroad  station  at  Hancock,  N.  Y.,  and  about  1 
mile  above  the  junction  of  East  and  West  branches  of  Delaware  River. 
It  was  established  October  15,  1902,  and  has  since  been  maintained 
in  cooperation  with  the  New  York  State  engineer  department  and 
during  the  past  year  with  the  United  States  Weather  Bureau. 
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SURFACE  WATER  SUPPLY,  1907-8. 


The  station  was  established  to  obtain  general  statistical  and  com- 
parative data  regarding  the  flow  of  the  Delaware  River  for  power 
and  navigation  purposes. 

Oquaga  Creek,  which  drains  the  eastern  portion  of  Broome  County, 
is  the  nearest  important  tributary  to  West  Branch  of  Delaware  River. 
It  enters  from  the  right,  about  10  miles  upstream  from  the  gaging 
station. 

The  datum  of  the  chain  gage  has  remained  the  same  since  the 
establishment  of  the  station.  Conditions  for  accurate  ratings  c^n 
not  be  considered  good.  The  high-water  stage  is  probably  affected 
by  backwater  from  East  Branch  of  Delaware  River.  The  low- 
water  stage  is  controlled  by  rifts  about  800  feet  below  the  station, 
but  frequent  changes  in  conditions  of  flow  require  many  measure- 
ments and  new  ratings  each  year.  During  the  winter  months  the 
discharge  is  affected  considerably  by  ice  conditions. 

Information  in  regard  to  this  station  is  contained  in  the  annual 
reports  of  state  water-supply  commission  of  New  York  and  of  the 
state  engineer  and  surveyor.  State  of  New  York. 

Discharge  measurements  of  West  Branch  of  Delaware  River  at  IlancocJt,  N,  Fl,  in  1907-8. 


Date. 

Ilydrographer. 

Width. 

Area  of 
section. 

Gace 
height. 

Dis- 
charge. 

1907. 
June  21 

Wood  and  Iloyt 

FeH. 

200 

185 
185 
60 
180 

•     188 
185 
28.3 

Feet. 
3.29 

2.38 
2.42 

Sec-fL 
397 

1908. 
Septembers..-. 
September  4 

C.  R.  Adams 

MlO 

do 

29.5 

September  26  a 
October  23 

do 

45.6 

Wood  and  French 

23ti             2.!»         SaS 

a  Wading  measurement. 
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Daily  gage  height^  in  feet,  of  West  Branch  of  Delaware  River  at  Hancock,  N.  Y.,  for  1907-8. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907.O 

1 

2 

6.55 
5.4 
4.95 
•5.9 
5.65 

5.05 
5.0 
5.4 
5.4 

4.7 

4.75 

4.6 

4.4 

4.45 

4.6 

4.15 
3.9 
3.65 
4.45 
5.15 

4.9 

4.25 

3.5 

3.55 

3.55 

4.2 
4.5 
4.3 

tl5 
3.95 

5.1 
4.9 
4.5 
4.2 
4.3 

3.5 
3.6 
3.9 
4.0 
3.9 

6.6 
5.0 
5.7 
5.3 
4.5 

4.5 
4.1 
3.9 
3.9 
3.9 

3.5 
3.9 
3.8 
3.5 
3.2 

3.4 
3.9 
3.9 
3.9 
3.8 
3.7 

4.0 
4.0 
3.9 
3,9 
40 

405 
44 
455 
46 
4  5 

435 

4  25 
425 
4  55 
4  5 

43 

40 

405 

40 

41 

40 
3.9 
4  05 
4  2 
435 

405 
3.9 
3.9 

4  2 
5.1 

5  2 
6.0 
5.1 

5.2 
5.0 
5.1 
5.0 
4  9 

4  7 
4  8 
4  8 
4  7 
6.4 

10.4 
6.4 
5.1 
4  6 
4  0 

3.0 
4.1 
3.8 
3.5 
3  8 

3.5 
43 
40 
5.4 

3.9 
405 
415 
4  2 
425 

4  2 
41 
40 
3.9 
40 

3.96 
3.8 
3.85 
4  2 

7.86 

6.35 

5.75 

5.6 

5.6 

49 

455 

6.1 

6.7 

6.75 

6.25 

5.8 

5.5 

5.75 

6.00 

5.65 

6.25 

7.1 

7.6 
7.7 
4  2 
40 

3.9 
3.8 
3.9 
3.7 
3.9 

3.5 
3.8 
6.4 
8.6 
7.2 

7.7 
6.0 
6.2 
5.3 
5.1 

4  4 
4  5 

4  0 
6.0 
0.6 

5.7 
6.7 
7.5 
8.4 
7.4 
6.4 

496 
46 
4  45 
43 
42 

41 

3.9 

3.9 

415 

41 

406 

416 

43 

44 

425 

4  2 
42 
416 
4  0 
40 

3.9 
3.85 
3.9 
4  4 
4  75 

4  7 

6.36 

5.0 

485 

47 

6.9 
6.6 
6.0 
6.9 
4  4 

4  7 
47 
4  7 
6.7 
6.0 

5.6 
5.3 
5.0 
4  9 
45 

5.4 
5.0 
4  8 
5.1 
6.0 

5.0 
4  8 
4  7 
4  6 
4  3 

4  3 
4  3 
4  5 
4  6 
4  2 

6.1 

49 
466 
4  55 
465 

4  4 
4  4 
485 
465 
466 

436 

426 

42 

41 

3.92 

3.9 

406 

40 

3.9 

3.95 

3.8 

3.75 

3.65 

3.6 

3.56 

3.55 

3.75 

3.85 

3.66 

3.5 

3.4 

5.1 
5.5 
6.7 
6.6 
6.0 

49 
48 
7.1 
6.6 
6.2 

6.8 
5.4 
5.1 

4  8 
5.0 

4  9 
4  6 
4  4 
4  2 
3.9 

41 
41 
4  2 
4  3 
4  0 

3.9 
3.9 
3.8 
3.7 
3.5 
3.9 

3.45 

3.6 

3.65 

3.56 

3.46 

3»7 

3.85 

3.85 

3.7 

3.66 

3.6 

3.46 

3.46 

3.3 

3.26 

3.2 
3.2 
3.1 
3.1 
3.25 

3.25 

3.15 

3.0 

3.05 

3.0 

2.96 

3.2 

3.3 

3.15 

3.25 

3.7 
3.6 
3.4 
3.3 
3.1 

3.2 
3.1 
3.2 
3.2 
3.0 

3.1 
3.1 
3.1 
3.1 
3.0 

3.0 
3.1 
3.1 

2.8 
2.8 

2.9 
2.8 
2.7 
2.7 
2.7 

2.7 
2.7 
2.8 
2.6 
2.5 

3.6 
3.4 
3.3 
3.1 
3.1 

3.0 
3.3 
3.1 
3.0 
2.8 

2.8 
3.0 
3.5 
3.1 
3.1 

3.1 
2.8 
3.0 
3.0 
3.1 

2.8 
2.9 
2.9 
2.9 
2.8 

8.0 
2.9 
2.8 
3.0 
2.5 
2.6 

2.7 
2.6 
2.4 
3.4 
3.2 

3.1 
3.0 
2.9 
2.9 
2.9 

2.9 
2.8 
2.7 
2.7 
2.6 

2.7 
2.7 
2.7 
2.7 
2.7 

2.6 
2.7 
2.0 
2.6 
,3.0 

3.4 
3.2 
3.1 
2.9 
2.8 
2.7 

2.6 
2.7 
2.7 
2.9 
3.0 

2.8 
2.8 
2.8 
2,7 
2.6 

2.6 
2.4 
2.6 
2.4 
2.4 

2.4 
2.3 
2.0 
2.3 
2.3 

2.4 
2.4 
2.3 
2.4 
2.4 

2.3 
2.3 
2.4 
2.3 
2.2 
2.2 

2.9 
2.6 
2.6 
2.5 
2.7 

2.6 
2.6 
2.7 
2.7 
2.6 

2.6 
2.6 
2.5 
2.6 
2.5 

2.7 
2.6 
2.7 
2.7 
2.5 

2.4 
2.4 
2.0 
2.5 
2.5 

2.5 
2.4 
2.4 
2.4 
2.4 
2.4 

2.3 
2.3 
2.4 
2.8 
3.7 

3.6 
3.1 
3.0 
3.1 
3.6 

40 
49 
44 
3.9 
3.6 

3.4 
3.2 

3.0 
3.1 
3.0 

3.0 
3.1 
3.2 
3.6 
3.5 

3.3 
3.1 
3.2 
3.4 
3.9 

2.4 
2.4 
2.3 
2.3 
2.3 

2.3 
2,4 
2.3 
2.4 
2.5 

2.6 
2.5 
2.5 
2.5 
2.4 

2.4 
2.3 
2.3 
2.3 
2.3 

2.3 
2.3 
2  3 
2.3 
2.3 

2.3 
2.3 
2.3 
3.0 
3.1 

3.8 
3.6 
3.4 
40 
5.7 

6.0 
46 
45 
6.5 

48 

45 
45 
43 

tl 

3.8 
3.7 
3.5 
3.6 
3.3 

3.6 
3.6 
3.5 
3.5 
3.3 

3.2 
3.1 
4  2 
6.3 
5.7 
5.1 

3.0 
2.9 
2.7 
2.5 
2.9 

2.7 
2.6 
2.6 
2.6 
2.7 

2.8 
2,4 
2.5 
2.6 
2.7 

2.7 
2.7 
2.6 
2.3 
2.5 

2  4 
2.4 
2.4 
2.5 
2.5 

2.4 
3.1 
2.8 
3.8 
4  0 
3.7 

41 
45 
6.9 
6.5 
5.1 

48 
7.6 
7.8 
6.4 
6.7 

6.3 
49 
45 
45 
43 

41 

40 
3.8 
3.8 
3.8 

3.8 
3.8 
3.7 
3.6 
3.8 

3.7 
3.8 
3.6 
3.4 
3.7 

3.4 
3.2 
3.1 
3.1 
3.0 

3.1 
3.1 
3.1 
3.1 
3.0 

3.1 
3.1 
3.4 
3.2 
3  0 

3.0 
3.1 
3.0 
3.1 
3.0 

3.1 
3.1 
3.0 
3.2 
3.0 

3.2 
3.1 
3.1 
3.1 
3.0 

3.5 
3.5 

3 

3.5 

4 

3.3 

6 

3.3 

6 

3.2 

7 

8 

9 

10 

42 

5.1 
43 
6.4 

11 

10.0 

12 

7.1 

13 

6.0 

14 

5,3 

15 

16 

5.3 
5.0 

17 

48 

18     

45 

19 

20 

21 

44 

40 

42 

22 

3.8 

23 

41 

24       

8.6 

25 

6.9 

26 

5.9 

27 

6.4 

28 

5.8 

29 

6.8 

30 

5.2 

31 

5.4 

1908.6 
1 

3.1 

2 

2.^ 

3 

3.6 

4 

2.7 

5 

3.2 

6 

3.0 

7 

3.2 

8 

9 

3.7 
4  5 

10 

3.8 

11 

3.8 

12 

45 

13 

45 

14 

46 

15 

47 

16 

45 

17 

4  4 

18 

42 

19 

42 

20 

44 

21 

4  5 

22 

23 

43 
41 

24 

25 

41 
43 

26 

45 

27 

43 

28 

29 

30 

31 

43 
41 
3.9 
4  3 

"a  Ice  conditions  prevailed  from  about  Janiiarv  20  to  March  15  and  December  7  to  10, 1907. 
6  Ice  conditions  January  11,  February  I  to  15,  February  29  to  March  3,  December  3,  and  December  5  to 
31. 1908. 
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Rating  tables  for  West  Branch  of  Delaware  River  at  Hancock^  N.  Y. 


1907. 


Gase 
height. 

Dte- 
charge. 

Sec.-ft. 

heiX- 

Dis- 
charge. 

m^u 

Dis- 
charge. 

Gace 
height. 

Dis- 
charge. 

Feet. 

Ftet. 

See.-ft. 

Feet. 

See.-n: 
2,470 

Feet. 

See.-ft. 

2.20 

25 

3.60 

615 

5.00 

&80 

6,920 

2.30 

41 

3.70 

700 

6.10 

2,650 

7.00 

7,510 

2.40 

60 

3.80 

790 

6.20 

2,840 

7.20 

8,120 

2.50 

83 

3.90 

890 

6.30 

3.040 

7.40 

8,740 

2.60 

110 

4.00 

1,000 

5.40 

3,250 

7.60 

9,380 

2.70 

140 

4.10 

1,120 

5.50 

3,470 

7.80 

10,020 

2,80 

175 

4.20 

1,250 

5.60 

3,700 

8.00 

10.680 

2.90 

210 

4.30 

1,380 

5.70 

3,940 

&20 

11,340 

3.00 

250 

4.40 

1,520 

5.80 

4,190 

8.40 

12,010 

3.10 

295 

4.50 

1,660 

5.90 

4,440 

8.60 

12,700 

3.20 

345 

4.60 

1,810 

6.00 

4,700 

8.80 

13,410 

3.30 

405 

4.70 

1,970 

6.20 

5,230    , 

9.00 

14,140 

3.40 

470 

4.80 

2,130 

6.40 

5,780 

laoo 

18,100 

3.50 

540     ; 

! 

4.90 

2,300 

6.60 

6,340 

Note.— This  table  is  not  applicable  for  ice  or  obstmcted-chaimel  conditions.  It  is  based  on  1  dlschane 
measurement  made  during  1907,  the  form  of  the  1908  rating  curve,  and  interoomparisons  of  minim imn  do- 
charge  with  Delaware  River  at  Port  Jervis,  N .  Y.,  and  adjoining  drainages.  It  is  well  defined  between  gage 
heights  3.5  feet  and  9  feet.  It  has  been  revised,  and  differs  slightly  from  that  published  in  the  repent  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

1908. 


2.30 

28 

;    2.80 

150 

3.30 

383 

aso 

785 

2.40 

43 

2.90 

187 

3.40 

450 

3.90 

890 

2.50 

63 

3.00 

228 

3.50 

526 

4.00 

1,000 

2.60 

88 

3.10 

273 

3.60 

605 

2.70 

n7 

3.20 

3«j 

3.70 

600 

. 

Note.— This  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  discharge 
measurements  made  during  1902-1908  and  is  well  defined  below  gage  height  9  feet.  Above  gage  height 
4  feet  the  table  is  the  same  as  that  for  1907. 
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Monthly  discharge  of  West  Branch  of  Delaware  River  at  Hancock,  N,  Y.,  for  1907-8, 
[Drainage  area,  680  square  miles.] 


Month. 


January — 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October. . . . 
November. . 
December.. 


1907.a 


The  year. 


January 

February.. 
March 

^'■••:;:: 

June 

July 

August. ... 
September. 
October. . . . 
November. . 
December.. 


1908.5 


Discharge  in  second-feet. 


Maximum. 


6,200 


7,600 

3,140 

2,650 

840 

640 

260 

2,300 

6,600 

10,000 

18,100 


18.100 


The  year. 


3,940 
19,800 
12,700 

6,630 

7,810 
690 
450 
187 
273 

1,000 
460 


19,800 


Minimum, 


840 

470 

230 

83 

25 

41 

295 

470 

345 


25 


324 


526 
1,250 

526 
63 
43 
43 
28 
28 

228 


28 


Mean. 


1,840 

300 

2,390 

1,460 

1,200 

450 

266 

88.2 

516 

1,440 

2,200 

3,120 


Per 
square 
mile. 


2.71 
.441 
3.51 
2.15 
1.76 
.662 
.391 
.130 
.759 
2.12 
3.24 
4.69 


Run-off 
(depth  in 
inches  on 
drainage, 
area). 


3.12 

.46 

4.05 

2.40 

2.03 

.74 

.45 

.15 

.85 

2.44 

3.62 

6.29 


1,270 


1.87 


1,230 
1,580 
3,870 
2,640 
2,350 

250 

175 
81 
51.7 

173 

278 

250 


1,080 


1.81 

2.32 

5.69 

3.88 

3.46 

.368 

.267 

.119 

.076 

.254 

.409 


1.58 


25.60 


Accu- 
racy. 


2.09  B. 
2.50  B. 
6.56  ,  A. 
4.33  B. 
3.99     B. 

.41     B. 

.30  ,  B. 

.14     B. 

.08     B. 

.29     B. 

.46     B. 

.42     D. 


21.57 


a  Discharge  during  the  period  of  lee  conditions.  1907,  estimated  on  the  basis  of  the  discharge  of  Delaware 
River  at  Port  Jervis,  N.  V.,  and  the  East  Branch  of  Delaware  River  at  Hancock  (see  rating-table  foot- 
note): 

Second-feet. 

Discharge  January  26  to  31. 1907 400 

March  1  to  14, 1907 250 

March  15, 1907 7 ,500 

December  7  to  10, 1907 825 

h  Discharge  during  the  periods  of  ice  conditions,  1908,  estimated  on  the  basis  of  the  discharge  at  Port 
Jervis,  and  the  East  Branch  of  Delaware  River  at  Hancock: 

Second-feet. 

Discharge  January  11 800 

February  1  to  16 480 

February  29 800 

March  1  to  3 1,000 

December  3 200 

December  5  to  31 258 

PAULINS   KILL   AT   COLUMBIA,    N.   J. 

Paiilins  Kill  rises  on  the  east  slope  of  Kittatinny  Moxintain,  in  cen- 
tral Sussex  County,  N.  J.,  and  flows  southwestward  into  the  Delaware 
at  Columbia.  Its  length  is  about  36  miles.  Its  total  drainage  area 
comprises  about  180  square  miles,  of  which  25  per  cent  is  in  forest. 
For  the  first  10  miles  from  the  mouth  the  fall  averages  7  feet  per  mile, 
with  little  variation;  for  20  miles  above  tliis  it  is  8.5  feet  per  mile,  also 
very  uniform.  The  bottom  of  the  valley  is  blue  limestone ;  the  higher 
portions  are  mainly  slate.  Lakes  on  the  watershed,  including  Swarts- 
wood  and  Culvers,  have  been  utilized  as  reservoirs  for  mills.  The 
mean  annual  rainfall  is  about  45  inches. 
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SURFACE  WATER  SUPPLY,  1907-8. 


Tlie  gaging  station  was  established  August  1,  1908,  by  Messrs. 
Meikleham  and  Dinsmore,  through  whose  courtesy  the  records  of  dis- 
charge given  in  the  following  table  are  published.  List  of  discharge 
measurements  and  description  of  location  of  station  are  not  yet  avail- 
able. The  rating  curve  is  fairly  well  defined  by  five  dischai^e 
measurements. 

Daily  gage  height^  in  feet,  and  daily  discharge^  in  second-feet^  of  Paulins  Kill  at  CoZum^ia, 

N,  J.,  for  1908. 


1 

2 
3 
4 
6. 

6. 
7. 
8 
9 
10. 

11. 
12. 
13. 
14 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


0.93 

.98 
.86 
.98 
.93 

.90 
.91 
1.08 
1.00 
.93 

.90 
.97 
.97 


.95 
.91 
.97 
.98 


1.00 
1.13 
1.05 
1.04 

1.08 
1.05 
1.02 
1.05 
1.09 
.95 


85 

0.93 

100 

.93 

72 

.92 

100 

.91  1 

85 

.95 

82 
83 
120 
103 
85 

93 
94 
94 
100 
93 

94 
92 
83 
94 
100 

94 
103 
130 
113 
111 

120 
113 
105 
113 
122 
92 


1.00  I 
1.02 

1. 01 

1.02  I 


1.00 
.90 
.91 
.90 
.91 

.92 
.97 
.95 
.97 
.95 

.90 
.97 
.90 
1.02 
.93 

.94 
.92 
.91 
1.23 
1.18 


85 
85 
84 
83 
92 

103 
105 
104 
105 
93 

103 
82 
83 
82 
83 

84 
94 
92 
94 
92 

82 
94 
93 
105 
85 

90 
84 
83 
157 
146 


November. 


1 


1.03 
1.28 
1.29 
1.20 
1.08 

1.05 
1.02 
1.08 
1.13 
1.18 

1.14 
1.10 
1.16 
1.16 
1.16 

1.15 
1.14 
1.10 
1.06 
1.04 

1.02 
1.10 
1.13 
1.13 
1.10 

1.13 

2.23 

1.67 

1.67  ! 

1.62 

1.50 


106 
169 
170 
150 
120 

113 
105 
120 
130 
146 

135 
140 
140 
140 
140 

138 
135 
123 
114 
109 

105 
123 
130 
130 
123 

130 
500 

285 
285 
270 
260 


1.24 
1.10 
.91 
1.11 


1.10 
.89 
.89 
.90 

.84 
.95 
.90 


.94 
.93 
.94 
.96 

.98 
1.01 
1.00 
.90 
.90 

.86 
.95 
.85 
.98 
.97 


160 
123 

83 
125 

93 

80 
123 
80 
80 
82 

70 
92 
82 
78 
80 

78 
90 
85 
90 
92 

100 
103 
100 
82 
82 

73 
92 
72 
100 
94 


a82 
.84 
,74 
.72 
.76 

.75 
.94 
1.02 
1.00 
1.10 

1.29 
1.31 

.90 
1.30 

.86 

.86 
.88 
.96 
.89 
.91 

.93 
.95 
.92 
.99 


.99 
.92 
.99 
1.00 
1.13 
1.15 


M 

66 
5S 

50 
57 

55 
90 
105 
103 
123 

170 
178 

82 
176 

71 

73 
78 
100 


93 
84 
101 
100 

101 
84 
101 

m 

130 
138 


Monthly  dischargf  of  Paulins  Kill  at  Columbia^  N.  J.,  for  1908. 
[ Drainage  area,  179  square  miles.] 


Discharge  in  second-feet. 

Run-off 
(depth  in 
inches  on 
drainage 

area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

August 

130 

72 
82 
105 
70 
50 

99.0 
94.9 
161 
92.1 
96.0 

0.553 
.530 
.899 
.515 
.538 

a64 

Septemher 

157 
500 
160 

178 

.59 

October  ...          .          

L04 

Noveinl)er 

.57 

Decenil>er. . ..          

.62 
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MUSCONETCONG   RIVER   NEAR    BLOOM8BURY,    N.    J. 

Musconetcong  River  rises  in  Lake  Hopatcong,  in  the  southeastern 
part  of  Sussex  County,  N.  J.,  and  flows  south  westward,  uniting  with 
Delaware  River  near  Riegelsville.  Its  length  is  about  45  miles,  and 
its  drainage  area,  measured  at  the  mouth,  is  about  160  square  miles, 
of  which  about  40  per  cent  is  forested.  The  rainfall  in  this  portion  of 
New  Jersey  is  about  48  inches  per  annum.  For  38  miles  of  its  course 
the  stream  flows  at  the  southeast  side  of  a  very  straight  valley,  above 
which  the  hills  rise  from  400  to  500  feet.  The  fall  of  the  river  is  very 
large,  averaging  15  feet  or  more  per  mile.  The  bed  is  of  gravel  and 
rock,  and  the  facilities  for  the  utiUzation  of  power  are  excellent. 
The  tributaries,  except  at  the  headwaters,  are  small  and  unimportant. 

Both  on  the  main  stream  and  its  principal  tributary.  Lubbers  Run, 
considerable  storage  has  been  used  by  the  Morris  Canal  to  feed  that  • 
waterway.  The  canal,  which  extends  from  PhiUipsburg,  N.  J.,  to 
Jersey  City,  and  parallels  the  Musconetcong  within  2  miles  through  a 
considerable  portion  of  its  course,  crosses  the  river  just  below  Lake 
Hopatcong,  utilizing  the  reservoir  at  Stanhope  and  portions  of  the 
river  below. 

The  gaging  station,  which  was  established  July  4,  1903,  was  dis- 
continued April  1,  1907.  It  was  located  at  the  first  highway  bridge 
about  2  miles  above  Bloomsbury,  N.  J.,  and  about  10  miles  above  the 
mouth  of  the  river. 

The  datum  of  the  chain  and  staff  gages  remained  unchanged  during 
the  maintenance  of  the  station.  The  discharge  is  affected  by  ice 
during  the  winter  period.  Conditions  of  flow  have  been  nearly 
permanent,  and  a  good  rating  curve  has  been  developed  for  low  and 
medium  stagas. 

Daily  gage  height,  in  feet,  of  Musconetcong  River  near  Bloomsbury ,  N.  J.y/or  1907. 

[Michael  Kieffer,  observer.] 


nay. 

Jan. 

Feb. 

Mar. 

Day. 

Jan. 

Feb. 

Mar. 
1.32 

Day. 

,an. 

Feb. 

Mar. 

2.38 

1.50 

1.25 

11 

1.58 

1.72 

21 

1.98 

1.32 

2.62 

2.08 

1.45 

1.38 

12 

1.80 

1.68 

1.30 

22 

1.85 

1.25 

2.50 

1.90 

1.50 

1.42 

13 

1.75 

1.80 

1.50  1 

23 

1.68 

1.38 

2.50 

1.95 

1.48 

1.42 

14 

1.90 

1.75 

3.  JO 

24 

1.65 

1.32 

2.48 

1.90 

1.28 

1.38 

15 

1.8^ 

1.70 

3.30 

25 

1.65 

1.30 

2.52 

1.80 

1.45 

1.32 

16 

1.78 

1.08 

2.92 

26 

1.62 

1.38 

2.32 

1.72 

1.52 

1.30 

17 

1.58 

1.02 

3.02 

•27 

1.58 

1.30 

2.20 

1.75 

1.60 

1.30 

18 

1.02 

1.55 

3.08  ' 

28 

1.65 

1.25 

2.12 

1.72 

1.85 

1.32 

19 

1.90 

1.45 

2.90 

29 

1.62 

2.08 

10 

1.65 

1.78 

1.35 

20 

2.00 

1.38 

2.92 

30 

31 

1.55 
1.52 



1.95 
1.75 

NoTX.^It  Is  probable  that  the  discharge  was  not  greatly  affected  by  ice  conditions  during  January  and 
March.    The  greater  part  of  February  was  probably  affected  by  ice. 
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Rating  table  for  Musconetcong  River  near  Bloomthury^  N.  J.^for  190S-1907, 


Gage 
height. 

Dto- 
charge. 

Gage 
height. 

Dis- 
charge. 

'   Oace 
height. 

Dis-   ; 

charge. 

height. 

Dis- 
charge. 

Feet. 
1.20 

'"■{&■ 

Feet. 
1.80 

Sec.'ft. 
283 

Feet. 
2.40 

'"t 

Feet. 
2.90 

"-& 

1.30 

132 

1.90 

317 

,    2.60 

638 

3.00 

739 

l.-IO 

160    1 

2.00 

352 

2.60 

678 

3.10 

780 

1.60 

190    ' 

2.10 

388 

2.70 

618 

3.20 

821 

1.60 

220    ■ 

2.20 

424 

2.80 

668 

3.30 

863 

1.70 

251 

2.30 

461 

Note.— The  above  table  is  not  applicable  for  Ice  or  obstructed  channel  conditions.   It  is  based  on  9  dis- 
charge measurements  made  during  1903-1906,  and  Is  well  defined  between  gage  heii^ts  1  foot  and  3  fM>t. 

Monthly  discharge  of  Musconetcong  River  near  Bloomsbury^  N.  J.,  for  2907. 
[Drainage  area,  146  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum. 


Minimum. 


Mean. 


Per 
square 
mile. 


Run-off 

(depth  in  'j^ccQ. 
inches  on    2Tr 
drainage    '*^^* 
area).     I 


January... 
February. 
March.... 


491 


196 


862 


120 


277  1.90 

100  .685 

394  2.70 


2.19    C. 

.71     D. 
3.11  .  C. 

I 


Note.— The  values  for  January  and  March  may  be  somewhat  in  excess  due  to  Ice  conditions.  The  dis- 
charge for  February  was  estimated. 

TOHICKON   CREEK   AT   POINT  PLEASANT,  PA. 

Tohickon  Creek  rises  in  the  western  part  of  Bucks  County,  Pa.,  and 
flows  eastward  into  the  Delaware  at  Point  Pleasant.  Its  drainage 
area  comprises  about  102  square  miles,  the  greater  part  being  farm 
land  under  a  high  degree  of  cultivation,  the  original  forest  cover  hav- 
ing been  almost  entirely  cut  away.  The  stream  is  subject  to  very 
sudden  freshets,  and  during  heavy  rains  large  quantities  of  surface 
soil  are  eroded.. 

The  gaging  station  is  located  about  one-eighth  mile  above  the  mouth 
of  the  creek,  and  the  records  show  the  discharge  of  practically  the 
entire  drainage  area.  The  fall  of  the  stream  from  its  source  to  the 
gaging  station  is  about  600  feet  in  28  miles.  Continuous  records  of 
flow  have  been  obtained  each  year  since  1883,  with  the  exception  of 
1900,  by  the  Philadelpliia  bureau  of  water,  department  of  public 
works,  under  the  personal  supervision  of  John  E.  Codman,  by  whom 
the  following  data  have  been  furnished. 

An  automatic  gage  is  used  to  obtain  a  continuous  record  of  gage 
height.  The  lower  part  of  the  rating  curve  has  been  developed  from 
the  computed  discharge  over  a  weir,  and  the  discharge  at  high  stages 
Ls  determined  from  a  curve  developed  from  current-meter  measure- 
ments.    The  rating  curve  is  well  defined. 
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Daily  discharge^  in  aecond-feety  of  Tohickon  Creek  at  Point  Pleasant,  Pa.,  for  1907-8, 


Day, 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907. 
1 

2,074.0 
496.5 
288.0 
683.5 
566.0 

209.0 
105.5 
108.5 
293.3 
119.0 

92.7 

748.7 
782.0 
855.0 
840.0 

337.5 
105.5 
106.5 
148.0 
679.5 

729.5 
193.0 
131.0 
131.0 
124.5 

118.0 
118.0 
129.5 
131.0 
131.0 
136.5 

186.5 
107.5 
92.0 
97.0 
107.0 

107.0 
712.5 
748.0 
261.5 
109.0 

97.0 
1,233.9 
1,696.0 
439.0 
189.0 

136.5 
104.7 
82.7 
79.0 
71.0 

64.6 
58.1 
58.1 
58.1 
58.1 

58.1 
118.0 
198.0 
138.0 
58.1 
58.1 

273.0 
404.0 
404.0 
404.0 
294.0 

184.0 
184.0 
184.0 
151.0 
107.5 

84.0 

n.o 
n.o 

71.0 

n.o 

71.0 
71.0 
71.0 
71.0 
79.0 

97.0 
97.0 
87.0 
72.5 
53.3 

30.6 
30.6 
26.8 

747.6 
413.0 
157.6 
101.7 
64.0 

55.6 
54.4 
63.1 
63.1 
53.1 

48.5 
44.0 
44.0 
515.0 
2,772.6 

1,868.0 
308.5 
102.2 
562.5 
802.0 

464.0 
212.5 
112.5 
102.5 
97.0 

2,282.0 
1,166.4 
335.5 
142.5 

26.1 
29.8 
646.0 
860.6 
858.5 

692.5 
542.5 
476.0 
536.0 
652.5 

660.0 
554.5 
731.7 
2,281.0 
2,975.0 

2,710.5 
1,732.0 
1,436.0 
736.5 
1,460.0 

744.0 
445.5 
351.5 
258.0 
126.5 

120.0 
92.7 
82.7 
79.0 
64.5 
58.1 

104.0 
74.7 
79.7 
82.7 
70.7 

58.6 
350.0 
506.5 
877.2 
345.0 

186.0 
186.0 
218.0 
218.0 
391.5 

421.0 
204.0 
715.2 
2,259.2 
638.7 

233.5 
143.5 
186.5 
326.2 
220.0 

119.5 
92.0 
97.0 
138.0 
138.0 
101.0 

54.2 
49.6 
48.7 
41.6 
34.6 

34.6 
34.6 
116.6 
236.5 
245.0 

113.5 
79.0 
64.6 
58.1 
54.4 

46.3 
41.5 
43.0 
44.0 
44.8 

47.8 
38.8 
37.3 
1,419.6 
431.0 

130.5 
92.7 
68.3 
58.0 
53.3 

102.0 
139.0 
128.0 
79.0 
57.5 

44.0 
44.5 
76.0 
171.2 
94.5 

74.0 
61.0 
45.0 
46.4 
48.2 

150.6 
62.2 
47.3 
51.3 
61.0 

61.8 

62.1 
68.7 
56.6 
249.2 
207.0 

96.6 
67.0 
63.6 
95.5 

loao 

90.5 
89.0 
64.6 
53.4 
48.7 

164.1 
552.6 
194.0 
92.5 
74.0 

62.2 
48.7 
46.5 
40.5 
35.0 

31.8 
37.3 
39.7 
33.0 
28.7 
21.8 

171.3 
103.7 
54.2 
41.0 
39.5 

39.5 
1,382.1 
1,381.0 
648.5 
348.5 

?04.0 

104.7 

68.3 

61.0 

1,074.5 

1.011.0 
302.0 
309.0 
104.0 
162.5 

179.0 

25.7 
1,040.7 
454.3 
197.5 
188.0 

102.5 
70.0 
46.0 
39.0 
37.2 

33.0 
29.8 
26.0 
26.8 
30.6 

23.7 
25.7 
27.2 
21.4 
23.1 

77.0 
73.3 
73.3 
73.9 
13.6 

18.6 
15.7 
15.7 
18.3 
136.0 

113.9 
51.9 
40.5 
35.6 
29.5 

22.5 
14.0 

ia8 

21.0 
13.3 

10.6 
10.6 
13.4 
9.9 
15.3 

162.5 
138.0 
45.1 
33.4 
26.4 

15.1 
14.6 
20.0 
17.6 
14.6 

15.7 
17.7 
12.4 
9.8 
13.3 

141.0 
82.2 

164.5 
82.6 
44.3 

28.7 
22.1 
17.2 
16.9 
17.2 

24.0 
30.6 
27.9 
21.4 
20.3 

17.6 
10.6 
12.9 
14.5 
66.1 

04.6 
60.8 
2S.2 

laa 

12.6 

8.6 
9.0 
6.3 
6.7 
8.9 
9.7 

10.0 
8.7 
10.9 
10.1 
10.1 

16.0 
14.4 
9.0 
7.5 
5.9 

7.5 
6.3 
4.3 
7.0 
7.3 

7.3 
6.4 
4.6 
5.7 
5.7 

5.5 
5.7 

a2 

6.7 
16.8 

150.5 
83.4 
36.6 
26.4 
20.3 
13.4 

7.7 
6.1 
3.8 
3.1 
5.7 

6.4 
6.4 
5.9 
14.5 
16.0 

6.3 
7.9 

a2 

3.9 
5.2 

7.3 
6.4 
4.3 
2.9 
3.6 

6.0 
6.4 
6.4 
6.9 
14.9 

26.8 
26.8 
17.6 
10.6 
7.0 
6.4 

11.0 
6.3 
7.0 
9.0 
5.9 

8.4 
12.1 
9.7 
6.8 
8.4 

9.5 
6.4 
6.3 
7,2 
6w3 

4.8 
6.3 
8.9 
5.2 
4.7 

4.7 
3.2 
2.8 
2.7 
3.1 

34.0 
42.5 
14.5 
12.2 
8.6 
12.4 

6.4 
5.0 
5.0 
4.6 
35.0 

38.0 
20.6 
8.4 
10.7 
12.9 

19.8 
109.0 
86.0 
32.0 
17.6 

10.6 
12.9 
10.9 
10.0 
14.6 

18.1 

18.3 

1,530.4 

2,902.0 

m.Q 

161.5 
09.0 

673.8 
4,118.0 
1,027.0 



13.4 
8.0 
6.3 
5.3 
6.9 

6.9 
6.9 
6.8 
5.9 
5.5 

7.5 
6.8 
3.7 
3.4 
2.8 

4.9 
5.6 
3.1 
3.9 
4.4 

2.6 
2.0 
2.7 
3.8 
2.3 

2.1 
4.3 
6.2 
13.3 
20.7 

232.0 
107.0 
71.8 
65.8 
74.7 

66.3 
50.5 
1,385.8 
481.5 
188.0 

106.0 
84.7 
60.6 
55.5 
44.7 

35.2 
35.2 
36.8 
35.8 
30.0 

23.1 
23.1 
23.1 
23.1 
23.1 

23.1 

23.1 

2,640.4 

1,858.1 

659.5 

190.5 

14.3 
9.6 
9.5 
6.5 

12.0 

12.4 

5.9 
6.8 
7.3 
6.2 

4.4 
5.5 
10.3 
3.6 
2.2 

3.9 
4.2 
3.9 
4.1 
8.5 

3.1 
3.3 
4.2 
4.7 
4.0 

50.8 
166.0 
267.0 
249.5 
80.0 
41.8 

79.1 
331.8 
1,349.6 
319.2 
353.5 

386.5 
1,760.0 
650.0 
215.0 
475.0 

528.0 
210.5 
120.5 
87.5 
70.4 

61.8 
65.4 
71.5 
717.5 
320.5 

277.5 
445.0 
279.0 
850.4 
1,514.3 

920.0 
388.5 
217.5 
146.5 
106.5 

25.8 
21.3 
19.7 
16.9 
18.6 

17.5 
15.7 
12.3 
7.8 

a6 

8.2 
7.0 
7.5 
5.5 
5wO 

11.0 
11.8 
7.6 
8.7 
14.7 

21.7 
23.1 
23.1 
21.4 
21.5 

21.5 

las 

16.9 
11.8 
9.9 

86.7 

2 

7a  5 

3 

70.8 

4 

60.6 

5 

75.5 

6 

82.0 

7 

74.7 

8 

71.4 

9 

60.2 

10 

1,706.0 

11 

1,602.0 

12 

533.0 

13 

136.0 

14 

176.0 

15 

816.6 

16 

950.5 

17 

488.2 

18 

226.0 

19 

125.5 

20 

104.0 

21 

97.0 

22 

79.0 

23 

2,552.8 

24 

1,490.5 

25 

291.5 

26 : 

195.0 

27      

140.0 

28 

116.5 

29 

102.0 

30 

267.0 

31 

515.0 

1908. 
1 

12.6 

2 

12.2 

3 

10.6 

4 

9.7 

5 

11.3 

6 

8.6 

7 

182.5 

8 

205.0 

9 

72.5 

10 

53.4 

11 

41.6 

12 

56.5 

13 

71.4 

14 

58.7 

15 

41.4 

16 

30.2 

17 

30.6 

18 

39.6 

19 

59.8 

20 

62.6 

21           

64.3 

22 

52.1     337.2 

42.8  .  223.0 
37.0     162.6 
38.0      87.5 

32.9  58.3 
30.7       46.3 
34.6      39.7 
34.6       36.2 
41.6     228.5 

293.0 

54.1 

23           

48,5 

24 

53.1 

26 

53.1 

26 

41.8 

27           

32.6 

28 

36.8 

29 

36.4 

30 

28.4 

31 

35.9 
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SURFACE  WATER  SUPPLY,  1907-8. 


Monthly  dMutrge  of  Tohickon  Creek  near  Point  Pleasant,  Pa.,  for  1907-8, 
[Drainage  am,  102  sqaare  miles.) 


Pischaise  in  aeoond-feet. 


Month. 


1907. 

January :  2,070 

February «4 

March 2,980 

April 1.420 

May 552 

June 1,040 

July IM 

August 26.8 

September 4, 120 

October 2,640 

November '  1,760 

December 2,550 

The  year 4.120 

190H. 

January 1.700 

February 2. 770 

March I  2,280 

April '  171 

May 1,380 

June '  162 

July 160 

August j  42.5 

September I  20. 7 

October "  267 

November '  25. 8 

December |  205 

The  year !  2, 770 


Minimum,  j    Mean. 


I 


92.7 

26.8 

26.1 

34.6 

21.8 

13.6 

&7 

2.9 

4.6 

23.1 

56.4 

60.6 


378 

137 

743 

129 
93.6 
99.3 
35.8 
8.50 

384 

283 

444 

434 


Per 
square 
mile. 


!    Run-off 

(depth  in 

inches  oo 

drainsf^ 

area). 


2.9  i 


58.1 

44.0 

58.5 

30.7 

36.2 

9.8 

4.3 

2.7 

2.0 

2.2 

5.0 

8.6 


2.0 


245 

473 

319 
66.3 

300 
32.6 
17.6 
9.38 
5.83 
32.7 
14.7 
5a2 


130 


3.71 
1.34 
7.28 
L26 
.918 
.974 
.351 
.063 
3.76 
2.77 
4.35 
4.25 


2.59 


2.40 
4.64 
3.13 
.650 
2.94 
.320 
.173 
.092 
.057 
.321 
.144 
.492 


1.2 


4. 28 
1.4D 
8.39 
1.41 
1.06 
LOO 
.40 
.10 
4.30 
3.19 
4.85 
4.90 


35.27 


2.77 

5l00 

3.61 

.72 

3.99 

.36 

.20 

.U 

.06 

.37 

.16 

.57 


17.32 


NE8HAMINY   CREEK   BELOW    FORKS,    PENNSYLVANIA. 

Neshaminy  Creek  rises  in  the  eastern  part  of  Montgomery  County, 
Pa.,  flows  in  a  southeasterly  and  southerly  course,  and  enters  Dela- 
ware River  at  a  point  about  12  miles  above  Philadelphia.  The 
drainage  area,  measured  at  the  forks  of  the  Big  and  Little  Nesha- 
miny, is  139  square  miles,  mostly  farm  land  in  a  high  state  of  culti- 
vation, the  original  forest  growth  having  been  almost  entirely  cut 
away.  The  stream  is  subject  to  very  sudden  freshets  and  during 
heavy  rains  large  quantities  of  surface  soil  are  eroded. 

Continuous  records  of  discharge  have  been  obtained  since  1884  by 
the  Philadelphia  bureau  of  water,  department  of  pubhc  works,  under 
the  personal  supervision  of  John  E.  Codman,  by  whom  the  records 
have  been  furnished.  The  station  is  located  a  short  distance  below 
the  junction  of  Big  and  Little  Neshaminy  creeks,  and  the  discharge 
represents  about  one-half  of  the  total  drainage  area  of  the  stream. 
The  fall  of  the  stream  from  its  source  to  the  gaging  station  is  about 
600  feet  in  27  miles. 

An  automatic  gage  is  used  to  obtain  a  continuous  record  of  gage 
height.  The  lower  part  of  the  rating  curve  has  been  developed  from 
the  computed  discharge  over  a  weir,  and  the  discharge  at  high  stages 
is  determined  from  a  curve  developed  from  current-meter  measure- 
ments.    The  rating  curve  is  well  defined. 
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DELAWARE  BIVER  DRAINAGE   BASIN.  271 

Daily  discharge,  in  second-feet ,  o/Neshamihy  Creek  below  forks ^  Pennsylvania,  for  1907-8. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.  . 

1 

Oct, 

Nov. 

Dec 

1907. 
1       

1,253.5 
411.3 
330.5 
653.0 
468.5 

272.0 
242.0 
253.6 
829.5 
276.5 

203.0 
1,626.2 

816.6 
1,284.2 

660.3 

493.5 
303.0 
303.0 
303.0 
303.0 

330.0 
367.0 
357.0 
348.6 
340.0 

331.0 
322.0 
322.0 
312.5 
303.5 
294.5 

303.6 
249.0 
217.0 
196.0 
196.0 

183.0 
323.0 
627.7 
293.0 
208.0 

179.0 
777.6 
1,222.3 
501.0 
346.6 

292.0 
247.5 
206.0 
190.0 
178.0 

176.0 
186.0 
184.0 
161.5 
172.5 

188.0 
303.0 
268.0 
221.6 
177.0 
.'.52.0 

278.5 
217.0 
248.0 
201.6 
167.0 

149.0 
159.0 
164.0 
236.5 
290.6 

285.0 
260.0 
236.0 
221.5 

162.0 
207.5 
683.0 
884.0 
590.5 

473.0 
394.5 
433.6 
689.0 
1,190.7 

488.5 

242.0 

1,160.7 

4  nEa..'i 

134.6 
129.5 
115.0 
106.5 
99.0 

91.5 
88.6 
212.0 
309.0 
350.0 

208.5 
159.6 
147.0 
144.0 
124.5 

113.0 
106.5 
96.0 
104.6 
114.0 

100.5 

94.0 

132.0 

1,258.2 

507.5 

187.5 
193.5 
158.0 
138.6 
127.0 

237.6 
293.2 
256.0 
157.0 
144.0 

145.0 
135.0 
184.6 
259.6 
163.6 

164.0 
146.5 
117.0 
101.0 
111.5 

136.0 
124.5 
105.0 
119.0 
133.0 

110.6 
84.5 
83.0 
78.5 
71.5 

62.5 
68.0 
71.0 
62.0 
107.0 

117.0 
108.0 
99.6 
495.8 
232.7 

162.0 
159.0 
143.6 
161.0 
175.5 

223.5 
168.5 
124.0 
113.0 
99.5 

876.6 
804.6 
306.0 
367.0 
360.0 

196.0 
154.0 
138.5 
129.0 
116.0 

111.0 
124.0 
119.0 
100.5 
82.0 
80.0 

285.2 
121.0 
85.5 
72.5 
T2.. 

68.0 

1,825.0 

1,138.0 

244.6 

291.0 

222.6 
171.0 
143.5 
138.5 
378.2 

602.6 
239.0 
1.135.0 
245.0 
272.5 

280.0 
373.2 
301.2 
235.5 
182.0 

154.0 
138.5 
119.0 
105. 0 
520.0 
811.5 

80.0 
1,312.2 
443.2 
227.0 
198.0 

183.5 
140.5 
122.0 
111.0 
96.5 

86.6 
80.0 
79.0 
88.6 
92.0 

82.5 
73.5 
7L0 
72.0 
63.0 

63.0 
63.0 
49.5 
44.5 
43.6 

92.5 
200.5 
82.5 
72.0 
538.0 

207.0 
144.5 
120.0 
110.0 
91.6 

88.0 
84.5 
76.5 
72.0 
72.0 

72.0 
68.0 
61.0 
66.0 
121.0 

684.5 
126.0 
84.5 
81.0 
62.5 

64.0 
64.0 
47.0 
42.5 
42.5 

41.0 
33.5 
26.0 
28.5 
31.0 

192.0 
98.5 
80.0 
80.0 
60.0 

47.0 
44.6 
46.0 
51.6 
49.6 

47.5 
50.0 
44.5 
36.0 
38.0 

35.5 
27.6 
61.5 
126.7 
136.5 

63.5 
39.0 
31.0 
31.0 
26.5 

22.0 
21.2 
20.0 
21.5 
25.0 
26.5 

28.0 
41.6 
73.0 
88.0 
76.0 

45.0 
27.6 
29.0 
24.7 
20.8 

21.7 
22.5 
22.5 
23.7 
23.5 

21.3 
18.7 
18.0 
16.5 
16.6 

20.5 
22.0 
30.6 
484.5 
129.fi 

480.0 

120.5 

'      38.0 

'      36.0 

29.3 

21.3 

26.0 
28.0 
26.0 
19.7 
20.2 

21.2 
25.7 
25.7 
128.1 
103.6 

47.0 
32.6 
23.5 
21.0 

«.o 

17.0 
17.8 
18.0 
18.0 
17.0 

16.5 
17.0 
16.0 
43.7 
138.0 

62.5 
31.5 
26.0 
23.0 
18.0 
15.0 

19.0 
17.5 
17.2 
19.3 
21.0 

'  20.5 
180.0 

,  210.5 
55.0 
29.0 

948.0 

394.6 

,     113.6 

68.6 

i   "■' 

36.0 
,      30.5 
27.0 
23.0 
20.5 

19.5 
19.0 
17.3 

18.7 
22.3 

2,659.6 
451.5 
207.5 
119.5 
91.5 
75.0 

13.5, 
14.0 
17.0, 
17.2 
18.0 

30.7 
36.0 
23.5 
19.0 
19.5 

16.0 
19.0 
20.6 
16.7 
16.0 

14.0 
13.5 
14.0 
20.2 
24.0 

18.7 
15.6 

924.3 
1,674.2 

619.0 

159.0 
96.0 
353.0 
4,634.3 
627.2 

63.0 
59.0 
51.Q 
46.5 
43.0 

56.5 
62.5 
44.5 
38.6 
46.5 

22.6 
22.5 
28.5 
29.0 
27.0 

26.5 
27.0 
22.5 
21.0 
18.3 

15.0 
15.0 
15.5 
16.5 
17.0 

17.7 
16.0 
35.0 
249.3 
95.5 

276.5 
190.5 
161.0 
198.0 
191.0 

132.5 
118.0 
767.0 
417.5 
186.5 

160.0 
150.0 
137.5 
114.0 
99.6 

94.0 
90.0 
86.0 
77.0 
72.0 

72.0 
72.0 
68.0 
64.0 
58.0 

50.5 
65.0 
2,258.0 
2.368.0 
448.6 
282.0 

40.6 
30.5 
29.6 
26.2 
21.2 

17.7 
15.5 
16.5 
17.5 
17.7 

19.7 
21.5 
20.7 
17.5 
16.5 

15.7 
13.2 
13.2 
14.5 
13.5 

13.5 
13.2 
13.0 
14.5 
16.0 

703.5 
497.0 
613.0 
622.2 
646.0 
191.0 

221.0 
608.3 
1,634.2 
365.5 
259.6 

548.0 
1,106.6 
480.5 
343.0 
524.5 

526.5 
289.5 
242.5 
210.5 
184.0 

169.6 
159.0 
196.6 
1,005.3 
328.5 

300.0 

382.5 

259.0 

2,297.0 

1,681.0 

651.0 
305.5 
338.0 
289.0 
246.6 

129.6 
103.5 
86.5 
80.0 
68.5 

55.0 
52.0 
60.0 
46.5 
46.5 

44.5 
42.5 
42.5 
41.0 
41.0 

41.0 
42.5 
54.0 
97.6 
128.0 

103.6 
76.5 
70.0 
67.0 
60.0 

65.0 
62.0 
59.5 
46.5 
44.0 

224.5 

2 

207.5 

3    

184.0 

4 

172.0 

5 

168.0 

6 

162.0 

7 

162.0 

8 

164.0 

9 

167.0 

10 

1.613.0 

11 

984.5 

12 

291.0 

13 

227.5 

14 

497.2 

15 

213. 0j2. 714.01 

1,322.0 

16 

208.0 
203.0 
238.6 
237.0 
206.5 

188.5 
165.0 
165.0 
159.0 
168.5 

160.5 
167.0 
167.0 

1,506.4 
499.0 
256.0 
227.5 
213.0 

213.0 
213.6 
20O.5 
188.0 
188.0 

176.0 

164.0 

369.0 

2.314.8 

2,719.4 

593.3 
270.0 
200.0 

873.7 

1,233.7 
960.0 
888.3 
680.0 

1,603.3 

671.0 
436.  (K 
377.01 
313.0 
249.6 

206.5 
194.0 
181.5 
166.5 
151.0 
134.5 

175.0 
145.0 
151.5 
158.0 
199.5 

149.6 
738.3 
465.0 
1,283.7 
376.6 

287.0 
271.0 
274.0 
286.5 
323.0 

303.6 

227.6 

563.7 

9  ana  a 

671.0 

17 

436.0 

18 

306.0 

19 

250.1 

20 

221.5 

21 

200.5 

22 

176.0 

23 

3,058.5 

24 

1.016.0 

25 

428.5 

26 

332.0 

27 

287.0 

28 

256.5 

29 

227.5 

30 

352.5 

31 

392.5 

1906. 
1 

42.0 

2 

40.5 

3 

41.0 

4 

41.0 

6 

41.0 

6 

41.0 

7 

1,173.2 

8 

404.7 

9 

178.5 

10 

141.0 

11 

146.0 

12 

236  2 

13 ::::" 

209.6 

14 

140  5 

15....     

124  0 

16 

106  6 

17 ; 

105  5 

18 

192  0 

19 :; 

252.0 

20 

1  256  0     -^'lon 

207  0 

21 

382.7 
270.0 
187.5 
175.0 
176.0 

2,618.2 
565.0 
264.5 
164.5 

330.5 
271.5 
517.^ 
481.2 
268.0 

201.5 
183.0 
191.5 
159.0 
151.5 
220.0 

167  5 

22....      

134.5 

28 : 

110  0 

24....     

105.0 

25 : 

115.0 
120  0 

».... 

27...    

110  0 

28.... 

105  0 

20 

103  5 

ao....   

123  0 

31...     

186  0 
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SURFACE  WATER  SUPPLY,  1907-8. 


Daily  discharge,  in  second-feety  of  Schuylkill  River  ^  near  Philadelphia  ^  Pa.,  for  1907^ — 

Continued. 


Day. 

Jan. 

3,920 
3,556 
2.694 
2,980 
2.980 

2,980 
2,675 
2,675 
2,437 

Feb.      Mar. 

Apr. 

2,502 

2,696 
2.242 

May. 

5,721 
5.271 
5.894 
3,961 
2,866 

2,771 
6,105 
6,.'M3 
3,862 
3,468 

2,631 
2,197 
1,752 
1,470 
1,880 
1,968 

Jane. 

2,029 

1,182 

988 

988 

988 

988 
988 
988 
988 
988 

988 
988 
988 
988 
988 

July. 

688 
688 
688 
688 
688 

688 

688 

688 

1,001 

6,001 

10,208 
3.106 
1,247 

688 
688 
688 

Aug. 

561 
561 
561 
561 
561 

561 
561 
561 
561 
561 

1.674 
561 
561 
561 
561 
561 

Sept. 

404 
404 
404 
404 

404 
404 
404 
404 

404 
404 
404 
404 
512 

Oct. 

601 
601 
601 
601 
601 

601 
601 
601 
601 
623 

731 
1,131 
601 
601 
601 
601 

Nov. 

Dec 

1908.a 

16 

17 

18 

29,615 
8,944 
5,158 

5,768 
6,316 
5.221 

464 

464 
464 
464 
464 

464 
464 

464 
464 
464 

464 
464 
464 

464 
468 

822 
822 
822 

19 

5,052  116,760  1  2,282 
6,702    12,702     2.862 

822 

20 

822 

21 

3,679     8.322 
3,679     6,181 
3.120     5.4.^4 

2.912 
2,466 
2,278 
2,270 
2,006 

2,006 
2.590 
2,041 
1.874 
1,874 

»22 

22 

822 

23 

822 

24 

.'{.120 

5,278 
4,845 

4  .mi 

822 

25 

2,199   20.479 

822 

26 

2.115 
2,353 
2.675 
2,547 
2,178 
1,928 

29,559 

822 

27 

11,989  1  4,108 
6,403  1  4,024 
4,964     4,217 

'  4,301 

4.136 

822 

28 

822 

29 

822 

30 

822 

31 

832 

o  Several  consecutive  days  of  constant  values  of  discharge  do  not  mean  that  there  was  no  variation  in 
flow,  but  that  the  discharge  was  computed  by  periods  of  several  days  and  the  total  distributed  uniformly. 
The  variation  during  these  periods  was  relatively  small. 

Monthly  discharge  of  Schuylkill  River  near  Philadelphia^  Pa.  ^  for  1907-8. 
[Drainage  area,  1,920  square  miles.] 


Month. 


1907. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1908. 

January 

February 

March 

April 

BJay 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Run-otf 

(depth  in 
inches  on 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

drainage 
area). 

21,000 

1,700 

4,390 

2.29 

2.64 

2.110 

1,710 

1,760 

.917 

.95 

21,500 

1,760 

4.520 

2.35 

2.71 

4,070 

1.780 

2.010 

1.05 

1.17 

1.710 

1,620 

1.630 

.849 

.98 

3,240 

1.040 

1.200 

.625 

.70 

1.600 

1,120 

1.170 

.609 

.70 

1,140 

1,050 

1,050 

.547 

.68 

23.900 

987 

3.740 

1.95 

2.13 

19.000 

1,610 

3.530 

1.84 

2.12 

16.200 

1.790 

4,900 

2.55 

2.84 

24.400 

2,080 

6.720 

3.50 

4.04 

24.400 

987 

.3,050 

1.59 

21.66 

1 

13.400 

1,930 

3.710 

1.93 

2.22 

29,600 

1.580 

6,900 

3.59 

3.87 

16.800 

4.020 

5,860 

3.05 

3.S2 

3.970 

1,870 

2.740 

1.43 

1.60 

21,800 

1,420 

4,530 

2.36 

2.72 

2.030 

988 

i.oeo 

.552 

.62 

10.200 

688 

1,270 

.661 

.76 

1            1,570 

561 

507 

.311 

.36 

512 

404 

408 

.212 

.24 

1.130 

601 

623 

.324 

.37 

'                468 

464 

464 

.242 

.27 

j               832 

822 

822 

.428 

.49 

29,600 

1 

404 

2,420 

1.26 

17.04 

PERKIOMEN  CREEK  NEAR  FREDERICK,  PA. 

Perkiomen  Creek  rises  in  the  western  part  of  Bucks  County,  Pa., 
flows  southward,  and  discharges  into  the  Schuylkill  about  7  miles 
above  Norristown  and  18  miles  above  Philadelphia,  Its  drainage 
area  comprises  about  345  square  miles.     The  area  is  mostly  in  farm 
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land  under  a  high  state  of  cultivation,  the  original  forest  growth 
having  been  almost  entirely  cut  away.  The  stream  is  subject  to 
very  sudden  freshets,  and  during  heavy  rains  large  quantities  of 
surface  soil  are  eroded. 

Continuous  records  of  discharge  have  been  obtained  since  1884  by 
the  Philadelphia  bureau  of  water,  department  of  public  works,  under 
the  personal  supervision  of  John  E.  Codman,  by  whom  the  following 
records  have  been  furnished.  The  station  is  located  about  12  miles 
above  the  mouth  of  the  creek  and  above  the  East  Branch,  and  the 
discharge  represents  about  one-third  of  the  total  area  drained  by 
the  stream.  The  fall  of  the  creek  from  its  source  to  the  gaging 
station  is  about  800  feet  in  24  miles. 

An  automatic  gage  is  used  to  obtain  a  continuous  record  of  gage 
height.  The  lower  part  of  the  rating  curve  has  been  developed 
from  the  computed  discharge  over  a  weir,  and  the  discharge  at  high 
stages  is  determined  from  a  curve  developed  from  current-meter 
measurements.     The  rating  curve  is  well  defined. 

Daily  dischargey  in  second-feet ,  of  Perkiomen  Creek  near  Frederick^  Pa,,  for  1907-8. 


Day. 


1., 

2. 
3. 
4. 

5. 

6. 

7. 
8. 
9. 
10. 

11. 
12. 
13. 
U. 
15. 


1907. 


1,770.0 
586.0 
419.0 
589. 
493.4 


16 

17 

18 

19 

20 


21.. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31- 


1908. 


6 

7 


Jan. 


Feb. 


311.5 
265.0 
260.0 
597.5 
232.0 

159.5 
948.5 
851.5 
1,217.8 
681.2 

416.0 
265.5 
238.5 
263.5 
1,139.8 

672.5 
287.6 
242. 5 
204.0' 
161.0 

164.0 
168.0 
154.  Ol 
141.0 
130.0 
128.0 


12&0 
130.0 
141.0 
150.0 
150.0 

150.0 
150.0 
150.0 
150.0 
150.0 

150.0 

150.0 

131 

112.0 

112.0 


Mar. 


92.0 
292.5 
611.3 
449.6 
287.6 

204.0 
159.0 
143.5 
259.5 
393.6 

243.6 

183.0 

977.0 

3,4.>2.0 

1,853.7 


111.5  1.642.3 
111. 01, 219.8 
801.7 
732. 5 
1.583.0 


lll.O 
106.0 
91.5 


106.0 
118.0 
118.0 
114.0 
111.0 

111.0 
93.0 
83.5 


Apr. 


May.  I  June. 


July. 


855.5 
552.0 
475.0 
404.0  1,009. 


152.5 
148.0 
128.0 
117. 5 
114.5 

102.0 
92.0 
270.0 
289.8 
279.2 

199.0 
148.0 
125.0 
125.0 
119.5 

111.0 
106.0 
96.5 
97.5 
108.5 

103.0 
9<i.5 
129.5 


163. 0:      56.2 
168.0  1,139.4 


9. 
10. 


267.5 
216.0 
176.0 
173.5 
158.0 

187.5 
835.5 
1,006.0 
270.0 
177.0 


527.0 
591.5 
345. 0, 
291.5 
249.0^ 

249.0 
212.0 
186.0 
178.0 
168.0 


319.5 

254. 5 
221.0 
210.0 
203.0 
188.0 
162.5 


246.  .5 
198.0 
217.0 
208.0 
185.0 

179.0 
680, 
<118. 0 

m). 

442.0 


128.0 
211.5 
236.5 

151.0 
136.0 
133.0 
175.0 
152.5 

146.0 
12C),0 
112.5 
99.5 
94.0 

142.0 
279.5 
210.0 
166.0 
105. 5; 


I 


323.5 

225.5, 
139.0' 
148.0 
137. 5 
137.5 


68.5] 
55.3! 
.38.6 
37.5 
38.(1 

37. 0! 
r»3. 7, 
92.0 
83.5 
93.0 
11S.0. 


506.0 
259.0 
194.0 

154.0 
112.0 
85.0 
75.0 
73.5 

79.5 
67.0 
67.0 
71.0 
77.5 

73.5 
67.0 
61.5 
00.0 
54-3, 

58.8! 
(\1. 0 
62.5 
51.9 

45.8! 

45.  S 
45.  H 
4,5.8 
♦iO.4 

4.^3. 2 


Aug. 


249.0 
338.0 
274.01 
190. 0| 
165.0 


193. 3' 
199.0 
157. 5 
1.-^7. 5t 
122. 0 


178.5 
128.0 
9t>.5 
75.0 
75.0 


173.0'     1 1,3.  .5!  73.5 

IW.0 1.991.0  33.5 

2<)7.  "il.riH.O  42.0 

XU\  8     75;<.  5  m.  0 

208.0     4,^1.0  54.9 


211.6 
112.0 
190.0 
115.0 
71.0 

51.0 
45.8 
51.5 
58.0 
55.0 

105.0 
165.0 
129.5; 

72.5 
53.1! 

41.8' 

41.8 

219. 0| 

173.5 

101.5 

132.5 
91.5 
65.0 
51.91 

"1 

34.7 
.30.9 

;io.9l 

30.9 
30.9 
30.9 


53. 3 
53.8 
43.7 
50.8 
58.0 

53.1' 

47.0, 
45.8 
48.2 

48.2 


30.9 
30.9 
57.4 
64.9 
45.8 

43.2 
33.5 
26.3 
235.5 
160.5 

84.0 
56.4 
50.7 
50.7 
45.8 


Sept. 


30.5 

30.0 

35.8 

39. 

56.3 


83.5 
79.5 
62.5 
96.0 
120.5 

800.0 
626.0 
188. 5[ 
123.5 
87.5 


Oct. 


Nov. 


3S.  3 

1 
66.5 

30.9 

62.5 

30.9 

5f  i.  4 

30.9 

132.  4 

28.6 

219.0 

26. 3 

193.5 

28.6 

H\8.0 

30.9 

4.017.4 

79.4 

2.ia3.3 

273.8 

582.5 

116.5 

284.5 

60.4 

201.0 

44.7 

3'>0.  5 

:w.6 

4,851.2 

33.2 

717.3 

30.9 

54.3 

31.4 

44.6 

27.6 

35. 6 

.33.7 

36.1 

2r..  3 

41.6 

17.3 

39.6 

19.0 

.55. 3 

13.9 

6,5.3 

13.9 

50.7 

13.9 

45.8 

10.2 

363.5 
247.6 
199.0 
223.5 
241.5 

180.0 
145.0 
1,381.0 
470.0 
293.5 

231.5 
198.0 
169.0 
150.0 
133.0 

113.5' 
106.0, 
101.0 
94.0 
85.5; 

93. 5I 
94.0 
88.5 
84.5 
76.0 

71.5' 
80.0 
1,286. 2| 
619.8' 
358.6 
216.5. 
I 

,5.3.8 
46.3 
47.8 
41.7 
38.1 

48.3 
64. 3 
53.8 
40.7, 
38.1' 


168.0 
608.0 
1,638.5 
402.5 
260.5 

630.1 
3,113.0 
556  0 
389.0 
626.0 

545.0 
326.0 
263.5 
219.5 
188.0 

169.0 
158.0 
279. 5| 
705.8 
342.0 


Dec 


254.0 
233.0 
213.0 
209.0 
199.0 

181.0 
179.0 
185.0 
211.0 
2,648.5 

920.0 
446.0 
316.5 
423.0 
1,005.0 

687.0 
479.0 
362.5 
308.0 
257.5 


401.7  231.0 
560. 5I  214.0 
3.5.3.0  2,815.5 
842.0  1.230.0 
1,616.5     494.0 


823.3 
564.0 
404.0 
346.0 
303.5 


38.8 
38.8 
41.7 
49.7 
38.6 

39.1 
35.4 
27.2 
.33.3 
40.6: 


.396.5 
338.5 
.304.0 
278.0 
526. 5 
543.0 


40.6 
40.6 
40.6 
38.0 
33.2 

33.2 
213.0 
235.5 
130.0 

83.6 
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SURFACE  WATER  SUPPLY,  1907-«. 


Daily  discharge,  in  ucond-feet,  of  Perkiomtn  Creek  near  Frederick,  Pa.,  for  1907-8,^ 

Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

'June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

190& 
11 

171.0 

2.245.5 

1,615.7 

522.0 

320.5 

281.5 
244.5 
208.0 
182.5 
158.0 

164.0 
164.0 
160.0 
164.0 
164.0 

164.0 
243.0 
312.0 
245.5 
188.0 
188.0 

148.0 
138.0 
160.0 
560.2 
5,671.8 

846.5 
452.9 
279.2 
437.0 
975.0 

501.0 
350.5 
253.5 
212.0 
175.0 

3,787.1 
838.5 
372.2 
298.0 

336.0 
322.0 
338.5 
343.5 
354.0 

4«).0 
305.0 
821.5 
2,256.2 
641.0 

396.0 
318.0 
325.0 
438.7 
325.5 

253.5 
209.0 
216.0 
295.0 
295.0 
240.0 

194.0 
172.0 
141.0 
140.0 
145.0 

245.0 
179.0 
144.0 
173.0 
206.0 

184.0 
153.5 
137.5 
125.0 
137.0 

149.5 
129.0 
113.5 
116.0 
116.0 

319.5 
254.5 
203.0 
172.0 
676.0 

746.3 
267.0 
877.6 
305.5 
277.5 

26L0 
224.5 
269.5 
203.0 
206.5 

162.0 
240.5 
129.0 
110.0 
248.5 
205.0 

43.7 
40.6 
45.8 
45.8 
62.4 

421.0 
152.5 
91.0 
78.0 
72.0 

64.5 
68.5 
71.0 
71.0 
61.5 

«.J 

55.6 
49.5 
44.7 
43.2 

42.3 
40.7 
50.7 
48.2 
67.4 

73.5 
64.9 
48.8 
43.2 
77.3 

99.3 
43.2 
72.1 
554.0 
1,349.7 

603.0 
275.0 
109.5 
90.0 
65.4 
54.9 

78.4 
71.0 
62.6 
6L9 
43.2 

36.7 
34.1 
39.6 
39.6 
76.3 

87.5 
46.2 
32.3 
29.1 
37.5 

64.9 
101.5 
71.3 
49.5 
41.4 
35.5 

13.9 
17.6 
18.9 
17.0 
14.6 

12.8 
10.2 
11.7 
14.3 
14.3 

16l2 
19.3 
18.1 
21.9 
22.8 

20.6 
20.2 
24.7 
105.8 
92.5 



33.2 
33.2 
4a  ^ 

44.7 
42.2 

38.1 
33.2 
28.5 
28.1 
27.2 

30.9 
35.5 
33.2 
33.2 
60.7 

205.9 
226.2 
93.0 
96.5 
88.0 
51.5 

38.0 
36.5 
36.5 
4a6 
37.9 

35.8 
42.7 
43.7 
48.4 
6L5 

0.8 
45.5 
43.1 
40.5 

5ao 

51.9 
46.2 
41.1 
38.6 
38.0 

7L0 

12 

89.0 

13 

114.5 

14 

114.5 

15 

93.0 

16 

71.0 

17 

71.0 

18 

83.S 

19 

101.5 

20 

10L5 

21 

10L5 

22 

93.0 

23 

G2.2 

24 

53.7 

25 

5&0 

26 

6&5 

27 

71.0 

28 

62.2 

29 

58.0 

30 

57.4 

31 

6a9 

Monthly  discharge  ofPerkiomen  Creek  near  Frederick,  Pa,,  for  1907-S. 
[Drainage  area,  152  square  miles.] 


Month. 


1907. 

January 

February 

March 

April 

May 

June 

July 

August 

Septemoei 

October 

November 

December 

The  year 

1908. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  seoond-feet. 

Run-off 

Per 
8qi»re 
mile. 

Maximum. 

junlmttm. 

Mean. 

drainage 
area.) 

1,770 

128 

464 

2.99 

3.45 

150 

83.6 

126 

.822 

.86 

3,450 

92.0 

627 

4.12 

4-75 

1,010 

92.0 

179 

L18 

L32 

280 

37.0 

124 

.816 

.94 

1,140 

45.8 

142 

.934 

1.04 

219 

30.9 

85.0 

.559 

.64 

274 

20.3 

62.6 

.412 

.48 

4,850 

30.0 

552 

3.63 

4.05 

1.380 

71.5 

264 

1.74 

2.01 

3,110 

158 

500 

3.88 

4.33 

2.820 

179 

551 

3.62 

4.17 

4,850 

26.3 

313 

2.06 

28.04 

2,250 

158 

373 

2.45 

2.82 

5.570 

138 

668 

4.39 

4.74 

2,260 

179 

433 

2-85 

3.29 

.•«8 

114 

180 

1.18 

L32 

1.990 

110 

383 

2.52 

2.90 

421 

33.5 

81.8 

.538 

.60 

LS-W 

40.7 

144 

.948 

1.09 

102 

29.1 

51.6 

.339 

.39 

106 

10.2 

23.8 

.157 

.18 

22<> 

27.2 

57.3 

.377 

.43 

62.8 

27.2 

42.4 

.279 

.31 

236 

33.2 

82.0 

.539 

.32 

5.570 

10.2 

210 

1.38 

18.69 
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MISCELLANEOUS     MEASUREMENTS     IN     DELAWARE     RIVER     DRAINAGE 

BASIN. 

The  following  miscellaneous  discharge  measurements  were  made 
in  Delaware  River  drainage  basin  during  1906  and  1908: 

Miscellaneous  Tneasurements  in  Delaware  River  basin. 


Date. 


1906. 
Novembers.. 

1906. 
May  10 


September  4 . . 

February  17  c. 

Do.c 


Stream. 


Mongaup  River.. 


.do. 


.do. 


lAXiality. 


Lehigh  River |  Bethlehem,  Pa.. 

Monocacy  Creek do 


Oil  pipe  crossing  1  mile  below  foils 
and  about  7  miles  from  Rio,  N.Y. 

Highway    bridge    at    Partridge 
ranch.  2  miles  below  falls  and 
about  6  miles  from  Rio,  N.  Y. 
do 


^^^^J^on. 


Feet. 


44 


Sq.ft. 


1,940 


Gage       Dis- 
helght.  charge. 


Feet. 

62.32 
6.57 


Sec.'ft. 
156 


758 


24 

8,050 
128 


a  Reference  point  over  rock  30  feet  north  of  bridge;  2.1  feet  to  water  edge. 

b  Oage  height  from  standard  chain  gage. 

e  Measurements  made  at  New  Street  Bridge  at  gaging  station,  maintained  1902-1905. 
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SUSQUEHANNA  RIVER  DRAINAOE  BASIN. 
D£SCRIPnON. 

Susquehanna  River  rises  in  Otsego  Lake,  in  northern  Otsego  County, 
N.  Y.,  at  an  elevation  of  1,193  feet  above  tide,  and  flows  in  a  general 
southerly  direction  into  Chesapeake  Bay.  Its  course  is  in  many 
places  extremely  tortuous,  crossing  the  state  boimdary  between  New 
York  and  Pennsylvania  three  times.  The  entire  length  of  the  river 
is  about  500  miles,  and  it  drains  an  area  of  27,400  square  miles,  of 
which  21,060  square  miles  he  in  Pennsylvania,  6,080  in  New  York, 
and  260  in  Maryland. 

The  topography  of  the  basin  varies  widely  in  character.  In  New 
York  the  stream  and  its  tributaries  flow  through  a  rolling  and  in 
places  rather  broken  country,  bounded  on  the  north  by  a  moun- 
tainous area.  In  this  part  of  its  course  its  bed  is  of  gravel  or  sand, 
with  occasional  rock  ledges,  and  its  banks  are  moderately  high  and 
not  extensively  subject  to  overflow.  In  Pennsylvania  the  river 
enters  a  mountain  region,  its  banks  are  high,  and  it  winds  and  twists 
among  the  parallel  ranges  in  a  bed  composed  generally  of  drift  mate- 
rials, gravels,  sand,  and  bowlders.  In  the  lower  part  of  its  course, 
from  Marietta  to  Havre  de  Grace,  it  occupies  a  broad,  deep  valley, 
varying  in  width  from  a  few  hundred  feet  to  more  than  a  mile,  and 
is  for  the  most  part  bounded  on  either  shore  by  rocky  bluffs  and 
table-lands  elevated  from  100  to  500  feet  above  its  waters. 

Above  the  mouth  of  the  West  Branch  the  fall  of  the  stream  is 
imiform  and  gradual ;  below  that  point  the  fall  becomes  more  irregu- 
lar, and  there  are  at  many  places  rapids  where  the  stream  flows  over 
a  rocky  bottom.  The  elevation  of  the  river  at  the  mouth  of  the 
West  Branch  is  400  feet  above  mean  sea  level  at  Havre  de  Grace,  the 
distance  between  the  two  points  being  125  miles.  The  slope  is,  how- 
ever, extremely  variable. 

The  fall  in  the  lower  part  of  the  river  offers  exceptional  opportu- 
nities for  power  developments,  the  value  of  which  is  greatly  enhanced 
by  their  proximity  to  an  unlimited  market  in  the  adjacent  large 
cities.  The  hydrographic  investigations  of  the  Geological  Survey 
along  Susquehanna  River  have  been  of  great  assistance  to  engineers 
in  investigating  these  powers. 

In  early  days  a  complete  system  of  canals  was  built  along  the  river 
from  the  New  York  state  line  to  the  bay,  but  these  have  been  aban- 
doned with  the  establishment  of  railroads.  The  head  of  navigation 
is  at  the  fall  line,  near  the  mouth  of  the  stream,  but  various  stretches 
are  navigable  for  flatboats. 

All  available  hydrographic  data  for  Susquehanna  River  basin 
prior  to  1905  have  been  collected  and  published  in  Water-Supply 
Papers  Nos.  lOS  and  109.     No.  108  treats  principally  of  the  quality 
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of  the  water,  and  No.  109  gives  in  detail  information  relative  to 
fluctuations  in  stage  and  quantity  of  water  flowing. 

Gaging  stations  have  been  maintained  in  this  basin  as  follows: 

Susquehanna  River  at  Colliersville,  N.  Y.  (1907-8). 

Susquehanna  River  at  Bingham  ton,  N.  Y.  (1901-1908). 

Susquehanna  River  at  Wysox,  Pa.  (1908). 

Susquehanna  River  at  Wilkes-Barre,  Pa.  (189^1908). 

Susquehanna  River  at  Danville,  Pa.  (1899-1908).         ' 

Susquehanna  River  at  Uarrisburg,  Pa.  (1891-1908). 

Susquehanna  River  at  McCall  Ferry,  Pa.  (1902-1908). 

Chenango  River  at  South  Oxford,  N.  Y.  (1903). 

Chenango  River  near  Greene,  N.  Y.  (1908). 

Chenango  River  at  Binghamton,  N.  Y.  (1901-1908). 

Eaton  Brook,  Madison  County,  N.  Y.  (1835). 

Madison  Brook,  Madison  County,  N.  Y.  (1835). 

Tioughnioga  River  at  Chenango  Forks,  N.  Y.  (1903). 

Cayuta  Creek  at  Waverly,  N.  Y.  (1898-1902). 

Chemung  River  at  Chemung,  N.  Y.  (1903-1908). 

West  Branch  of  Susquehanna  River  at  Williamsport,  Pa.  (1895-1908). 

West  Branch  of  Susquehanna  River  at  Allenwood,  Pa.  (189^1902). 

Juniata  River  at  Newport,  Pa.  (1899-1908). 

Broad  Creek  at  Mill  Green,  Md.  (1904-1908). 

Octararo  Creek  at  Rowlandsville,  Md.  (1896-1899). 

Deer  Creek  near  Churchville,  Md.  (1904-1908). 

STATIONS  ON  MAIN  STREAM. 
SUSQUEHANNA   RIVER   AT   COLLIERSVILLE,   N.    Y. 

During  1907  a  hydro-electric  development  was  made  about  one- 
half  mile  upstream  from  Colliersville  on  Susquehanna  River,  consist- 
ing of  a  reenforced  concrete  dam  affording  a  head  of  from  31  to 
33  feet,  with  roUway  200  feet  long,  and  with  an  installation  of  two 
1 ,000-kilowatt  units.  Power  is  transmitted  to  the  power  house  of 
the  Oneonta  and  Mohawk  Valley  Railroad  Company  at  Hartwick. 

During  a  portion  of  1907  gagings  of  flow  of  Susquehanna  River 
were  made  at  this  point  under  the  direction  of  William  Barclay 
Parsons,  consulting  engineer  on  the  above  plant,  and  these  data 
consisting  of  daily  discharges  have  been  supplied  through  their 
courtesy. 

The  gagings  were  by  float  measurements  made  with  a  bottle  arranged 
to  float  just  under  the  surface,  and  were  made  to  ascertain  approxi- 
mately the  relative  flow  of  the  river  at  different  times,  no  especial 
care  being  taken  to  get  accurate  results.  To  the  figures  obtained 
in  this  way  a  coeflicient  of  0.90  has  been  applied,  and  results  are 
given  in  the  accompanying  table. 

A  temporary  low-watep  station  was  established  at  this  point,  Sep- 
tember 7,  1908,  and  rontinued  during  the  rest  of  the  season.  The 
datum  of  this  gage  has  remained  the  same  during  the  maintenance 
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of  the  station,  and  the  rating  curve  is  fairly  well  developed  for  the 
range  of  stage  and  period  covered  during  1908. 

Information  in  regard  to  this  station  is  contained  in  the  reports  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Susquehanna  River  at  ColliersviUe,  N.  F.,  in  1908. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
hdgbt. 

Dis- 
diarge. 

September? 

October  1 

C.R.Adams 

Feet. 
26.0 
27.6 

21.0 

Fed, 
3.11 
S.15 

Sec^t. 
14.1 

do 

14.5 

Daily  gage  height ,  in  feety  of  Susquehanna  River  at  ColHersville,  N.   Y.,  for  1908. 

[A.  C.  Choate,  observer.] 


Day. 

Sept. 

Oct. 

Nov. 

1 
Dec. 

Day. 

Sept 

Oct. 

Nov. 

Dec. 

D.y. 

Sept.   Oct. 

Nov. 

Dec. 

1 

3.1 
3.1 
3.1 
8.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

3.15 
3.15 
3.15 
3.15 
3.15 

3.15 

3.12 

3.1 

3.1 

3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 

3.05 

3.05 

3.05 

3.05 

3.0 
3.1 
3.1 
3.1 
3.1 

3.1 
8.1 
3.1 
5.1 
3.1 

3.15 
4.15 
3.15 
3.15 
3.16 

3.15 

3.1 

4.1 

3.1 

3.1 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

I  31 

1 

3.1  1  3.05 
3. 1     3-1 

3.1 
3.1 
3.1 
3.1 
3.1 

S.1 
3.1 
3.1 
3.1 
3.1 

3.15 

2 

3.1 

3 

3.1 
3.1 
3.1 

3.1 
3.1 
3.1 
3.1 
3.1 

3.1 
3.1 
3.1 

3.1 

3.1 

3.06 

3.0 

3.0 

3.0 

3.1 

4 

3.1 

5 

3.1 

6 

3.1 

7 

8 

9 

10 

3.1 
3.1 
3.15 
3.15 

3.2 
3.2 
3.2 
3.2 
3.2 

Rating  table  for  Susquehanna  River  at  Colliarsvillef  N.  Y.^for  1908. 


hel^t. 

DIs- 
charge. 

!   Gaee 
height. 

Dis- 
charge. 

hel^t. 

Dis- 
charge. 

Feet. 
3.00 

s...fr 

Feet. 
3.10 

S..f. 

Feet. 
3.20 

s..,. 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.    It  is  based  on  2  dis- 
cbarge measurements  made  during  1908  and  is  approximate. 


Digitized  by  VjOOQ  IC 


SUSQUEHANNA  RIVEB  DRAINAGE  BASIN.  281 

Daily  discharge,  in  Mcond-feet,  of  Susquehanna  River  at  Colliersville,  N.  Y.^for  1907-8. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

128 
110 
158 
481 
790 

459 
346 
346 
346 
388 

425 
504 
423 

367 
328 

327 
344 
302 
281 
237 

253 

477 
365 

347 
342 
347 

482 
780 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

,!-.! 

246 
167 
194 
194 
160 

247 
283 
248 
194 
194 

182 
194 
203 
168 
173 

168 
198 
169 
148 
146 

170 
190 
111 
109 
105 

146 
103 
HI 
122 
94 
121 

1906. 
1 

106 
91 
106 
106 
14 

14 
91 
14 
14 
14 

14 

IGO 

106 

14 

14 

14 
12 
12 
12 
12 

12 
14 
14 
14 
14 

14 
153 
12 
11 
11 
11 

11  i 
246  , 

14 

2 

557 
375 
302 
253 

229 

231 
207 

221 

374 
374 
641 
342 
544 

470 
391 
314 
314 
407 

378 
337 
292 
267 
261 
246 

2 

14 

3 

3 

14 

4 

4 

14 

5 

396 

455 
513 
449 

5 

14 

6 

6 

14 

7 

;    7 

i\ 

60 

16 

108 

16 
16 
16 
16 
16 

16 
15 
14 
14 
14 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 

8.     . .             

1    8 

14 

9 

'  9.........::::.: 

14 

10..     .              .   ..'        380 

10 

14 

11.   .         '         .... 

320 
311 
248 
239 

11 

16 

12 

13- . 

12 

222 

13 

16 

14 

14 

16 

15...                 1        239 

15 

16 

.« i 

16 

16 

17 

181 

17 

14 

18...                716 

194 
227 
215 

233 
204 

18 

234 

19 

19 

14 

20 

20 

14 

21 

21 

16 

22 

472 

22 

14 

23 

23 

14 

24 

414           183 

24 

14 

25 

219 
194 

25... 

14 

26 

26 

14 

27 

27 

17 

28 

28...    . 

17 

29 

29 

17 

30 

1  30.. 

17 

31 

31 

164 

i 

Monthly  discharge  of  Susquehanna  River  at  ColUersviUe,  N.  Y.^for  1908. 
[Drainage  area,  360  square  miles.] 


Discharge  in  second-feet. 

Run-off 
(depth  of 
inches  on 
drainage 
area). 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mUe. 

September  7to30 

108 
160 
246 
234 

14 
11 
11 
14 

20.5 
39.4 
26.3 
33.4 

0.057 
.109 
.073 
.093 

0.05 

October 

.  13 

NovAmher 

08 

December 

.11 

Note.— The  ordinary  gaee  height  during  the  time  of  maintenance  of  this  station  in  1908  varied  from 
about  3  to  3.20  feet  and  the  discharge  within  these  limits  is  well  defined.  It  represents  practically  leakage 
by  the  plant.  On  days  when  the  wheels  were  ruiming  at  the  power  station  the  discharge  has  been  computed 
from  the  number  of  hours  the  wheels  were  run,  adding  this  to  the  leakage  as  shown  by  the  gage  height  for 
the  day.  Gage  heights  observed  on  November  19,  December  12,  and  December  18  have  not  been  used  in 
computations,  but  the  leakage  for  these  days  assumed  a3  14  seoond'feet.  Tbe  estimates  of  montbly  dfB> 
charge  at  this  station  are  considered  as  fair. 
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SUSQUEHANNA   RIVER   AT   BINQHABiTON,  N.  Y. 

This  station  is  located  on  the  Washington  Street  Bridge  at  Bing- 
hamton.  It  was  established  July  31,  1901,  and  has  since  been  main- 
tained in  cooperation  with  the  New  York  state  engineer  department. 

The  station  has  been  maintained  to  obtain  general  statistical  and 
comparative  data  regarding  the  flow  of  the  river  at  this  point. 

No  important  tributary  enters  Susquehanna  River  above  the  gag- 
ing station  until  Unadilla  River  is  reached,  about  50  miles  upstream. 
Chenango  River  enters  about  800  feet  downstream,  and  causes  back- 
water at  high  stages. 

The  Binghamton  water-power  dam  is  situated  2,800  feet  upstream 
from  the  bridge,  being  a  timber  dam  of  6-foot  head. 

The  datum  of  the  chain  gage  has  remained  the  same  during  the 
maintenance  of  the  station.  During  the  winter  months  the  discharge 
is  usually  aflFected  but  little  by  the  ice  conditions.  The  rating  curve 
for  low  and  medium  stages  is  fairly  well  developed.  High-water 
estimates  are  liable  to  considerable  error  due  to  backwater  condi- 
tions from  ice  jams  which  form  near  Willow  Point  and  also  from 
high-water  conditions  in  the  Chenango. 

Information  in  regard  to  this  station  is  contained  in  the  reports 
of  the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measwrementa  of  Susquehanna  River  at  Binghamtxm^  N.  F.,  in  1907-S. 


Date. 

Hydrograpber. 

Width. 

Feet. 
300 

234 
220 
274 
300 

Area  of 
section. 

heigR. 

charge. 

1907. 
June  20 

Wood  and  Hoy  t 

275 

277 

M8 

1,010 

Feet. 

2.10 

1.79 

Ste.-ft. 
1,170 

1908. 
September  2  o.. 
September  28  a. 
October  21 .   . 

C.R.Adams 

321 

do 

1.76  1         282 

Wood  and  French   

1.90           356 

Novembers 

C.  C.  Covert 

2.15           592 

a  Measurement  made  at  Washington  Street  Bridge  where  the  gage  is  located. 
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Daily  gage  height^  infeety  of  Siisqitehanna  River  at  Binghamtony  N,  Y.^for  1907-8. 

[Hugh  L.  Smith,  obaeryer.] 


Day. 


Jan.     Feb.     Mar.     Apr.    May.    June.    July.    Aug.    Sept.     Oct.     Noy.    Dec. 


1907.0 


1908.6 


8.6 
9.0 
6.15 
7.45 
9.7 

7.4 

6.1 

6.4 

7.15 

6.1 

4.85 

4.3 

3.9 

3.95 

4.45 

4.15 

3.3 

2.9 

3.4 

6.25 

6.9 
4.7 
2.8 
2.9 
2.95 

3.2 
2.9 
3.2 
3.15 
3.0 
3.0 


5.8 

4.95 

4.4 

3.95 

3.65 

2.75 

2.9 

3.1 

3.45 

3.45 

3.1 

3.05 

4.55 

4.6 

3.95 

3.55 
3.05 
3.0 
2.95 
2.95 

2.75 
2.85 
2.85 
3.0 
2.8 

2.7 

2.75 

2.95 

2.75 

2.85 

2.45 


2.75 

2.65 

3.05 

3.5 

2.95 

2.75 
2.95 
2.75 
2.65 
2.35 

2.35 

2.85 

2.6 

2.3 

2.76 

2.3 

2.3 

2.25 

2.2 

2.6 

2.3 

2.45 

2.2 

2.3 

2.45 

2.5 

2.65 

2.55 


2.4 
2.8 
3.2 
2.7 
3.05 

2.8 
2.85 
2.85 
3.05 
2.8 

3.1 

2.65 

2.6 

2.55 

9.55 

13.65 
12.4 
8.05 
5.95 
4.85 

4.4 

4.05 
3.75 
3.4 
3.35 

3.25 
3.6 
3.85 
3.45 


2.3 

2.3 

2.35 

2.4 

2.2 

2.25 

2.35 

2.05 

2.1 

2.15 

2.2 

2.1 

2.05 

2.15 

3.7 

7.05 
7.05 
7.2 
7.36 
5.9 

4.65 

4.7 

8.0 

8.95 

8.15 

6.9 
6.1 
6.1 
7.1 
6.8 


3.05 

3.4 

4.35 

5.05 

4.3 

3.65 
3.75 
3.45 
3.15 
3.05 

2.95 
3.45 
5.15 
10.05 
11.55 

12.15 
9.75 
6.95 
6.85 
5.75 

5.05 

4.75 

4.95 

7.1 

8.65 

7.6 
8.85 
10.3 
11.85 
10.85 
8.35 


4.95 

4.3 

3.96 

3.7 

3.66 

3.46 

3.4 

3.16 

3.25 

3.36 

3.55 

3.45 

3.66 

3.7 

3.75 

3.65 
3.55 
3.45 
3.45 
3.35 

3.15 

3.1 

2.95 

3.25 

5.8 

5.8 

7.95 

7.06 

6.45 

6.4 


6.85 
6.45 
5.75 
6.15 
4.75 

4.76 
5.2 
4.85 
7.46 
6.95 

6.15 

5.46 

4.9 

4.6 

4.35 

5.7 

5.05 

4.45 

4.65 

5.65 

5.4 

4.75 

4.45 

4.15 

3.85 

3.65 
3.55 
3.9 
3.75 
3.65 


5.85 

6.96 

6.06 

4.9 

4.56 

4.26 

4.16 

4.7 

4.35 

4.25 

4.05 
3.85 
3.55 
3.25 
3.1 

3.05 

3.0 

3.0 

3.06 

3.1 

2.96 

2.75 

2.6 

2.55 

2.45 

2.6 

2.55 

2.7 

2.7 

2.65 

2.5 


6.65 
6.26 
6.16 
6.65 
4.9 

4.15 

5.16 

7.9 

8.16 

7.75 

6.55 

5.8 

4.85 

4.5 

5.3 

5.05 

4.55 

4.0 

3.7 

3.35 

3.25 
3.25 
3.15 
3.45 
3.3 

3.05 

2.9 

2.8 

2.7 

2.65 

2,75 


2.4 

2.45 
2.4 
2.4 
2.46 

2.45 

2.65 

2.9 

2.76 

2.6 

2.5 

2.4 

2.35 

2.25 

2.16 

2.16 
2.15 
2.15 
2.15 
2.15 

2.16 

2.1 

2.1 

2.06 

2.05 

2.0 
2.0 
2.1 
2.1 
2.15 


3.05 
2.9 
2.75 
2.6 
2.5 

.2.6 

2.4 

2.35 

2.2 

2.3 

2.2 

2.4    I 

2.3 

2.3 

2.3    I 

2.3 
2.25 
2.2 
2.25  ' 
2.25 

2.2 
2.2 
2.2 
2.1 
2.2 

2.2 

2.15 

2.1 

2.05 

2.05 


2.25 

2.3 

2.35 

2.5 

2.35 

2.2 

2.1 

2.16 

2.1 

2.1 

2.0 

2.1 

2.65 

2.6 

2.45 

2.3 

2.2 

2.2 

2.25 

2.6 

2.45 

2.35 

2.36 

2.4 

2.4 

2.4 

2.6 

2.45 

2.45 

2.35 

2.25 


2.1 

2.05 

2.05 

2.1 

2.05 

2.1 
2.2 
2.1 
2.1 
2.06 

1.9 

1.95 

1.95 

2.0 

2.0 

1.96 

1.9 

1.95 

1.9 

1.9 

1.9 

1.9 

1.95 

2.05 

2.75 

2,35 

2.2 

2.05 

2,1 

2.0 

2.0 


2.16 

2.06 

2.1 

2.05 

2.1 

2.06 
2.0 
2.06 
2.0 
2.06 

2.0 

2.0 

1.9 

1.96 

1.9 

1.8 
1.85 
1.76 
1.6 
1.6 

1.66 
1.66 
1.8 
1.85 
1.9 

1.85 
1.8 
1.76 
1.8 
1.85 
1.75 


2.0 
1.9 
1.9 
1.86 
1.9 

1.86 

1.8 

1.85 

1.8 

1.8 

1.85 
1.8 
1.8 
1.8 
1.8 

1.8 

1.85 

1.9 

1.85 

1.8 

1.8 

1.8 

1.75 

1.75 

1.8 

1.8 
1.8 
1.8 
1.8 
1.65 
1.8 


1.76 

1.8 

1.8 

1.8 

2.1 

2.2 

2.25 

2.3 

2.3 

2.35 

6.36 
5.4 
4.25 
3.4 

2.85 

2.6 
2.5 
2.35 
2.4 
2.3 

2.25 

2.3 

2.45 

2.55 

2.5 

2.5 

2.5 

2.36 

2.2 

2.5 


1.8 
1.9 
1.8 
1.8 
1.75 

1.6 
1.8 
1.8 
1.85 
1.8 

1.65 

1.6 

1.55 

1.7 

1.65 

1.7 
1.65 
1.65 
1.6 
1.5 

1.7 

1.65 

1.8 

1.65 

1.7 

1.7 

1.55 

1.75 

1.9 

1.85 


2.96 

2.8 

2.6 

2.8 

5.05 

4.75 

4.2 

5.1 

6.9 

6.9 

4.66 

4.7 

4.9 

4.2 

3.8 

3.46 

3.26 

2.85 

2.7 

2.6 

2.65 
2.85 
2.85 
2.65 
2.5 

2.5 

2.6 

3.7 

5.85 

5.35 

4.35 


1.85 

1.9 

1.9 

1.7 

1.9 

1.9 
1.9 
1.9 
1.95 
2.0 

1.8 

1.95 

1.9 

1.85 

1.8 

1.8 
1.7 
1.7 
1.9 
1.8 

1.95 

1.8 

1.9 

1.9 

1.65 

1.85 

1.85 

2.05 

2.15 

2.1 

2.25 


3.85 

3.6 

6.3 

6.65 

4.75 

4.2 
9.1 
9.8 
8.6 
7.1 

6.76 

6.15 

4.6 

4.2 

3.9 

3.55 
3.45 
3.25 
3.2 
3.2 

3.2 

3.1 

3.06 

3.0 

2.95 

2.85 
3.0 
3.0 
3.16 
3.1 


2.25 

2.1 

2.15 

2.05 

2.05 

2.1 

2.1 

1.95 

2.06 

2.06 

2.1 

2.05 

2.15 

2.15 

Z15 

2.15 

2.1 

2.1 

2.05 

2.1 

2.15 

2.1 

'2.15 

2,15 

2.05 

2.05 

2.1 

2.05 

2.0 

2.05 


3.05 

2.96 

2.8 

2.8 

2.46 

2.6 
2.7 
2.6 
2.8 
10.1 

12.65 
10.26 
7.1 
6.76 
6.36 

4.95 

4.7 

4.36 

4.1 

3.8 

3.7 
3.5 
5.1 
10.36 
10.1 

7.4 

6.0 

6.0 

7.36 

6.4 

6.6 


2.05 
2.15 
2.06 
1.96 
1.86 

1.86 
2.06 
2.05 
2.05 
2.25 

2.2 

2.1 

2.05 

2.15 

2.25 

2.15 
2.26 
2.15 
2.15 
2.1 

2.3 

2.15 

2.25 

2.05 

2.1 

2.15 
2  2 
2.06 
2.05 
2.0 
2.1 


a  Job  conditions  at  this  station  largely  in  the  form  of  anchor  ice  obstruction.  Portions  of  January  to 
March  and  December,  1907,  liable  to  error  from  this  cause.  The  river  was  frozen  part  way  across  below 
the  paging  station.    It  seldom  freezes  over  at  the  gage. 

b  Discharge  affected  bv  ice  conditions  February  1  to  14  and  during  the  greater  portion  of  December,  1908. 
It  may  also  have  been  slightly  affected  during  the  last  week  of  January,  1908. 
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SURFACE  WATER  SUPPLY,  1907-8. 


Rating  table  for  Susquehanna  River  at  Binghamton,  N.  F,,  for  1907-8. 


Gage 
height. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

hei^t. 
Feet. 

Dis- 
Charge. 

'  hei^. 
Feet. 

Dis- 
charge. 

Feet. 

Sec^t.    , 

Feet. 

8ec.-ft. 
3,070 

See.-ft. 

Sec.-ft. 

1.50 

45 

3.00 

4.50 

6,920 

7.00 

14,600 

1.60 

115 

3.10 

3.320 

4.60 

7,190 

7.20 

15,260 

1.70 

210 

3.20 

3,570 

4.70 

7,460 

7.40 

15,920 

1.80 

335    i 

3.30 

3.820 

4.80 

7,730 

1    7.60 

16,590 

l.W 

500 

3.40 

4.070 

4.90 

8.000 

7.80 

17,270 

2.00 

700 

3.50 

4.320 

5  00 

8,280 

1    8.00 

17,950 

2.10 

920 

3.60 

4,570 

5.20 

8,880 

9.00 

21.500 

2.20 

1,150 

3.70 

4,820 

5.40 

9,495 

1  10.00 

25,100 

2.30 

1,380 

3.80 

5,080 

5.60 

10,120 

11.00 

28.700 

2.40 

1,610 

3.90 

5,340 

5.80 

10,760 

1  12.00 

32.300 

2.50 

1,850 

4.00 

5,600 

6.00 

11,400 

13.00 

35,950 

2.60 

2,090 

4.10 

5,860 

6.20 

12,040 

14.00 

39,720 

2.70 

2,330 

4.20 

6,120 

&40 

12,680 

2.80 

2,570 

4.30 

6.380 

6.60 

13,320 

2.90 

2,820 

4.40 

6,650 

6.80 

13,960 

Note.— The  above  table  Is  not  applicable  for  ice  or  obstructed  channel  conditions.  It  Is  based  on 
discharge  measurements  made  during  1901-1908.  and  is  well  defined  below  gage  height  6  feet.  Abovt 
gage  height  6  feet  the  rating  curve  is  based  on  one  measurement  at  gage  height  16.33  feet. 

Monthly  discharge  of  Susquehanna  River  at  BingJutmton^  N.  Y.^for  1907-8. 
[Drainage  area,  2,400  square  miles.] 


Month. 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November - 
December. . 


The  year. 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


I908.ft 


The  year. 


Discharge  in  second-feet. 


Maximum. 


24,000 

4.320 

21.300 

17.800 

11.200 

2,820 

2,210 

1,040 

9,500 

14,300 

24,400 

34.300 


34..*«)0 


10.800 

38,400 

32.800 

16.100 

18.500 

3,200 

2,450 

700 

500 

1.260 

1,260 


Minimum.  I    Mean. 

I 


Per 
square 
mile. 


2,570 
1,150  I 

810 

2,940  ' 

1,730 

700 

700  i 

115 

272 

1,850  ' 

2,700  , 

1,730  ' 


8,740 
1,840 
7.840 
6,210 
4.530 
1,360 
1,440 
523 
2.180 
5,230 
7,080 
10.500 


115 


4.790 


1,730 


2,940 

4,440 

2,210 

810 

500  I 

162 

45 

162 

600 


3.990 

6,830 

13,500 

8,480 

7.510 

1,450 

820 

374 

243 

505 

909 

500 


3.64 
.760 
3.27 
2.59 
1.89 
.567 
.600 
.218 
.908 
2.18 
2.95 
4.38 


Run-off 
(depth  in 
inches  on 
drabiage 

area). 


4.20 
.80 
3.77 
2.89 
2.18 
.63 


1.01 
2.51 
3.29 
6.05 


2.00 


1.66 
2.85 
5.62 
3.53 
3.13 
.604 
.342 
.156 
.101 
.210 
.379 
.208 


38,400 


45 


3,760  I 


1.57 


27.27 


1.91 

3.07 

6.48 

3.94 

3.61 

.67 

.39 

.18 

.11 

.24 

.42 

.24 


21.26 


.\cnh 

racy. 


o  Discharge  February,  1907,  has  been  corrected  10  per  cent  account  of  probable  back-water  effect  from 
ice.  Portions  of  January ,  March,  and  December,  1907,  were  also  probably  more  or  less  affected.  The  mean 
for  the  month,  however.  Is  probably  not  affected  more  than  a  few  per  cent  from  this  cause  and  hence  do 
correction  has  been  attempted.    Discharge  March  31, 1907,  Inteipolated. 

b  Discharge  during  frozen  periods  estimated  on  the  basis  of  the  discharge  of  adjacent  areas.  It  is  only 
roughly  approximate.    Discharge  February  1  to  14, 1908, 1,600  second-feet. 

SUSQUEHANNA   RIVER    AT    WYSOX,  PA. 

This  station  was  established  September  2,  1908,  by  Messrs.  Meikle- 
ham  and  Dinsmore,  through  whose  courtesy  the  records  of  discharge 
given  below  are  published.     It  is  located  about  one-half  mile  from 
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Wysox  station  on  the  Lehigh  Valley  Railroad  and  is  just  above  the 
junction  with  Lanning  Creek.  The  bridge  spans  both  Lanning  Creek 
and  Susquehanna  River,  but  a  point  of  land  separates  them  for  all 
stages  below  about  7  feet. 

The  datum  of  the  steel  tape  gt^e  is  682.36  feet  above  sea  level. 
Conditions  of  flow  are  probably  permanent.  Measuring  conditions 
are  good  except  for  extreme  low  stt^es  when  the  current  is  very 
sluggish.  Low  water  measurements  are  made  at  a  riffle  seven-tenths 
of  a  mile  above  the  bridge.     A  good  rating  curve  has  been  developed. 

Discharge  measurements  of  Susquehanna  River  at  Wysox j  Pa.,  in  1908-9, 


Date. 


September  3a.. 
September  22  a  . 


1908. 


Width 


April  24  . 
May4.- 
June  4  . . 


1909. 


Feet. 
194 
190 


•| 


758 
642 


Area  of 
section. 


Gage 
height. 


Sq.ft. 
452 
394 


5,630 
8,470 
4.000 


Feet. 
2.30 
2.08 


5.75 
9.38 
3.40 


Dis- 
charge 


Sec-ft. 
708 
465 


13.800 
37,600 
3.290 


a  Measurements  made  at  riffle  0.7  mile  above  bridge. 

Daily  gage  height,  in  feet,  and  daily  discharge,  in  second-feet,  of  Susquehanna  River  at 

Wysox,  Pa.,  for  1908. 


Septeml>er. 

October. 

November. 

December. 

Day. 

r.age 
height. 

Dis- 
charge. 

he'lght. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

2.58 
2.56 
2.55 
2.53 
2.56 

2.40 
2.42 
2.26 
2.55 
2.25 

2.49 

2.78 
2.68 
2.70 
2.72 

2.71 
2.72 
2.52 
2.16 
2.80 

2.  m 
2.M 
2.88 
2.74 
2.85 

2.76 
2.46 
2.48 
2.56 
2.54 
2.75 

Dis- 
charge. 

I 

2.24 
2.26 
2.32 
2.30 
2.30 

2.28 
2.26 
2.26 
2.25 
2.26 

2.40 
2.46 
2.32 
2.34 
2.36 

2.34 
2.  .32 

2.;« 

2.28 
2.28 

2.28 
2.27 
2.25 
2.25 
2.28 

2.29 
2.  .35 
2.45 
2.70 
2.72 
2.68 

690 
760 
810 
800 
800 

780 
7(iO 
700 
700 
760 

1,100 
1.200 
850 
1,000 
1,050 

1,000 
8.50 
800 
780 
780 

780 
770 
700 
700 
780 

790 
1,025 
1.190 
1.750 
l.8(;0 
1,700 

2.7. 
2.72 
2.70 
2.70 
2.64 

2.60 
2.58 
2.53 
2.52 
2.55 

2.53 
2.55 
2.55 
2.50 
2.78 

2.70 
2.67 
2.68 
2.  (i.3 
2.62 

2.62 
2. 62 
2.r.8 
2.68 
2.70 

2.67 
2.60 
2.60 
2.59 
2.W 

1,800 
1.8<i0 
1,850 
1,850 
1,690 

1,500 
1,470 
1,400 
1,390 
1.420 

1,400 
1,420 
1.420 
1.300 
2,000 

1.850 
1.690 
1.700 

l,.5r<o 

1,550 

1.5.50 
1.550 
1.700 
1.700 
1,850 

1.690 
1.500 
1.500 
1.490 
1,500 

1,470 
1,430 
1,420 

2 

2.  SO 
2.28 
2.25 
2.20 

2.22 
2.20 
2.22 
2.19 
2.24 

2.24 
2.24 
2. 20 
2.24 
2.14 

2.12 
2.11 
2.11 
2. 10 
2.10 

2.10 
2.08 
2.08 
2.08 
2.10 

2.08 
2.08 
2.07 
2.14 
2.17 

800 
780 
700 
650 

&.)5 
650 
665 
648 
690 

690 
690 
650. 
690 
600 

550 
545 
545 
540 
540 

540 

5;w 

5.% 

5:«) 

540 
530 

5;«) 

52.5 
fiOO 
6;i5 

3          

4 

1,400 

5          

1,430 

6     

1,100 

1,200 

8  

760 

9 

1,420 

10     

700 

11 

1,290 

12 

2,000 

13     

1,700 

14 

15 

16.: 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28          

1.750 
1,860 

1,800 
1.860 
1,390 
1.590 
2,150 

1.590 
1.570 
2,100 
1.880 
2,250 

1,950 
1.260 
1.280 

29 

30 

31 

1,430 
1,410 
1,890 
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SURFACE  WATER  SXHTLY,  1907-6. 


Monthly  discharge  of  Susquehanna  River  at  Wysoi^  Pa.,  for  1908. 
[Drainage  area,  7,930  square  miles.] 


Month. 


September. 
October... 
November 
December. 


Discharge  in  seoond-feet. 


Maximum. 


850 
1,860 
2.000 
2,250 


Mlnimam. 


525 

700 

1.300 

700 


Mean. 


621 


1,600 
1.560 


Per 
square 
mile. 


Rnn-off, 
(depth  in 
inches  on 
drainage 
area). 


0.078 
.118 
.202 
.197 


0.09 
.14 


Note.— The  discharge  for  September  1  was  estimated  at  850  seoond-feet  by  the  United  States  Oeologfcal 
Survey  to  complete  the  month.  The  discharge  for  December  is  probably  too  high  on  account  of  effect  of 
ice  conditions. 

SUSQUEHANNA   RIVER   AT   WILKESBARRE,   PA. 

This  station  is  located  at  the  Market  Street  Bridge,  Wilkesbanre. 
No  important  tributaries  enter  Susquehanna  River  for  several  miles 
above  or  below  the  station.  It  was  originally  estabUshed  by  the 
United  States  Geological  Survey  March  30,  1899.  The  United  States 
Weather  Bureau  has  also  maintained  gage  heights  records  at  this 
point  since  1888.  The  datum  of  the  United  States  Geological  Survey 
gage  was  placed  4.00  feet  below  the  datum  of  the  Weather  Bureau 
gage  to  obviate  negative  readings  and  was  soon  after  adopted  by  the 
Weather  Bureau.  Since  April  1,  1905,  when  the  Greological  Survey 
discontinued  reading  the  gage,  the  gage  heights  have  been  furnished 
by  the  Weather  Bureau.  The  records  of  stage  at  this  station  are 
utilized  by  the  Weather  Bureau  for  the  purpose  of  flood  predictions. 
The  United  States  Geological  Survey  determinations  of  the  regimen 
of  flow  are  of  value  for  navigation  and  power  purposes. 

The  datum  of  the  United  States  Geological  Survey  gage  has  re- 
mained constant  since  the  establishment  in  1899.  Records  obtained 
by  the  Weather  Bureau  prior  to  the  adoption  of  the  Geological  Survey 
gage  will  have  to  have  4.00  feet  added  to  reduce  them  to  the  present 
datum. 

The  discharge  at  this  point  is  frequently  affected  by  ice  during  th<5 
winter  period,  and  water  is  often  backed  up  many  feet  by  ice  gorges. 
Conditions  of  flow  are  subject  to  change  at  irregular  intervals.  A 
fairly  good  rating  curve  has  been  developed. 

Discharge  data  for  this  station  prior  to  1905  have  been  revised  and 
republished  in  Water-Supply  Paper  109. 

Discharge  measuremrnts  of  Susquehanna  River  at  Wilkesbarre,  Pa.^  in  1907S. 


Date.                                         Hydrographer. 

V/idth. 

Area  of 
section. 

Oace 
height. 

Dis- 
charge. 

1907. 
October  16 

R.  U.  Bolster 

Feet, 
591 

400 

So.  ft. 
6,020 

!t  nnn 

Feet. 
5.99 

2.70 

Sec.-ft. 

ii,aoo 

l.GOO 

1908. 
October  29 

K.C.Grant 
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Daily  gage  height^  infeei^  of  Susquehanna  River  at  WHkeshane,  Pa.,  for  1907-8. 
[Obadiah  Henstreet,  observer.] 


Jan. 

Feb. 

13.5 

9.4 

15.4 

9.2 

13.5 

9.2 

11.3 

8,3 

12.2 

ao 

14.4 

7.1 

12.5 

a9 

las 

7.0 

13.3 

7.0 

13.7 

6.9 

11.3 

ao 

9.5 

a3 

a5 

&6 

ai 

5.2 

ae 

&2 

9.8 

5.6 

8.7 

5.6 

8.4 

5.4 

6.6 

5.2 

7.3 

4.8 

12.4 

5.0 

12.5 

4.9 

9.8 

4.6 

10.5 

4.1 

11.3 

a7 

ia8 

a7 

10.1 

3.7 

9.9 

3.9 

9.8 

10.1 

lao 



12.0 

7.0 

9.9 

7.9 

9.5 

6.9 

8.4 

ae 

7.5 

as 

6.7 

a4 

6.1 

a  5 

5.6 

a  3 

7.6 

a2 

10.1 

ai 

10.1 

ao 

10.3 

ao 

10.8 

5.9 

9.1 

a9 

10.0 

7.1 

a5 

19.6 

7.1 

21.8 

7.0 

17.6 

6.1 

H.O 

5.8 

ia9 

5.6 

9.0 

5.5 

a  2 

5.5 

7.4 

6.0 

7.0 

5.8 

as 

5.5 

a2 

5.5 

7.8 

8.1 

ao 

9.4 

7.2 

9.9 

a5 

Mar. 

Apr. 

May. 

June. 

a7 

9.8 

9.3 

4.6 

a8 

a7 

9.6 

4.5 

a8 

7.7 

9.7 

4.7 

as 

7.0 

as 

4.9 

a6 

ao 

7.9 

a2 

a8 

as 

7.6 

ao 

a4 

ai 

7.3 

4.S 

a7 

ao 

7.1 

ai 

as 

&8 

ao 

ai 

as 

a7 

a4 

ao 

a2 

ai 

ai 

4.7 

ai 

ai 

7.4 

4.4 

ai 

a7 

7.0 

4.1 

as 

a9 

ao 

4.0 

ao 

a8 

a2 

4.0 

lao 

a8 

as 

as 

12.2 

as 

ao 

ao 

ia5 

a2 

a7 

as 

lao 

ai 

a7 

a4 

12.5 

ao 

as 

a4 

10.9 

a9 

a  4 

as 

9.9 

a7 

as 

a3 

ia7 

as 

a  2 

as 

lai 

as 

4.9 

a4 

14.8 

a7 

4.6 

as 

ia5 

las 

4.5 

a2 

11.7 

11.0 

4.4 

a4 

ia7 

14.6 

4.5 

as 

ia8 

12.6 

ai 

a2 

11.7 

lao 

as 

a4 

11.0 

ao 

ao 

14.9 

7.0 

ao 

a2 

12.5 

ia2 

a2 

ao 

11.3 

11.8 

a9 

a5 

las 

11.6 

a  4 

7.6 

9.4 

10.3 

ao 

7.6 

a6 

9.3 

4.6 

7.3 

ao 

as 

4.4 

a  6 

a  4 

ia9 

4.1 

as 

a  8 

ia7 

a  9 

a  6 

las 

las 

as 

as 

11.3 

14.5 

a  7 

7.0 

lao 

12.6 

a  6 

10.4 

9.0 

10.8 

a  6 

17.3 

as 

9.4 

a4 

20.6 

7.7 

as 

as 

21.0 

7.7 

9.2 

a  6 

20.9 

ai 

9.9 

a  4 

ia9 

a7 

9.3 

a4 

14.9 

ai 

a3 

a  4 

lai 

a9 

7.4 

a  4 

lao 

10.8 

a  9 

as 

11.0 

10.4 

a  6 

a  2 

10.3 

9.3 

as 

a  2 

10.4 

a  4 

as 

ai 

12.8 

7.7 

a2 

a  2 

14.9 

7.2 

ai 

as 

14.0 

as 

5.7 

a4 

15.6 

a  7 

a  4 

ai 

17.7 

an 

as 

a  2 

19.8 

as 

a  4 

ai 

lao 

a  2 

July. 


as 
a9 
a  2 

4.8 
4.5 

4.2 

a  9 

39 
4.0 

a  9 

a  6 
as 
as 

4.9 
4.9 

4.8 
4.2 

a  9 
a  6 
a6 

ae 
a6 
a  6 
a4 
as 

as 
a6 
a4 
a7 
a6 
as 


ao 

2.9 

ao 
as 
ai 

ai 
ai 
a2 
a  4 
ao 

2.9 

2.8 
2.8 
2.8 
2.8 

ao 

2.8 
2.8 
2.8 
2.7 

2.7 
2.7 

2.8 
2.9 

as 

4.3 

a  7 

4.5 

as 
a  4 
a  2 


Aug. 


a2 
ai 
ao 

2.9 
2.9 

2.9 
2.8 
2.9 
2.8 
2.7 

2.7 
2.6 
2.6 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.4 

2.3 
2.3 
2.2 
2.3 
2.3 

2.3 
2.3 
2.3 
2.2 
2.2 
2.2 


Sept. 


ao 

2.9 
2.8 
2.7 
2.6 

2.6 
2.7 
2.7 
Z6 
Z7 

2.6 
2.6 
2.6 
2.6 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5  ' 
2.  r. 

2.5  ' 
2.5 

2.6  , 

2.5 

2.8  , 

2.3 : 

2.3  I 
2.3  ; 
2.3  K 


2.2 
2.2 
2.2 
2.3 
2.5 

2.8 
2.8 
a4 

as 
a6 

a6 

a? 

7.4 
7.4 

ao 
ao 

4.4 
4.0 
4.0 
4.4 

4.0 

as 
a7 

4.1 
4.3 

4.0 
4.0 

a9 
a9 
a9 


2.3 
2.3 
2.2 
2.2 
2.2 

2.2 
2.2 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.4 
2.2 


Oct. 


Nov. 


as 
as 

4.4 
4.4 

ao 
a7 

7.1 

a7 

7.7 

as 

9.1 

7.  a 

7.0 

;.o 

a7 

ai 
a  7 
as 
ao 

4.6 

4.5 
4.5 
4.6 
4.6 
4.5 

4.2 
4.1 
4.3 

ao 
as 
as 


2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.1 
2.1 

2.1 
2.2 
2.2 
2.3 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.1 
2.1 
2.1 
2.1 

2.1 
2.5 
2.5 
2.7 
2.9 
2.9 


7.7 

a7 

7.4 
9.2 
9.8 

a7 

9.4 
12.1 
14.4 

lao 

11.3 
9.6 

as 

7.7 
7.1 

a6 
ai  I 
as 
a6  t 
as 

as 
as  I 
a4 
as  I 
as  I 

ai  I 
a2  I 
a  2 
as 
a7 


Dec. 


2.7 
2.5 
2.5 
2.5 
2.5 


2.6 
2.7 
2.7 
2.7 
2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.7 
2.7 
2.6 
2.6 


a7 
ae 
a4 
a2 

4.9 

4.8 
4.5 
4.5 
4.7 

as 

las 
las 
las 

12.4 

ia4 

9.4 

as 
a4 

7.9 
7.0 

7.0 

a  4 
a  7 

12.4 

ia7 

las 
lao 

U.7 
12.5 

ia7 

12.5 


2.6 
2.6 
2.5 
2.5 
2.5 


2. 6  2. 4 

2.6  2.6 

2.6  2.6 

2.5  2.3 

2.5  2.1 

2.4  2.3 

2.4  2.5 

2.5  2.3 
2.5  2.6 
2.5  2.6 


2.6 
2.6 
2.7 
2.3 
2.4 

2.6 
2.6 
2.3 
2.2 
2.7 

2.8 
2.6 
2.4 
2.5 
2.4 
2.7 


«Ic«  conditions  prevailed  from  about  January  24  to  Fobruary  25  and  February  28,  1907. 

^  Discharge  affected  by  ice  conditions  January  9  to  16  and  January  2S  to  PVbruary  14, 190S.  Il  is  probable 
that  Deoemner  was  not  much  Effected  by  ioe  conditions.  October  and  Novemljer  gage  heights  were  prob- 
ably In  error.    See  footnote  to  monthly  discharge  tabic. 


Digitized  by  VjOOQIC 


288 


SUBFACE  WATEB  SUPPLY,  1907-8. 
Rating  table  for  Susquehanna  River  at  Wilkesbarre,  Pa,,  for  1907-8. 


height. 

Dis- 
charge. 

.    Owe 
height. 

Dis- 
charge. 

1  Qace 
hei^t. 

Dls- 
charge. 

Qage 
height. 

Dis- 
charge. 

Feet. 

"^t 

Feet. 

See.'ft. 
3,270 

Feet. 

8ee.-ft. 

Feet. 

8ec.-fl. 

2.00 

3.60 

5.00 

7,600 

8.00 

19,000 

2.10 

860 

3.60 

3,600 

5.20 

8,300 

9.00 

24,350 

2.20 

970 

3.70 

3,740 

5.40 

9,000 

laoo 

29,350 

2.30 

1,090 

3.80 

3,990 

5.60 

9,720 

11.00 

34,600 

2.40 

1,220 

3.90 

4.250 

5.80 

10,460 

12.00 

40,300 

2.60 

1,360 

4.00 

4,520 

6.00 

11,200 

13.00 

46,060 

2.60 

1,510 

4.10 

4,790 

f    6.20 

11,970 

14.00 

52,250 

2.70 

1,660 

4.20 

6,070 

6.40 

12,760 

15.00 

58,700 

2.80 

1,820 

4.30 

5,360 

6.60 

13,650 

16.00 

65,500 

2.90 

2,000 

4.40 

5.660 

6.80 

14,370 

17.00 

72,800 

3.00 

2,190 

4.60 

5,970 

7.00 

16,200 

18.00 

80,500 

3.10 

2,390 

4.60 

6,280 

7.20 

16,050 

19.00 

88,600 

3.20 

2,600 

4.70 

6,600 

7.40 

16,910 

2a  00 

97,100 

3.30 

2,820 

4.80 

6,930 

7.60 

17,790 

21.00 

106,000 

3.40 

3,040 

1  "" 

7,260 

7.80 

18,690 

22.00 

115,300 

Note.— The  above  table  is  not  applicable  for  ice  or  obetructed-channel  conditions, 
charge  moasurements  made  during  1899-1908  and  is  well  defined. 


It  is  based  on  dis- 


Monlhly  discharge  of  Susquehanna  River  at  Wilkesharre^  Pa.  ^  for  1907-8. 
[Drainage  area.  9,810  square  miles.] 


Month. 


January... 
February. 

March 

April. 
Blay 


1907. 


Discharge  in  second-feet. 


y^^xi'"U'". 


61,400 


If  ay. 


June 

July 

Aueust 

Septemljer. 

October 

November. 
December.. 


The  year . 


January 

February.. 

March 

April 

May 

June 

July 

August 

Septemf)er. 

October 

November. 
December.. 


1908. 


The  year. 


65,500 
56,100 
27,800 
8,300 
8.300 
2,600 
16,900 
24,800 
54,800 
86,100 


86,100 


40.200 

113,000 

106,000 

68.000 

83.400 

12,000 

10.100 

2,190 

1,220 


1,820 


113,000 


Minimum. 


2,390 
8,660 
5,660 
2,600 
2,820 
970 
970 
3,990 
7,950 
6,970 


970 


11,200 
13.600 
8,300 
2,390 
1,660 
1,090 
760 


760 


Mean. 


29,500 

5,350 

24,100 

17,900 

13,700 

4,810 

4,370 

1,490 

5,140 

11,100 

18,000 

30.400 


13.900 


14,100 

21.600 

46,200 

26.000 

26,800 

4,470 

2,720 

1,480 

800 

1,270 

1,860 

1,360 


12,100 


Per 
square 
mile. 


3.01 
.546 
2.46 
1.82 
1.40 
.490 
.445 
.152 
.524 
1.13 
1.90 
3.10 


1.41 


1.44 
2.20 
4.61 
2.55 
2.63 
.466 
.2n 
.161 
.069 
.129 
.189 
.139 


1.24 


Run-off 
(depth  in 
inches  on 
drainage 

area). 


Aoeo- 
racy. 


3.47  B. 

.57  B. 

2.84  A. 
2.03  ;  \. 

1.61  A. 

.55  B. 

.51  B. 

.18  K. 

.68  B. 

1.30  A. 

2.12  A. 

3.57  A. 


19.33 


l.€ 

2.37  B. 

5.22  '  A. 

2.84  I  A. 

3.03 ;  A. 

.51  '  B. 
.32,  B. 
.17  B. 
.10  I  B. 
.16  1  B. 
.21  I  B. 
.  16  i  B. 


16.84 


Note.— Discharge  during  the  frozen  periods,  1907,  based  on  comparisons  with  Susquehanna  RItct  at 
Danville.  With  the  exception  of  a  few  oays  diiring  the  latter  part  of  February  and  the  first  of  Msrch  the 
station  at  Danville  was  not  much  affected  by  ice  conditions.  Further  comparisons  of  Wilkesbvrp  with 
stations  in  this  drainage  in  the  State  of  New  York  show  that  the  above  values  are  very  close  lor  January, 
February,  and  March. 

Seoond-feet. 

Discharge  January  24  to  31, 1907 12,800 

Discharge  during  the  froien  periods,  1908,  estimated  on  the  basis  of  intercomparisons  with  the  discharge 
at  othrr  \yomxs  in  this  drainage  and  climatalogical  reports.  Comparisons  of  discharge  for  October  and 
Novemf)er,  I9(W,  made  it  eviflmt  that  the  gage  readings  for  these  two  months  were  iMX>bably  in  error.  The 
monthly  means  were  accordingly  corrected  to  the  values  given  above. 

Second-feet. 

Discharge  January  9  to  16,  1908 14.300 

January  28  to  31.  1908 7,500 

February  1  to  14, 1908 6,000 
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SUSQUEHANNA   BIYEB  AT   DANVILLE,  PA. 

This  station  is  located  at  Mill  Street  Bridge  in  Danville.  It  is 
52  miles  below  Wilkesbarre  and  11  miles  above  the  mouth  of  West 
Branch  of  Susquehanna  River.  There  are  no  important  tributaries 
within  several  miles  of  the  station.  It  was  established  March  25, 
1899,  by  the  United  States  Geological  Survey.  It  is  now  being  main- 
tained by  the  Pennsylvania  state  water-supply  commission,  from 
whom  the  tables  of  daily  gage  heights  and  discharge  measurements 
made  by  engineers  of  the  commission  are  obtained. 

The  Susquehanna  at  this  point  is  paralleled  on  the  north  side  by 
the  Pennsylvania  Canal. 

On  March  9,  1904,  the  bridge  and  gage  were  carried  away  in  an  ice 
freshet,  and  from  that  date  until  March  24,  1905,  after  the  new  steel 
bridge  was  completed,  observations  were  made  from  temporary 
gages  and  were  constantly  liable  to  error  for  stages  less  than  5  feet. 
With  the  exception  of  this  period  the  datum  of  the  chain  gage  has 
remained  constant  during  the  period  of  maintenance  of  the  station. 

The  discharge  during  the  winter  is  considerably  affected  by  ice. 
Conditions  of  flow  at  this  point  are  permanent  and  an  excellent  rat- 
ing curve  has  been  developed. 

Discharge  data  for  this  station  prior  to  1905  have  been  revised 
and  republished  in  Water-Supply  Paper  109. 

Discharge  measurements  of  Susquehanna  River  at  Danville j  Pa.j  in  1907-8, 


Date. 

Ilydrographcr. 

Width. 

Area  of 
section. 

hei^t. 

Di9. 
charge. 

1907. 
October  15 

Bolster  and  Grant .     ......        

Feet. 
980 

872 

Sq.ft. 
4,400 

1,460 

Feei, 
6.07 

1.74 

See^t. 
14,700 

1908. 
September  15... 

F.  K.  T^ngfnhpfm 

981 

16254— IBR  241—10 19 
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SUBFACE  WATEB  SUPPLY,  1907-8. 


Daily  gage  height,  in  feet,  of  Susquehanna  River  at  Danville,  Pa.,  for  1907-^, 
(Ed.  F.  Bell,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 



3.8 
3.6 
3.9 
4.4 
4.0 

3.9 
4.2 
3.6 
3.9 
3.7 

3.6 
3.5 
3.4 
3.6 
4.3 

4.2 

a9 

3.7 
3.6 
3.3 

a4 

3.3 
Z.2 
3.3 
3.1 

3.0 
3-0 
3.0 
2.9 
3.3 
3.2 

2.6 
2.5 

a3 

ai 

2.9 

2.9 
2.9 
2.7 
2.7 
2.9 

2.6 
2.6 
2.6 
2.4 
2.6 

2.3 
2.6 
2.4 
2.6 
2.4 

2.4 
2.7 
2.6 
2.5 
2.9 

ai 
a6 

4.2 
a  9 
ai 
ao 

Aug. 

Sept. 

- 

Not. 

Dec 

1907.* 
1 

lae 

12.5 
11.46 

ia2 

9.3 

11.56 
10.6 
9.4 
10.6 
10.0 

9.6 
&6 
7.8 
7.0 
6.6 

7.7 
7.0 
6.6 
6.0 
5.7 

8.5 
10.5 
9.05 
6.9 
6.0 

6.7 
5.0 
4.4 
4.5 
4-4 
4.5 

9.0 
8.9 
7.7 
7.0 
6.8 

5.8 
6.7 
6.4 
4.9 
4.5 

4.2 
6.3 

6.4 
6.8 
7.5 

6.4 
6.0 
5.7 
5.3 
5.0 

4.9 
4.7 
4.6 

4.7 
4.6 

4  4 

4.1 
4.2 
3.9 
4.4 
4.1 

4.6 
4.5 
4.3 
4.1 
4.0 

3.9 
3.7 
3.7 
3.6 
3.6 

3.5 
3.4 
3.4 
3.2 
3.3 

3.2 
3.2 
3.2 
3.1 
3.3 

3.3 
3.6 

4.2 

'io.'s' 

15.9 
17.0 
14.4 
11.7 
10.0 

7.6 
6.8 
6.0 
5.7 
5.4 

6.6 
7.2 
7.2 
6.5 

"is" 

3.9 
4.2 
4.4 

5.6 
6.2 

8.65 
10.2 
11.7 
11.25 
10.6 

10.1 

9.1 

8.6 
11.2 
1^3 

11.5 
10.1 

9.0 

8.5 

8.9 

9.2 

6.3 
6.6 
6.4 
5.1 
6.1 

6.2 
6.1 
6.0 
6.0 

6.8 

6.7 

6.6 

7.4 
12.3 
16.1 

16.8 
15.5 
14.6 
13.5 
14.1 

12.2 
10.6 
9.8 

a4 

9.6 

11.8 
11.3 
11.3 
13.3 
15.3 
15.2 

8.7 
7.5 
6.7 
6.0 
6.6 

5.4 
6.3 
6.2 
4.9 
4.9 

4.9 
6.1 
6.3 
6.3 
6.6 

6.6 
6.5 
6.3 
6.0 
6.0 

4.9 
4.8 
4.8 
4.6 
4.6 

8.4 
&1 
11.1 
10.15 
9.3 

12.7 
10.7 
9.5 
9.1 
8.0 

7.2 
7.0 
7.0 
6.8 
7.1 

7.9 
7.6 
6.9 
6.7 
6.4 

6.2 
6.2 
7.8 
7.7 
7.6 

7.7 
8.4 
7.6 
6.9 
6.6 

6.0 
5.6 

5.8 
6.8 
5.5 

&0 
7.2 
7.8 
7.4 
6.8 

6.1 
6.0 
6.9 

5.8 
6.8 

6.1 
6.9 
6.6 
6.3 

5.3 
5.1 
4.9 
4.9 
4.7 

4.5 
4.6 
4.6 
4-2 
4.1 

4.0 
3.8 
3.8 
3.9 
4.4 
4.4 

6.4 
6.7 
9.2 
9.6 
8.6 

7.7 
8.1 
11.6 
12.5 
12.9 

12.1 
11.1 
9.6 
8.8 
8.1 

8.5 
8.6 
8.0 
7.5 
6.9 

6.1 
5.9 
6.7 
5.6 
5.5 

5.1 
4.9 
4.9 
4.6 
4.6 
4-7 

4.1 
4.3 
4-5 
4.4 
4-6 

4.6 
4.4 
4-3 
4-3 
4.3 

4.2 
4.1 
3.8 
3.7 
3-7 

3.6 
3.3 
3.3 
3.2 
3.1 

3.2 
3.2 
3.0 
3.1 
3.1 

3.0 
3.1 
3.1 
2.9 
3.2 

4.7 
6.1 
6.0 
4.8 
4.4 

4.1 
4.0 
3.6 

l\ 

a2 

3.2 
3.1 
3.0 
3.1 

3.2 
3.0 

ao 

3.0 

2.8 

2.9 
2.8 
2.7 

2.8 
2.8 

2.8 
2.9 
2.8 
2.7 
2.7 

ai 

2.9 
2.9 

2.8 
2.7 

2.6 
2.6 
2.6 
2.4 

2.6 

2.4 
2.5 
2.3 
2.4 
2.4 

2.3 
2.2 
2.3 
2.1 
2.2 

l\ 

ZO 
2.2 
2.Z 

2.3 
2.1 
2.2 
2.0 
2  1 
2.0 

2.7 
2.6 
2.4 
2.5 
2.3 

Z4 
2.3 
2.4 
2.3 
2.3 

2.2 
2.3 
2.2 
2.3 
2.2 

2.2 
2.1 
2.2 
•2.2 
2.2 

2.1 
2.2 
2.2 
2.3 
2.1 

2  2 

2.2 

2.2 

2.0 

1.95 

1.95 

2.0 
1.9 
2  0 
ZO 
2.2 

2.3 
2.4 
2.6 
2.7 

a5 

4.2 
4.8 
6.8 
6.4 
6.7 

4.9 
4.1 

as 
a5 
a  6 

a8 
ae 
a7 
a7 

4.0 
4.0 

a6 
a6 
a5 
a6 

1.95 
1.95 
1.85 
1.85 
1.85 

1.85 
1.85 
1.75 
1.75 
1.75 

1.75 
1.75 
1.76 
1.75 
1.75 

1.75 
1.75 
1.75 
1.65 
1.65 

1.65 
1.66 
1.65 
1.65 
1.65 

1.66 
1.65 
1.65 
1.76 
2.05 

ae  ' 
a4 
as 
a6 

4.0 

4.4 

6.3 
5.7 
6.0 
6.5 

7.6 
6.9 
&1 
6.8 
6.7 

6.4 
4.9 
4.6 
4.3 
4.1 

a9 
a8 
a8 
a9 
a9 

a7 
a7 

4.1 
4.6 
5.8 
7.6 

2.05 
1.95 
1.85 
1.95 
1.85 

1.85 
1.85 
1.85 
1.85 
1.86 

1.85 
1.95 
1.85 
1.85 
1.95 

1.85 
1.85 
1.85 
1.85 
1.85 

1.85 
1.86 
1.75 
1.75 
1.85 

2.0 
2.1 
2.3 
2.3 
2.6 
2.4 

&8 
6.0 
7.2 
8.4 
7.6 

7.1 

&9 
9.8 
11.6 
10.9 

9.0 
8.2 
7.0 
6l7 
6.0 

&6 
5.3 

5.0 

4-8 
4.7 

4.6 
4-6 
4.6 
4.5 
4.4 

4.4 

4.3 
4.5 
4.6 
4.6 

2.5 
2.4 
2.4 
2.3 
2.3 

2.2 
2.3 
2.2 
2.3 
2.1 

2.2 
2.1 
22 
2.1 
2.3 

2.2 
2.2 
2.2 
2.4 
Z8 

2.3 
2.2 
2.3 
2.2 
2.2 

2.1 
2.3 
2.2 
2.2 
2.1 

4.8 

2 

4.8 

3 

4.6 

4 

4.6 

5 

4.3 

6 

4.1 

7 

4.3 

8 

4.2 

9 

a9 

10 

4.9 

11       

R8 

12 

1.S.3 

13 

12.4 

14 

11.6 

15 

ia2 

16 

7.8 

17 

7.4 

18 

6.9 

19 

6.5 

20 

6.2 

21 

59 

22 

5.4 

23 

57 

24 

&6 

25 

14.4 

20 

14.0 

27 

11.6 

28 

9.3 

29 

9.1 

30 

lae 

31 

lai 

1908.6 

1 

2 

22 
21 

3 

22 

4 

21 

6 

21 

6 

ZO 

7 

21 

8 

20 

9 

22 

10 

11 

12 

13 

14.        

15. 

21 

21 
2.3 
24 
IS 
2.4 

16..     

17 

18 

22 
21 
24 

19 

28 

20      . 

27 

21 

?. 

22 

29 

23 

a4 

24 

a6 

25 

as 

26 *... 

13 

27 

13 

28 

30 

29 

28 

30 

27 

31 

27 

o  lop  conditions  prpvailod  from  a>>out  February  20  to  March  15. 1907. 

6  Ice  conditions  prevailed  from  about  January  30  to  February  16  and  December  9  to  31, 1906. 
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Rating  table  for  Siisquehanna  River  at  Danville^  Pa.f/or  1907S. 


hAlX- 

Dis-      ! 
charge. 

hel^t 

Dis- 
charge. ' 

Gage 
height. 

DIs-      ! 
charge. 

helX- 

Dis- 
charge. 

Feet. 

See.'ft. 

Feet. 

't^ 

Feet. 

See.'ft. 

Feet. 

8ec.-ft. 

1.60 

790 

3.10 

4.60 

11,000 

7.20 

2.5,720 

1.70 

920 

3.20 

4,840 

4.70 

11,500 

7.40 

26,960 

1.80 

1,070 

3.30 

6,220 

4.80 

12,020 

7.60 

28.260 

1.90 

1,240    ' 

3.40 

5.600 

4.90 

12,640 

7.80 

29,580 

2.00 

1,420    < 

3.  GO 

6.000 

.'i.OO 

13,060 

8.00 

30,940 

2.10 

1,620 

3.60 

6,400 

5.20 

14,150 

9.00 

38.200 

2.ao 

1.830 

3.70 

6,800 

5.40 

16,250 

10.00 

46,220 

2.30 

2,060 

3.80 

7,220 

5.60 

16,350 

11.00 

64,920 

2.40 

2,300 

3.90 

7,660 

5.80 

17.450 

12.00 

64,320 

2.50 

2,.'ie0 

4.00 

8,100 

6.00 

18.550 

13.00 

74,420 

2.60 

2,840 

4.10 

8,560 

6.20 

19.710 

14.00 

85,120 

2.70 

3,140 

4.20 

9.040 

,    6.40 

20,900 

16.00 

96.420 

2.80 

3,460 

4.30 

9,-520 

;    6.60 

22,100 

16.00 

108,520 

2.90 

3,780 

4.40 

10.000 

6.80 

23,. 300 

17.00 

121,620 

3.00 

4,120 

'    4.50 

10.500 

7.00 

24,500 

Note.— The  above  table  Is  not  applicable  for  Ice  or  obstnicted-channel  conditions.    It  Is  based  on  dis- 
charge measurements  made  during  1899-1908,  and  is  well  defined. 

Monthly  discharge  of  Susquehanna  River  at  Danville^  Pa.,  for  1907 S. 

[Drainage  area,  11,100  square  miles.] 


Month. 


January 

February.. 

March 

ApriU 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1907. 


The  year. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 
October — 
November.. 
December.. 


1908. 


The  year. 


Discharge  in  second-feet. 


Maximum. 


60,300 
11,000 
67.300 
55,800 
30,900 
11,000 
10,000 
4,480 
20,900 
28,300 
60.500 
99,900 


99,900 


Minimum. 


10,000 


11,000 
7,220 
3,780 
3,780 
1,420 
1,240 
6,600 
9,520 
7,660 


Mean. 


1,240 


42.900 

122,000  , 

119.000 

71,300 

73.400 

13,600 

9,040 

3,140 

1,520 

2,560 

2,560 


122,000 


13,600 

15.800 

11,000 

3.140 

2,060 

1,330 

855 

995 

1,620 


32,900 
6.860 
26,300 
20,100 
16,800 
6,920 
6,360 
2,300 
6,970 
12,700 
22,000 
35,300 


16,100 


16,700 

25,900 

51,400 

27,800 

31,200 

5,750 

3.640 

1,960 

1,020 

1,350 

1,940 

1,600 


Per 
square 
mile. 


2.96 
.628 
2.37 
1.81 
1.42 
.623 
.673 
.207 
.628 
1.14 
1.98 
3.18 


Run-off 

(depth  In 

Incnes  on 

drainage 

area). 


3.41 

.65 

2.73 

2.02 

1.64 

.70 

.66 

.24 

.70 

1.31 

2.21 

3.67 


19.84 


1.50 
2.33 
4.63 
2.50 
2.81 
.518 
.328 
.177 
.092 
.122 
.175 
.144 


14,200  ; 


1.28 


Accu- 
racy. 


1.73 
2.51 
5.34 
2.79 
3.24 

.68 

.38 

.20  I  B. 

.  10     B. 

.14     B. 

.20  !  B. 

.17     B. 


17.38  I 


Note.— Discharge  during  the  frozen  periods  estimated  on  the  basis  of  intercomparison  with  Susquehanna 
River  at  Wilkee-Barre  and  climatological  reports. 

Second-feet. 

Discharge  February  20  to  28, 1907 4, 100 

March  1  to  15, 1907 4,030 

January  30  to  31 ,  1908 7. 500 

February  1  to  14, 1908 7,000 

February  16, 1908 30,000 

December  9  to  31, 1908 1,690 
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SUBFACE  WATEB  SUPPLY,  1907-8. 


SUSQUEHANNA   BIYEB   AT   HABBldBUBO,  PA. 

This  station  is  located  at  the  Wahiut  Street  Bridge  at  Harrisburg. 
Daily  observations  of  stage  were  begun  at  Harrisburg  in  1890  by  E. 
Mather,  president  of  the  Harrisburg  water  board.  The  original  gage 
is  located  in  the  pump  well  at  the  pump  house  of  the  city  waterworks, 
the  well  being  connected  with  the  river  by  two  large  mains.  On 
July  18, 1904,  a  chain  gage  was  installed  on  the  Walnut  Street  Bridge. 
The  readings  are  now  furnished  by  the  United  States  Weather  Bureau, 
which  has  maintained  the  station  since  July  15,  1906. 

The  records  of  discharge  at  this  station  are  of  value  in  connection 
with  power  development  and  navigation  problems. 

The  river  is  divided  into  two  channels  at  this  point  by  Foster 
Island,  which  is  overflowed  at  times  of  flood. 

Conodoguinet  Creek  enters  Susquehanna  River  from  the  west 
about  2  miles  above  the  gaging  station.  Paxton  Creek  enters  from 
the  northeast,  about  1  \  miles  below  the  station.  The  Pennsylvania 
Canal  parallels  the  river  on  the  left  side. 

The  datums  of  both  gages  have  remained  constant  since  their 
establishment.  For  full  information  regarding  the  two  gages, 
changes  in  conditions  of  flow,  etc.,  see  Water-Supply  Papers  Nos. 
109  and  167.  The  discharge  at  this  point  is  affected  by  ice.  Con- 
ditions of  flow  here  have  been  relatively  permanent  during  the  past 
few  years,  and  a  good  rating  curve  has  been  developed. 

Discharge  data  for  this  station  prior  to  1905  have  been  revised  and 
republished  in  Water-Supply  Paper  109. 

Discharge  measurements  of  Susquehanna  River  at  Harrisburg ^  Pa.^  in  1907-S. 


Date. 


1907. 

July  22 

October  10 

1908. 

March  17 

September  12... 


Hydrograptaer. 


1  width.  I 


Area  of 
secUoo. 


A.  H.  Horton. 
R.  H.  Bolster. 


C.  E.  Ryder 2,C90 

Qrantand  Reckord 2,320 


Feet. 
2.340 
2,540 


8q.ft. 
8,800 
13,700 


42,400 
5,600 


Dto- 
t.  charge. 


Feet.  8ee.-fl. 
1.95  I  12.400 
3.00      32,900 


14.63  I 
.30 


264,000 
3,230 
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Daily  gage  height^  infeet^  of  Susquehanna  River  at  Earruhurg^  Pa,  ^  for  1907-8. 
[E.  R.  Demain,  observer.) 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

dbt. 

Nov. 

Dec 

1907.0 
1 

6.6 
9.9 
9.3 
7.9 
7.0 

6.9 
7.5 
6.7 
5.9 
7.0 

7.2 
6.4 
5.9 
62 
6.8 

7.3 
7.3 
6.5 
5.7 
5.7 

6.5 
9.1 
8.1 
6.5 
5.3 

4.4 

4.0 
3.6 
3.1 
3.2 
3.1 

7.6 
6.8 
63 
5.5 
4.9 

4.5 
4.0 
3.5 
3.3 
2.8 

2.9 
3.1 
5.5 

7.8 
7.5 

6.9 
5.8 
6.2 
4.6 
4.1 

3.9 
3.6 
3.5 
3.7 
3.6 

3.4 
3.4 
3.0 
3.0 
2.8 
2.4 

3.2 
3.2 
3.1 
3.0 
2.9 

2.7 
3.1 
5.8 
6.8 
5.9 

6.9 
5.9 
6.3 
5.3 
6.2 

4.9 
5.0 
5.1 
4.7 
4.5 

4.5 
4.3 
3.7 
3.3 
3.3 

3.4 
3.3 
3.5 

2.4 
2.6 
1.8 
1.4 
1.7 

2.6 
2.3 
3.0 
4.6 
3.9 

3.8 
3.8 
3.6 
3.6 
3.8 

12.4 
14.4 
12.4 
9.6 
7.6 

6.3 
6.3 
4.7 
4.3 
3.9 

3.9 
7.1 
6.2 
6.2 

3.3 
3.3 
3.5 
3.6 
3.4 

3r4 
3.5 
3.4 
3.4 
3.6 

3.6 
3.4 
3.5 
6.1 
11.6 

13.3 
11.0 
10.2 
10.6 
11.0 

11.6 
10.1 
8.6 

8.7 
9.8 

8.9 
7.8 
6.9 
6.4 
6.3 
6.6 

4.6 
4.1 
3.9 
4.2 
4.9 

5.3 
6.4 

6.7 
8.0 

7.8 

6.9 
7.1 
7.7 
9.4 
12.7 

13.9 
14.8 
13.0 
12.7 
16.9 

14.1 
10.4 
8.6 
7.6 
7.4 

8.3 
8.8 
8.7 
10.0 
11.2 
11.3 

6.0 
5.4 
4.9 
4.4 

4.1 

3.8 
3.6 
3.5 
3.6 
4.0 

4.0 
3.9 
3.8 
3.7 
3.6 

3.7 
3.6 
3.6 
3.4 
3.2 

3.2 
3.1 
3.1 
3.0 
3.2 

3.6 
6.4 
6.6 
7.2 
6.3 

9.8 
8.2 
7.2 
6.6 
6.1 

5.6 
6.1 
4.8 
4.7 
6.2 

6.7 
62 

6.8 
6.2 
4.8 

4.6 
4.6 
4.7 
4.9 
6.0 

6.3 
6.0 
6.7 
6.2 

4.8 

4.4 

4.2 
4.0 
4.0 
3.8 

6.6 
4.9 
4.7 
4.8 
4.6 

4.2 
4.0 
4.0 
4.0 
4.4 

6.5 
5.3 
4.8 
4.4 
4.1 

3.9 
3.7 
3.6 
3.4 
3.2 

3.1 
3.0 
2.9 

2.8 
2.6 

2.6 
2.6 
2.4 
2.4 
2.4 
2.6 

3.7 
4.4 
6.1 
6.1 
6.0 

5.6 
6.4 
8.6 
11.0 
10.5 

9.6 
8.5 
7.4 
6.4 
5.7 

6.1 
6.9 
7.1 
6.7 
8.0 

9.7 
8.5 
8.3 
7.6 
7.0 

6.0 
5.3 
6.5 
4.9 
4.6 
4.8 

2  6 
2.6 
3.3 
4.6 
4.5 

4.2 
4.1 
4.0 
3.7 
3.4 

3.3 
3.1 
3.0 
3.1 
2.9 

3.6 
3.2 
2.9 
2.6 
2.4 

2.3 
22 
2.2 
2.1 
2.0 

2.4 
2.6 
2.4 
2.3 
2.2 

5.1 
6.0 
4.7 
4.2 
3.8 

3.5 
3.2 
2.9 
2.7 
2.6 

2.5 
2.4 
2.3 
2.1 
2.0 

2.0 
2.1 
2.0 
2.0 
1.8 

1.8 
1.7 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 

2.4 
2.9 
3.5 
3.7 
3.3 

3.0 
2.8 
2.8 
2.6 
2.6 

2.4 
2.3 
2.1 
2.0 
1.9 

2.1 
22 
2.2 
20 
2.0 

2.0 
1.9 
1.9 
1.8 
1.6 

1.6 
1.6 
1.4 
1.4 
1.3 
1.5 

1.4 
1.4 
1.4 
1.4 
1.7 

1.7 
1.9 
1.6 
1.5 
1.4 

1.3 
1.3 
1.4 
1.3 
1.3 

1.2 
1.2 
1.2 
1.1 
1.1 

1.0 
1.2 
1.4 
1.7 
28 

3.1 
3.0 
2.7 
2.6 
2.2 
1.9 

1.5 
1.4 
1.3 
1.2 
1.1 

1.1 
1.1 
1.0 
1.0 
1.3 

1.2 
1.1 
1.1 
1.0 

.8 

.9 
.8 
.8 
.7 
.5 

.6 
.6 
.6 
.7 
.7 

.9 
1.0 
.9 
.8 
.6 
.6 

1.6 
1.4 
1.3 
1.1 
1.1 

1.1 
1.2 
1.2 
1.2 
1.4 

1.2 
1.2 
1.1 
1.1 
1.0 

.9 
.9 
.9 
.9 
.9 

1.0 
1.0 
1.1 
1.0 
1.0 

1.0 
1.0 
1.0 
.9 

.8 

0.6 
.6 
.6 
.6 
.8 

1.4 
1.1 
1.2 
1.2 
1.6 

2  7 
4.0 
4.1 
3.6 
3.4 

3.1 
26 
2.3 
22 
1.9 

20 
21 
2  4 
25 
26 

26 
2  4 
22 
21 
1.9 

0.7 
.6 
.6 
.5 
.5 

.6 
.6 
.4 
.4 
.4 

.4 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.7 
1.1 

20 
20 
2.0 
1.9 
20 

22 
2.5 
2  9 
3.3 
3.4 

3.7 
4.0 
3.6 
3.2 
3.1 

29 
2  7 
2  6 
23 
23 

2.0 
1.9 
1.8 
1.8 
1.9 

1.8 
1.8 
1.9 
20 
3.3 
3.9 

1.0 
.7 
.6 
.6 
.6 

.6 
.6 
.4* 
.4 
.4 

.6 
.6 
.6 
.6 
.6 

.6 
.6 
.5 
.5 
.4 

.4 
.4 
.4 
.4 

.5 

.9 
1.3 
1.3 
1.6 
1.4 
1.4 

4.2 
3.7 
4.0 
6.1 
5.4 

6.6 
4.9 
4.8 
6.9 
6.8 

6.1 
5.4 
4.7 
4.2 
3.8 

3.5 
3.2 
3.0 
29 
2.8 

28 
2  7 
28 
28 
3.0 

3.1 
3.0 
3.0 
29 
29 

1.4 
1.3 
1.2 
1.1 
.9 

.9 
.9 
.9 
.9 

.8 

.8 
.7 
.7 
.7 
.6 

.6 
.4 
.7 
.7 
.9 

.8 
.8 
.8 
.8 
.8 

.8 
.8 
.8 
.8 
.8 

3.0 

2 

2.9 

3 

2.9 

4 

2.8 

6 

2.5 

6 

2.5 

7 

2.4 

8 

2.3 

9 

2.2 

10 

2.8 

11 

9.9 

12 

10.7 

13 

10.0 

14 

8.3 

16 

7.0 

16 

6  0 

17 

6.3 

IS 

4  9 

19 

4.5 

20.            

4.1 

21 

3.9 

22 

3.7 

23 

3.5 

24 

4.6 

25 

8.8 

26 

10.7 

27 

9.1 

28 

7.6 

29 

6.7 

30 

7.0 

31 

7  8 

190e.» 
1 

0.8 

2 

.8 

3 

.6 

4 

.6 

5 

.6 

6 

.5 

7 

.6 

8 

.4 

9 

.3 

10 

,4 

11 

.8 

12 

.6 

13 

14 

.9 
.4 

16 

.9 

16 

1.1 

17 

1.0 

18      

1.1 

19 

.8 

20 

1.3 

21      

1.5 

22 

1.6 

23          

1.8 

24 

1.6 

25 

1.6 

26 

1.4 

27 

1.3 

28 

1.2 

29     

1.1 

30 

1.3 

31     

1.2 

«  CondiUons  of  flow  were  affected  by  Ice  conditions  from  February  7  to  March  13, 1907. 
b  ConditioQs  of  flow  were  affected  by  ioe  condltiona  from  about  February  8  to  14, 1906. 
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Rating  tahlffor  Susquehanna  River  at  Harrishurg,  Pa. ^  for  1907-8. 


hei^t. 
Feet. 

Dis- 
charge. 

hei^t. 
Fed. 

Dis- 
charge. 

Gage 
height. 

DIs- 
Charge. 

Oase 
height. 

Dls- 
charge. 

See.'ft. 
2,870 

See.-ft. 

FeH. 

aee.-ft. 

Feet. 

aee.-ft. 

0.20 

1.80 

11,560 

3.40 

28,140 

6.00 

68,400 

.30 

3,210 

1.90 

12,340 

3.50 

29,430 

6.20 

71,900 

.40 

3,570 

2.00 

13,160 

3.60 

30,800 

6.40 

75,500 

.50 

3,960 

2.10 

14,020 

3.70 

32,200 

6.60 

79,200 

.60 

4,380 

2.20 

14, 910 

3.80 

33,600 

6.80 

82,900 

.70 

4,830 

2.30 

15,830 

3.90 

35,000 

7.00 

86,600 

.80 

6,310 

2.40 

16,780 

4.00 

36,400 

aoo 

105,600 

.90 

5,820 

2.50 

17, 770 

4.20 

39,200 

9.00 

125,100 

1.00 

6,360 

2.60 

18,810 

4.40 

42,200 

10.00 

145,600 

1.10 

6,910 

2.70 

19,880 

4.60 

45,400 

11.00 

167,500 

1.20 

7;  490 

2.80 

20,990 

4.80 

48,600 

12.00 

190,500 

1.30 

8,100 

2.90 

22,120 

5.00 

51,900 

1X00 

214,200 

1.40 

8,740 

3.00 

23,270 

5.20 

55,100 

14.00 

238,900 

1.50 

9,400 

3.10 

24,450 

5.40 

58,400 

15.00 

264,700 

1.60 

10,090 

3.20 

25,650 

5.60 

61,700 

16.00 

291,500 

1.70 

10,810 

3.30 

26,880 

5.80 

65,000 

Note.— The  above  table  is  not  applicable  for  lee  or  obstructed-ebaiinel  condittons.  It  Is  baaed  on  dis* 
chfu^e  measurements  made  during  1897-1908  and  is  well  defined.  This  revision  of  the  curve  used  for  1906 
is  b^ied  on  the  low-water  measurement  of  1906,  general  tendency  of  recent  roeasuremento  to  give  lower 
discbarge  tlian  the  curve  previously  used,  and  an  interoomparison  of  Susquehanna  River  stations  during 
the  low  water  of  1906. 

Monthly  discharge  0/ Susquehanna  River  at  JIarrUhurg,  Pa.,  for  1907-S. 
(Drainage  area,  24,000  square  miles.] 


Month. 


January 

Februauy.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November.. 
December. . 


1907. 


Discharge  In  second-feet. 


Maximum. 


144,000 


The  year. 


January 

February... 

March 

April 

May 

June 

July 

August 

September. 

October 

NovemlKT. 
December. . 


The  year. 


221,000 
00.400 
61,700 
45.400 
32,200 
9.400 
37,800 
36.400 
82,900 

161,000 


Minimum. 


24,400 


Mean. 


76,300 
18.000 
82,200 
38,900 
33,900 
23,900 
15,700 
6,060 
15,300 
18,900 
37,300 
65,100 


221.000 


23,300 
16,800 
13,200 
8,100 
3,960 
3,960 
11.600 
19,900 
14,900 


3,960         36,000  1        1.50 


Per 
square 
mile. 


3.18 
.750 
3.42 
1.63 
1.41 
.996 
.654 
.253 
.638 
.788 
1.55 
2.71 


Run-off 
(depth  in 
inches  on 
drainage 
area). 


Accu- 
racy. 


3.67  !  A. 

.78    C. 
3.94 
1.81 
1.63 
1.11 

.75 

.29 

.71 

.91 
1.73 
3.12 


289,000 


102.000 

16.800 

249,000 

8,740 

289.000 

35.000 

141,000 

33,600 

168,000 

32,200 

63,500 

9,400 

24,400 

6.360 

10,100 

4,830 

6,910 

2.870 

10,100 

3,570 

8,740 

3,570 

11,600 

3,210 

45.500 

55,500 

128,000 

59,300 

84,600 

19,500 

11,000 

6,810 

3,550 

4,020 

5,530 

6,410 


2,870  1      35,900 


1.90 
2.31 
5.33 
2.47 
3.53 
.812 
.458 
.284 
.148 
.205 
.230 
.267 


1.40 


20.45  I 


2. 19  !  A. 

2.49  B. 

6. 14  >  A. 

2.76  .  A. 


4.06 
.91 
.53 
.33 
.17 
.24 
.26 
.31 


20.39 


Note.— Durinj?  the  frozen  periwls,  1907-8,  the  discharge  was  estimated  on  the  basis  of  interoomparisoos 
of  discharge  data  collo<ted  at  the  various  stations  In  Susquehanna  River  drainage. 

Seoond-feet. 

Discharge  Februarv  7  to  2S.  1907 16.500 

March  1  to  l.i,  1907 15.000 

February  8  to  14, 1908 12,  «0 
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SUSQUEHANNA  BIYER   NEAR   m'cALL   FERRY,  PA. 

The  cable  from  which  discharge  measurements  were  made  at  this 
station  is  located  about  1  mile  above  the  village  of  McCall  FeTvy. 
It  is  in  a  narrow  and' rocky  part  of  Susquehanna  River,  about  20 
miles  above  its  mouth.  The  two  principal  gages  to  which  the  meas- 
urements are  referenced  are  gage  No.  2,  about  three-fourths  of  a  mile 
below  McCall  Ferry,  and  gage  No.  5,  about  2  miles  below  McCall 
Ferry.  This  station  was  estabUshed  May  17,  1902,  by  Mr.  Boyd 
Ehle.  The  gage  heights  for  1907-8  were  furnished  by  Mr.  Cary  T. 
Hutchinson.  The  station  was  maintained  to  determine  the  discharge 
of  the  river  for  the  McCall  Ferry  power  development  and  to  check 
the  accuracy  of  the  records  obtained  at  Harrisburg. 

The  datum  of  each  gage  has  remained  constant  since  its  estab- 
lishment. The  gage  readings  give  the  elevation  of  the  water  surface 
above  sea  level  direct.  Gage  No.  2,  which  is  located  in  the  tailrace 
of  the  power  house  was  used  until  February  28,  1906,  when  opera- 
tions at  the  dam  caused  backwater  to  affect  the  relation  between 
discharge  and  gage  heights.  All  readings  since  then  have  been 
referred  to  gage  No.  5,  which  is  located  at  the  foot  of  Cullys  Falls, 
entirely  out  of  influence  of  the  dam. 

The  discharge  is  affected  by  ice  during  severe  winters.  Discharge 
measurements  made  at  this  station  have  been  referenced  to  both 
gages.  Conditions  of  flow  are  permanent,  and  an  excellent  rating 
curve  has  been  developed  for  each  gage. 

Discharge  data  for  this  station  prior  to  1905  have  been  revised  and 
repubUshed  in  Water-Supply  Paper  109. 

Daily  gage  height^  in  feet,  of  Susquehanna  River  near  McCall  Ferry ,  Pa. ,  for  1907-8. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

lW7.a 
I 

iiao 

116.9 
115.5 
113.3 
111.2 

110.8 
111.7 
111.0 
109.8 
109.7 

II1.6 
110.4 
109.8 
109.8 
110.9 

111.9 
111.8 
111.2 
109.5 
109.2 

106.4 
106.5 
106.6 
106.6 
105.7 

105.2 
105.0 
104.2 
101.6 
104.7 

104.7 
105.2 
104.9 
104.5 
104.4 

104.4 
104.4 
104.5 
104.8 
104.6 

102.8 
102.8 
104.6 
101.3 
104.0 

104.3 
101.3 
104.2 
104.3 
104.3 

104.2 
103.8 
104.3 
109.4 
121.7 

121.8 
118.0 
116.6 
116.9 
118.0 

109.5 
108.6 
107.7 
107.1 
106.4 

106.0 
105.7 
105.6 
105.4 
106.1 

106.5 
106.3 
105.6 
105.5 
105.3 

105.3 
105.3 
105.1 
105.7 
10i8 

109.1 
108.0 
107.0 
107.0 
106.7 

lO&l 
105.8 
104.9 
105.8 
105.3 

108.0 
108.4 
107.8 
106.8 
105.9 

105.1 
104.8 
104.2 
104.7 
104.3 

103.8 
104.0 
104.5 
106.2 
107.1 

106.6 
106.2 
106.0 
105.7 
105.3 

105.0 
104.9 
101.6 
104.5 
104.4 

104.7 
105.2 
104.7 
104.1 
103.8 

105.0 
105.0 
105.2 
101.5 
104.4 

104.4 
105.0 
104.5 
103.8 
103.3 

103.5 
103.7 
103.6 
104.0 
103.7 

102.5 
102.6 
102.5 
102.3 
102.6 

'i6i"2" 

102.2 
102.2 
102.3 
102.0 
101.9 

101.8 
101.8 
101.5 
101.3 
101.7 

101.5 
101.1 
101.4 
101.6 
101.5 

101.5 
101.8 
101.9 
101.9 
102.2 

102.5 
105.3 
107.0 
106.8 

105.1 
104.6 
103.9 
103.4 
103.1 

103.4 
103.2 
103.1 
103.0 
103.0 

"m.'i' 

104.0 
105.2 
105.3 

105.6 
106.0 

'm.3 

104.7 

104.5 
104.4 
104.1 
103.7 

10&5 
106.4 
106.4 
107.7 
10&5 

108.7 
108.3 
107.6 
108.6 

iia4 

110.0 
109.0 
107.8 
106.8 
106.2 

105.7 
105.4 
104.9 
104.9 
104.6 

104.8 

2 

104.9 

3 

104.7 

4 

104.7 

5 

104.3 

6 

104. 1 

7 

104.0 

8 

103.9 

9 

103.6 

10 

104.4 

U 

111.4 

12 

119.9 

13 

116.3 

14 

114.3 

15 

16 

110.4 

17 

109.3 

18 

108  4 

19 

107.6 

20 

107.1 

a  Gage  heights  1907-8  refer  to  Cullys  Falls  gafic.    Conditions  of  flow  probably  affected  by  Ice  conditions 
from  about  January  25  to  February  25. 1907.    March  3  to  13, 1907,  may  also  have  been  affected. 
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SUEFACE  WATER  SUPPLY,  1907-8. 


Daily  gageheighty  in  feet  ^  of  Su^qtuhanna  Rivernear  McCall  Ferry,  Pa,,  far  1907-8 — Con. 


Date. 


Jan.     Feb. 


Mar. 


Apr. 


May.    June. 


July.    Aug, 


Sept. 


Oct. 


Not. 


Dec. 


1W7. 
21 

iia9 

22 

uae 

23 

113.8 

24 

111.4 

S.:::::.:.!.... 

111.1 

26 

112.6 

27 

11a  6 

28 

109.0 

20 

106.6 

30 

106.6 

31 

106.6 

1006.a 
1 

112.1 

2 

113.3 

3 

iia2 

4 

109.2 

5 

106.4 

6 

107.3 

7 

106.7 

8 

106.7 

0 

107.2 

10 

105.7 

11 

12::::::;:::::::::::::: 

13 

111.9 

14 

112.5 

16 

112.6 

16 

111.7 

17 

109.9 

18 

108.9 

19 

107.9 

20 

107.1 

21 

106.7 

22 

106.4 

23 

106.1 

24 

106.2 

26 

106.0 

26 

106.0 

27 

106.2 

28 

105.9 

29 

106.1 

30 

ioa9 

31 

106.9 

104.2 
104.5 


117.8 
116.4 
114.8 
114.0 


102.9 
102.7 
103.0 


106.8 
106.5 
106.2 
105.3 
104.4 

1015 
104.0 
104.0 


104.0 

103.8 
103.1 
108.5 
103.8 
107.9 

119.9 
123.7 
12a  8 
116.3 
113.7 

110.7 
100.2 
108.4 
107.5 
106.3 

100.8 
114.0 
111.7 
109.3 


114.2 
112.2 
111.3 
lia3 
109.7 
109.6 

106.5 
107.3 
106.8 
107.8 
107.4 

106.5 
106.4 

iiao 

112.8 
113.1 

111.7 
111.0 
112.1 
113.7 
119.6 

121.9 
123.0 
121.0 
12a  1 
124.6 

123.0 
11&7 
114.5 
112.4 
111.9 

112.7 
114.0 
113.5 
115.6 
117.4 
118.2 


104.7 
105.1 
104.8 
104.5 

105.3 
107.0 
106.2 
lia8 

iia2 


116.2 
114.1 
112  4 
110.9 
110.0 

100.2 
106.1 
107.6 
107.4 
107.7 

106.5 


109.3 
10&5 
107.5 

107.3 
107.2 
107.2 


106.2 

ioo-'i 


107.0 


106.8 
106.6 
106.5 
106.5 


104.2 
104.0 
103.9 
103.8 
103.7 

103.5 
103.8 
108.8 
103.7 
103.7 
103.7 

106.4 
106.5 
107.3 
109.4 
109.6 

109.2 
109.5 
113.9 
117.5 
117.2 

116.7 
114.1 
112.5 
110.8 
109.5 

109.1 
111.0 
111.2 
111.0 
111.0 

116.2 
114.4 
114.0 
112.6 
111.9 

110.2 
108.8 
108.8 
108.1 
107.6 
107.1 


103.6 
103.5 
103.5 
108.4 
103.4 

103.5 
103.8 
108.8 
108.8 


107.7 
106.0 
107.6 
106.9 
106.5 

105.9 
106.4 
104.8 
104.3 
104.2 

104.1 
104.0 
103.9 
103.4 
103.1 

103.0 
102.9 
102.9 
102.9 
102.8 

102.7 
102.5 
102.5 
102.5 
102.4 

102.3 
102.2 
102.1 
102.1 
102.1 


103.5 
103.3 
103.2 
108.1 
103.1 

103.0 
102.8 
102.5 
102.4 
102.5 
102.5 

102.2 
102.2 
102.2 
102.2 
102.3 

102.6 
102.7 
102.8 
102.4 
102.4 

102.0 
101.7 
101.5 
101.7 
102.2 

•102.1 
102.0 
102.0 
102.0 
101.6 

101.8 
102.0 
102.1 
102.4 
105.4 

107.0 
106.0 
105.2 
104.1 
103.8 
103.3 


101.5 
101.4 
101.3 
101.4 
101.2 

101.2 
101.7 
101.8 
101.7 
101.7 
101.6 


103.0 


108.3 


103.6 
104.6 
104.5 

104.2 
104.0 
103.7 


103.7 


102.9  101.5 

102.5  101.5 

102.1  j  101.4 

102.0  :  101.4 

101.9  101.4 


101.8 
101.8 
102.0 
102.0 
102.0 

102.1 
102.0 
101.9 
101.8 
101.8 

101.7 
101.6 
101.8 
101.7 
101.6 

101.6 
101.7 
101.6 
101.7 
101.8 

102.0 
101.9 
101.8 
101.7 
101. 6 
101.4 


101.1 

ioa4 
loao 

10a  9 
10a  9 

loao 

10a  9 
10a  7 
10a  5 

ioa7 

10a  7 
10a  4 
10a  3 

ioa7 

10a  7 
10a  3 

ioa3 

10a  6 
10a  7 

ioa7 

10a  5 

ioa3 
ioa2 

10a  9 
101. 1 


102.7 
102.8 

102.7 
102.7 
103.0 
103.3 
104.1 
105u6 

101.3 
101.5 
101.4 
101.2 

loas 

101.2 
101.2 
101.0 
100  7 
100  6 

100  5 
100  3 
101.3 
101.0 
101.0 

ioa8 
loao 

101.0 
10a  7 
101.0 

1009 
100  8 
100  7 


104.4 
104.5 
104.5 
105.0 
lO&O 

10&6 
10&3 


106.7 
10&4 
106.5 
107.9 


104.9 
1018 


101.8 
102.0 
102.0 
101.9 
102.2 


101.8 
101.8 
101.8 
101.7 
101.6 

101.5 
101.4 
101.3 
101.2 
101.2 
101.2 
101.2 
101.0 

ioa9 
loao 

10a  9 
100  8 
101.1 
101.1 
101.3 

101.3 
101.3 
101.3 
101.2 
101.1 

101.1 

ioa7 
ioa3 

100  4 
100.9 


117.5 
115.3 
112.9 
111.0 
1109 
112L0 

101.4 
101.4 
101.2 
101.3 
1007 

1004 
1005 
101.0 
101.1 
100  6 

100  7 
101.0 
101.2 
100  3 
101.3 

101.3 
101.5 
101.4 
101.4 
101.5 

101.2 
102.1 
102.3 
102.3 
102.0 

101.0 
101.5 
10L5 
101.6 
101.5 
101.6 


a  Gage  heights  1907-8  refer  to  CuUys  Falls  gage, 
ditlons  from  about  January  26  to  March  14, 1908. 


Conditions  of  flow  were  probably  affected  by  ice  con- 
Rating  table  for  Susquehanna  River  near  McCall  Ferry,  Pa.,  for  1907S. 


Gage 
hel^t. 

Dis- 
charge. 

Feci. 

Sec.'ft.   1 

100.20 

2,690    I 

100.30 

2,950 

100.40 

3,230 

100.50 

3,530 

100.60 

3,850 

100.70 

4.190 

100.80 

4,550 

100.90 

4,930 

101.00 

5,330 

101. 10 

5,760 

101. 20 

6,200 

101.30 

6,  ««0 

101.  40 

7,120 

101.50 

7,600 

101.60 

8,090 

101.  70 

8.600 

101.80 

9.120 

101.90 

9,650 



Gage 
height. 

Dis- 
charge, j 

hei^t. 

Dis- 
charge. 

'    Ga^ 
height. 

Dis- 
charge. 

Feet. 

8ee.-ft. 

Feet. 

See.-ft. 

Feet. 

a 

102.00 

10,200 

103.80 

21,840 

106.00 

6 

102.10 

10,760 

103.90 

22.560 

109.00 

6 

102.20 

11,330 

10100 

23,300 

110.00 

7 

102.30 

11,910 

10120 

24,800 

111.00 

8 

102.40 

12,500 

104.40 

26.320 

112.00 

10 

102.50 

13,110 

10160 

27,860 

113.00 

11 

102.60 

13, 720 

104.80 

29,420 

11100 

12 

102.70 

14.350 

105.00 

31.000 

115.00 

14 

102.80 

14,990 

105.20 

32,600 

116.00 

15 

102.90 

15,640 

105.40 

34,240 

117.00 

17 

103.00 

16.300 

105.60 

35,920 

118.00 

18 

103.10 

16,960 

105.80 

37,640 

119.00 

20 

103.20 

17,r>40    1 

106.00 

39,400 

120.00 

21 

103.30 

18,320    1 

106.20 

41.160 

121.00 

23 

103.40 

19,000 

106.40 

42,940 

122.00 

25 

103.50 

19,700 

106.60 

44.740 

123.00 

26 

103.00 

20,400 

106.80 

46,560 

12100 

28 

103.70 

21,120 

107.00 

48,400 

125.00 

30 

Note.— The  above  tabic  is  not  applicable  for  ioc  or  obstructod-channel  conditions.    It  is  applicable  only 
to  the  Cullys  Falls  gage.    It  is  based  on  37  discharge  measurements   made  during  1902-1904  and  is  weU 
Ac.t\rs^A  above  gage  height  101.2  feet.    Below  this  gage  height  the  curve  is  uncertain  and  may  be  as  much 
cent  in  error  at  gage  height  100.2  feet. 
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Monthly  discharge  of  Susquehanna  River  near  McCall  Ferry ^  Pa.  y  for  1907-8. 
[Drainage  area,  26,800  square  mOes.] 


Month. 


DIacharge  in  second-feet. 


MftxJTnnni 


Mininnim. 


Mean. 


Per 
square 
mile. 


Ron-ofl 

(depth  in 

incneson 

drainage 

area). 


Accu- 
racy. 


January 

February.. 

March 

AprU 

May 

June 

July 

August 

September. 

October 

November. , 
December.. 


1907. 


170,000 


248,000 
86,000 
68,100 
49.300 
34,200 
13.700 
48,400 
39.400 
81,400 

217,000 


15,000 
27,100 
19,700 
19.000 
12,500 
6,200 
5,760 
14,400 
26,300 
20.400 


84,000 
21.700 
93,500 
42,500 
^,100 
28.000 
23.100 
9,670 
19.700 
22,800 
44,300 
74,600 


3.13 
.810 
3.49 
1.59 
1.31 
1.04 
.862 
.357 
.736 
.851 
1.66 
2.78 


3.61 

.84 

4.02 

1.77 

1.61 

1.16 

.99 

.41 

.82 

.98 

1.84 

3.20 


The  year. . 


248,000 


6,760 


41,600 


1.56 


21.15 


January 

February.. 
March 

i&f::::.:. 

June 

July 

August 

September. 
October.... 
November. 
December.. 


The  year. 


108,000 
281,000 
297,000 
160.000 
180.000 
57,600 
48,400 
15,600 
7,600 
11,300 
0,120 
11,900 


46,600 
43.800 
42,900 
10.800 
7.600 
7,120 
2.690 
2,950 
2.950 
2,950 


66,500 
70,100 
138.000 
66,100 
92,700 
23,000 
15,600 
0,510 
4,500 
6,250 
6,200 
6,900 


2.11 
2.61 
6.16 
2.47 
3.46 
.892 
.582 
.355 
.171 
.233 
.231 
.257 


2.43 

2.82 

6.94 

2.76 

3.99 

1.00 

.67 

.41 

.19 

.27 

.26 

.30 


297,000 


2,600 


41,400 


1.54 


21.04 


Note.— Discharge  during  the  frozen  periods,  1907-8,  estimated  on  the  basis  of  discharge  in  adjacent 
drainages  and  an  intercomparlson  of  the  discharge  at  various  points  In  Susquehanna  River  drainage. 
Discharge  for  days  of  missing  agage  heights  estimated  on  the  basis  of  the  discharge  at  Harrisburg  for  days 
given  below;  for  all  other  days  discharge  interpolated: 

Seoond-feet. 

Discharge  January  25  to  31, 1907 44, 300 

February  1  to  25, 1907 22,400 

March  25, 1907 160,000 

June  30, 1907 21,000 

July  1  to  4, 1907 32,500 

August  6  to  9,  1907 10,200 

December  15, 1907 100.000 

December  25, 1907 130,000 

January  11  to  12, 1908 36,000 

January  26  to  31, 1908 30,000 

February  1  to  14, 1908 18,600 

April  12, 1908 85,000 

April  22, 1908 82.000 

CHENANGO  RIVER  BASIN. 
DESCRIPTION. 

Chenango  River  rises  in  the  central  part  of  Madison  County,  N.  Y., 
and  flows  southward  into  the  Susquehanna  at  Binghamton.  It  is 
approximately  70  miles  long,  and  its  drainage  area  comprises  about 
1,580  square  miles.  Its  headwater  valleys  he  at  an  elevation  of  about 
1,200  feet  above  sea  level,  and  its  mouth  is  864  feet  above  tide.  Its 
bed  is,  as  a  rule,  composed  of  sand  and  gravel,  and  the  stream  is 
bordered  in  many  places  by  bottom  lands  subject  to  overflow.  A 
portion  of  the  headwatei-s  are  diverted  across  the  Chenango-Mohawk 
divide  through  Oriskany  Creek  to  feed  the  summit  level  of  the  Erie 
Canal. 
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Considerable   power  is   developed   at   Binghamton   and  at  Port 
Dickinson,  3  miles  above. 


CHENANGO  RIVER  NEAR  GREENE,  N.  Y. 

This  temporary  station  was  located  at  the  steel  highway  bridge 
about  3  miles  above  the  to\ni  of  Greene,  N.  Y.  It  was  established 
September  5,  1908,  to  obtain  data  regarding  the  low-water  flow  of 
the  upper  Chenango  River,  and  was  discontinued  November  5,  1908. 

Above  the  station  are  numerous  small  tributaries.  Eleven  miles 
below  the  station  the  river  joins  Tioughnioga  River,  at  Chenango 
Forks. 

The  nearest  dams  are  at  Oxford,  12  miles  above,  and  at  Greene,  3 
miles  below  the  station,  but  neither  has  any  effect  upon  the  flow  at 
the  bridge. 

Information  regarding  this  station  is  contained  in  the  reports  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Chenango  River  near  Greene,  N.   F.,  in  J 908. 


Date. 

Hydroftrapher. 

Width. 

Pert. 
28 
30 

Area  of 
section. 

Gaee       Db- 
heifbt.   cfaarire. 

Septembers.... 
SentemberSO 

C.  R.  Adftmf? 

43.0 

Feet.    [Sec. -ft. 
4. 60          53. 8 

do             

5.00  1        55.3 

Daily  gage  height,  in  feet,  of  Chenango  River  near  Greene,  N.  Y.,/or  1908. 
[Benjamin  Rounds,  observer.] 


Day. 

Sept. 

1 

2 

3 

4 

6 

4.6 

6 

4.8 

7 

4.8 

8 

4.8 

9 

4.8 

10 

4.7 

Oct. 


5.0 
5.2 
5.4 
5.2 
5.0 

5.1 
5.0 
4.9 

4.8 
4.9 


Nov. 


Day. 


5.4      11.. 

5.3  r  12.. 

5.4  I  13.. 
5.3  I  14.. 
5.2    I  15.. 


I  16.. 
I'  17.. 

18.. 

19.. 

20.. 


Sept. 

Oct. 

Nov. 

4.7 

5.2 

4.7 

5,1 

4.7 

5.2 

4.65 

6.1 

4.7 

5.0 



4.6 

5.1 



4.7 

5.1    

4.6 

5.0    

4.6 

4.9' 

4.5 

4.8 

Day. 


21.. 
22.. 
23.. 
24., 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Sept. 


4.5 

4.6 

4.55 

4.6 

4.5 

4.6 
4.6 
4.6 
4.7 
5.0 


Oct.      Nov. 


4.9 
4.9 
4.8 
4.8 
4.9 

5.0 
5.1 
5.3 
5.4 
5.8 
5.5 


CHENANGO   RIVER  AT   BINGHAMTON,  N.  Y. 

This  station,  which  is  located  at  the  Court  Street  Bridge  at  Bing- 
hamton, was  established  July  31,  1901,  to  obtain  general  statistical 
and  comparative  data  regarding  the  total  flow  of  the  Chenango,  and 
has  since  been  maintained  in  cooperation  with  the  New  York  State 
engineer's  department. 

Tioughnioga  River  enters  Chenango  River  from  the  northwest 
about  14  miles  above  the  gaging  station.  The  Chenango  River  enters 
Susquehanna  River  about  tlu*ee-fourths  of  a  mile  below  the  gaging 
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station,  but  a  slight  rift  a  short  distance  downstream  from  the  bridge 
cuts  off  backwater  from  the  Susquehanna  at  ordinary  stages. 

In  estimating  the  nm-off  of  Chenango  River  the  area  directly 
tributary  to  storage  reservoirs,  from  which  diversion  is  made  to  supply 
the  Erie  Canal,  has  been  deducted  from  the  total  natural  drainage 
area.  The  diversion  area  of  six  reservoirs  at  the  head  of  Chenango 
River,  whose  outflow  is  turned  into  Erie  Canal  through  Limestone 
Creek,  is  30  square  miles.  The  diversion  area  of  De  Ruyter  reservoir, 
at  the  head  of  Tioughnioga  River,  whose  outflow  is  turned  into  Erie 
Canal  through  Limestone  Creek,  is  18  square  miles.  These  two 
areas  have  been  subtracted  from  the  natural  drainiage  area  of  1,580 
square  miles,  giving  an  effective  area  of  1,532  square  miles.  This 
estimate  is  approximate,  as  no  allowance  for  direct  inflow  to  feeder 
channels  from  additional  areas,  nor  for  waste  into  the  original  stream, 
has  been  made.  The  gross  area  from  which  more  or  less  nm-off  is 
diverted  is  about  105  square  miles. 

About  1  mile  upstream  is  the  dam  of  the  Binghamton  Cold  Storage 
Company.  This  is  a  low  structure  with  5-foot  head,  and  constructed 
of  large  blocks  of  bluestone,  laid  dry,  and  allowing  a  large  amount  of 
leakage.  Owing  to  this  leakage,  and  to  the  fact  that  the  water 
wheels  nm  continuously  night  and  day,  the  regimen  of  the  stream 
below  is  not  materially  affected,  and  fluctuations  in  gage  height  are 
due  almost  entirely  to  natural  causes.  The  next  dam  upstream  is  at 
Willards,  about  16  miles  above  Binghamton  and  2  miles  above 
Chenango  Forfes. 

The  datum  of  the  chain  gage  has  remained  the  same  during  the 
maintenance  of  the  station.  During  the  winter  months  the  dis- 
charge is  usually  very  little  affected  by  the  presence  of  ice.  The 
rating  ciu^e  for  low  and  medium  stages  has  been  fairly  well  developed; 
the  high-water  estimates,  however,  may  be  considerably  in  error, 
due  to  lack  of  sufficient  discharge  measurements  and  backwater 
effects  from  Susquehanna  River. 

Information  in  regard  to  this  station  is  contained  in  the  reports  of 
the  state  engineer  and  surveyor,  State  of  New  York. 

Discharge  measurements  of  Chenango  River  at  Binghamton,  N.  Y.^  in  1907-8. 


Date. 

Hydrographer. 
Wood  and  Hoyl           

Width. 

Ftet. 
290 

220 

Area  of 
section. 

Sq.ft. 
635 

387 

Ga«e       Dl»- 
height.  charge. 

1907. 
June  20     

Feet.     Sec.-ft. 
6.67  >         648 

1908. 
September  2... 
September  26.. 

C.  H.  Adams  .                                     

6.05  '         165 

..do                    

4.90            118 

October  21 

Wood  and  French 

209 

288 

405 

4.95            174 

November  2.  - . . 

C.  C.  Covert 

496 

hX^  1          .192 

!    '"  1       " 
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Doiiy  gogt  height,  in  feet,  of  Chnumgo  River  at  BinghamUm^  N.  Y.^for  1907-8. 
fHu^  L.  Smith,  obsenrer.] 


11  .. 
12... 
13  .. 
14 
15  .. 


16. 
17 

18. 
19. 
20. 

21. 

22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
2U. 


21. 
22. 
23. 
24. 
25. 


26. 


28. 
29. 
30. 
31. 


1908.5 


VhLy 

Jjm. 

Feb.  ! 

1 

1 
6.15 
6.15 
6.3 
6  S5 
6.05 

6.0 

5.95  1 

5.85 

5.7 

Mar. 

Apr.  . 

Mmy. 

June. 

July. 

Au^ 

Sept, 

Oct. 

Nov. 

Dec 

1907. 

1 

2 

3 

• 

12.65 

,  12.S5 

:    9  7    ! 

5.4 
5.4 
5.3 

535 
5.45 

5.3 

5.55 
5.30 
5-30 
5.35 

8.15 

\%. 

7.1 
7.0 

6.95 

6.8 
6.6 
6  H,5 
7.05 

9.7 
9.7 
8  45 
8.35 
8.0 

7.55 
7.45 
8.2 
7.85 

6.05 
6.05 

If 

•  05 

6.1 

6.5 

6.75 

6.7 

6.6 

6.1 
6.2 
6.5 
6.0 
5.85 

5.65 

5.6 

5.5 

5.45 

5.4 

5.6 

5.55 

5.6 

5.7 

5.55 

5.5 

5.4 

5.3 

5-25 

5.35 

5.0 

4.95 

5.0 

5.15 

6.0 

6.1 
6.05 
5.85 
5.45 

5.8 

6.45 

6.1 

6.0 

6.3 

8.75 

8.05 
7.9 
9.25 
10.65 
9.3 

6.8 

6.6 

8.55 

8.95 

8.15 

7-65 
12.65 
13.35 
11.70  1 
10.30, 

6.55 
6.45 
6.35 

4 

5 

6 

11  85 

138 

11.0 

9. 7 

635 
6.0 

6.2 
6.06 

8 

9 

10 

10.2    , 

108 

9.5 

6.  OS 
6.2 
13.5 

8.4     1 

5.6 

7.9    ! 

6.1 

7.45 

5.9 

7.45  ' 

5.7 

8.0     , 

5.9 

5^4 


7.2 


7.55 
65    I 
65    , 
6.9 
9.9    i 
I 
10  2    I 
7.8 
6.4 
62 
6.3 

6  5 
6  3 
6.4 
6  5 
6  ;Vi 
6  25 


8.95 

8.15 

7.6 

7.15 

7.05 

6.4 

6.35 

6.5 

6.7 

6.6 

6.4 
6.6 

7.75 
7.95 
7.2 

7.0 
6.5 
6.  55 
f..5 
6.25 

6.2 
6  4 
6.75 
6  6 
6.-2o 

5.8 

6.4o 

6.a5 

6. -20 

6.1 

5.8 


6.0 
6.0 
6.1 
6.0 


7.8 
7.65 

6"  8 
6.75 

6.85 
7.0 
7.05 
6.9 


5.4  ■  7.15 
5.35  72 

5.5  72 
7.05  7.05 


5.65 
6  15 
5-7 
56 
6-2 


10.15 
10.35 
10.55 
10.7 
9.15 


6.9 
6.95  . 
6.95 

6.85 
6.75  . 


5-6 

7  9 

6.6 

5.75 

8.4 

6.45 

5-5 

11.9 

6.45 

5.5 

12.7 

7.25 

5.4 

11.75 

9.9 

5-45 

10.45 

9.25 

5.5 

9.55 

11.9 

5.4 

9.8 

10-05 

10  8 

9.7 

10.1 

8.65 

5.8 

6.4 

10.2 

6.0 

6.75 

9.9 

6.45 

8.0 

9.1 

5.9 

8.4 

8.5 

6.3 
6.0 

7.7 
7.2 

8.2 
8.55 

7.1 
6.9 
6.75 
6.65 


8.85 
8.4 
10.95 
10.1 


6.0 

6.55 

9.3 

5.S 

7.0 

8.75 

5.8 

8.5 

8.1 

5.9 

13.3.5 

7.9 

12.0 

15.0 

7.6 

17-0 

15.  a"; 

9.4 

15.65 

13.(15 

8.4 

11.4 

10.  3 

7.85 

9.25 

9.9 

8.4 

8.4 

8.8.5 

9.3 

8.1 

8.0 
8. 25 
10.5.5 
12.25 


11.0 

12  6 

13.95 

15.5 

14.4 

11.7 

8.8o 
8.3 


7.1 

7.3 
7.2 
6^95 


7.45 

7-2 

6.9 

6-8 

6.65 

6.7 

6.7 

6.65 

6.65 

6.7 

6.5 

6.3  ; 

6.2 

6.15 

6.05 

6.3    ' 

6-85  ; 

7.05  I 

6.6  , 
6.3  ' 
6.2 


I 


9.55 
9.65 
9  45 

8.95 
8.05 

7.5 
8.3 
11.5 
11-2 
10.8 

9.65 

8.85 
7.95 
7  65 
8.55 

8.15 

7.2 

6.95 

6.65 

6.55 
6.5 
6  5 
6.75 
6.35 

6.15 
6.45 
6.45 
6.15 
6.15 
6.35 


6.3    t 
6.05 
6.0    I 
5.9 
5.85 

5-8 

5.8 

5.7 

5.65 

5.65 

5.6 

5.65 

5.65 

5.6 

5.5 

5.35 

5.4 

5.65 

5.5 

5.6 


6.85 

6.5 

6.2 

6.05 

5.95 

&9 

5.85 

5.65 

5.75 

5.85 

5.96 

5.75 

5.65 

5-6 

5.55 

5.55 
5.65 
5.55 
5  45 
5-35 

5-25 
5- 25 
5.3 
5-25 
^4    I 

5.35 
5.35  I 
5.2 
5. 25  I 
5.35  I 


5.38 

6.4 

6.5 

6.3 

5-9 

5.75 

5.5 

5.55 

5.6 

5.6 

5.65 

5.65 

5.55 

5.6 

5.8 

6.5 

6.35 

6.05 

5.6 

5.6 

5.55 


5-25 

5.2 

5.25 

5.35 

5.2 

5.2 

5.2 

5.2 

5.35 

5.3 

5.25 

5.2 

5.15 

5.3 

5.2 

5.25 

5.2 

5.25 

5.3 

5.25 

5.25 
5.35 
5.75 
5-55 
5.75 

5.8 

5.5 

5.4 

54 

5.35 

5.25 


5.3 

5.3 

5-25 

5.2 

5.1 


1 


5.25 
5.35 
4.95 
6.3    , 

5.25 

5.2 

5.2 

5.15 

5.25 

5.0 

5.35 

5.05 

5.25 

5.1 

5.25 

5.15 

5.0 

5.3 

6.15 

5.2 

&1 

5.05 

5.06 

4.9 

5.1 


9.1 
9.95  ' 

8.45 : 

6.7 
6.4 


8.1 
8.5 
8.35 
7.65  ' 
7.35  , 


5.15 

6.1 

5.15 

6.0 

5.2 

5.8 

5.2 

5.7 

5.1 

6.7 

5.15 

5.7 

5.1 

6.15 

5.1 

5.95 

5.05 

6.0 

5.05 

6.05 

5.0 

6.05 

5.05 

5.9 

5.05 

6.85 

5.0 

5.8 

4.95 

6.35 

5.0 

5.2 

4.96 

5.05 

5.0 

5.25 

4.95 

5.25 

4.95 

5.15 
6.25 

4.95 
6.05 

5.05 
6.05 
6.05 
6.05 

6.0 

4.9 

4.9 

6.05 

5.05 

4.95 

4.95 

4.9 

4.95 

4.9 

6.0 

4.95 

4.95 

4.9 

4.95 

4.9 

4.75 

5.0 

6.0 

4.9 


4.95 

5.1 

4.9 

4.9 

4.85 

5.1 
5.2 
5.2 
5.3 
5.4 
6.35 


8.95 
8.30 
7.80 
7.50 
7.15 


6.95 

6.9 

6.75 

6.8 

6.6 

6.6 

6.45 

6.65 

6.35 

6.6 

6.6 

6.5 

6.6 

6.55 

6.4 

6.45 

6.25 

6.35 

6.1 

6.35 

6.05 

6.4 

6.0 

6.4 

72 

6.4 

9.0 

6.65 

8.2 

6.65 

7.2 

4.95 

63 

5.0 

5.35 

4.95 

63 

4.9 

5.35 

4.95 

625 

4.95 

62 

4.95 

62 

4.95 

4.9 

4.95 

63 

4.95 

64 

4.9 

64 

4.95 

635 

6.1 

66 

6.05 

66 

6.05 

64 

6.0 

65 

5.0 

62 

4.95 

63 

6.05 

635 

4.95 

63 

635 
64 
64 
63 
635 

63 

635 

63 

61 

635 


16.0 
13.5 
10.2 

8.96 
8.5 

8.25 
7.95 
7.65 
7.4 
7.0 

7.2 
6.9 
8.3 
14.1 
13.65 

10.75 
9.30 
9.55 

11.05 
9.8 

ia25 


625 

63 

4.9 

62 

62 

4.85 

62 

62 

63 

625 

616 

62 

61 

62 

63 

63 
63 
63 
63 
635 

625 
62 
65 
62 
615 

64 

615 
625 
62 
63 
625 


o  Ice  conditions  at  this  station  largely  in  thp  form  of  anchor  ice  obstrucUon.  Pwtkmsof  January  to  Man* 
and  Decemhpr.  19(17,  liable  to  error  from  this  cause. 

6  Ice  conditions  from  about  Febnirav  1  to  14  and  during  the  greater  portion  of  December,  1908.  Coo- 
dJtioDS  of  flow  may  also  have  been  slightly  affected  by  ice  January  27  to  31,  1908. 
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Ratmg  taJbUJofr  Chenango  River  at  Binghamton^  N,  Y.y/or  1907-8. 


Qace 
hei^t 

Dis- 
charge. 

Oage 
hei^it 

Dla- 
charge. 

See.-ft. 

hei^t 

i 

Dis- 
charge. 

Gage 
helgit. 

Feet. 

Dis- 
charge. 

Feet. 

8ee.'ft. 

Feet. 

Feet. 

8ec.-/t. 

aee.-/t. 

4.70 

35 

6.10 

1.210 

7.60 

3,220 

9.80 

7,140 

4.80 

70 

6.20 

1,345 

7.60 

3,375 

10.JOO 

7,500 

4.90 

115 

6.30 

1,480 

7.70 

3,535 

10.20 

7,860 

5.00 

170 

6.40 

1,615 

7.80 

3,695 

10.40 

8,220 

5.10 

235 

6.50 

1,755 

7.90 

3,855 

10.60 

8,590 

5.20 

305 

&60 

1,896 

8.00 

4,020 

10.80    ; 

8,970 

5.30 

380 

6.70 

2,035 

a20 

4,365 

11.00 

9,350 

5.40 

460 

6.80 

2,180 

8.40 

4,695 

12.00 

11,250 

5.60 

550  : 

6.90 

2,325 

8.60 

6,040 

13.00 

13,250 

5.60 

645 

7.00 

2,470 

8.80 

6,390 

14.00 

15,300 

5.70 

745 

7.10 

2,616 

9.00 

6,740 

15.00    , 

17,400 

5.80 

850 

7.20 

2,765 

9.20 

6,090 

16.00    1 

19,500 

5.90 

960 

7.30 

2,915 

9.40 

6,440 

17.00 

21,700 

6.00 

1,080 

7.40 

3,065 

;  ^•«> 

6,790 

Note.— The  above  table  Is  not  applicable  for  ice  or  obstructed-channel  conditions.  Tt  is  based  on  dls- 
charee  measurements  made  during  1901-1908  and  is  well  defined  below  gage  height  10  feet.  Above  gage 
height  9  feet  the  rating  curve  is  based  on  one  measurement  at  gage  height  19.8  feet.  The  above  table  has 
been  revised  and  diHers  slightly  from  that  published  in  report  of  state  engineer  and  surveyor,  State  ol 
New  York. 

Monthly  discharge  of  Chenango  River  at  Binghamtony  N.  Y.^for  1907-8. 
[Drainage  area.  1.530  a  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


January.... 
February.. 
Marcbe.... 

April 

May 

Jane 

July 

August 

September. 

October 

November.. 
December.. 


1907.6 


The  year. 


January... 
February. 
March.. 
Ap 


1908.<l 


^:: 


tay. 
June. 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


14,900 
2,020 
12,600 
11,100 
6,960 
2,110 
1,760 
745 
7,410 
8,680 
14.000 
19,500 


Minimum. 


1,340 

414 

380 

1,680 

1,140 

420 

444 

142 

142 

1,080 

1,550 

1,080 


19,500 


5,650 

21,700 

18,800 

9,260 

10,300 

2,250 

850 

420 

'202 

460 

645 


142 


850 


1,620 
2,400 
1,280 
305 
270 
115 
52 
92 
115 
92 


21,700 


52 


Per 

lean. 

square 

mile. 

5,110 

3.34 

844 

.552 

4,380 

2.86 

3,470 

2.27 

2,770 

1.81 

1,010 

.660 

918 

.600 

340 

.222 

1,450 

.948 

3,080 

2.01 

3,830 

2.50 

5,880 

a84 

2,130 

3,690 

7,630 

4,810 

4,000 

737 

412 

282 

151 

192 

405 

250 


2,060 


1.80 


1.39 
2.41 
4.99 
3.14 
2.61 
.482 
.269 
.184 
.099 
.125 
.265 
.163 


1.34 


Kun-ofI 
(depth  In 
inches  on 
drainage 
area). 


3.86 

.67 

a30 

2.63 

2L09 

.74 

.69 

.26 

1.06 

2.32 

2.79 

4.43 


24.63 


1.60 
2.60 
6.75 
a50 
a  01 
.64 
.31 
.•21 
.11 
.14 
.30 
.19 


ia26 


Accu- 
racy. 


a  See  description. 

6  Discharge  February.  1907,  has  been  corrected  10  per  cent  account  of  prcbable  backwater  effect  from  ice. 
Portions  of  January,  March,  and  December.  1907,  were  also  probably  more  or  less  affected;  the  mean  for 
the  month,  however,  is  probably  not  affected  more  than  a  few  per  cent  from  this  cause,  and  hence  no  cor- 
rection has  been  attempted.    (See  ratine  table  footnote.) 

c  Discharge  interpolated  March  31, 1907. 

d  Dlscharee  during  the  frozen  periods  estimated  on  the  basis  of  the  discharge  of^Jaoent  drainages.  It 
If  only  rouffbly  approximate.    Discharge  February  1  to  14, 1908,  759  second-feet. 
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CHEMUNG  RIVER  BASIN. 
DESCRIPTION. 

Chemung  River  is  formed  near  Painted  Post,  in  the  southeastern 
part  of  Steuben  County,  N.  Y.,  by  the  confluence  of  Cohocton  and 
Tioga  rivers.  Cohocton  River,  the  north  branch,  drains  the  southern 
slope  of  the  divide  at  the  head  of  Keuka  and  Canandaigua  lakes. 
Its  drainage  area  lies  wholly  in  the  State  of  New  York,  and  principally 
in  Steuben  County,  and  comprises  approximately  630  square  miles 
above  the  mouth.  Tioga  River  rises  in  Tioga  County,  Pa.,  and  flows 
northward,  crossing  the  state  line  near  Lawrenceville,  Pa.  The 
last  15  miles  of  its  course  lies  in  New  York  State.  It  has  about  1,330 
square  miles  of  drainage  area  above  its  mouth.  About  5  miles  from 
its  mouth  the  Tioga  receives  from  the  left  Canisteo  River,  which  rises 
in  the  northeast  comer  of  Allegany  County  and  flows  in  a  south- 
easterly direction;  draining,  with  its  tributaries,  the  southern  part 
of  Steuben  County.  Its  drainage  area  comprises  about  540  square 
miles. 

Chemung  River  proper  is  about  40  miles  long.  It  flows  east- 
ward through  the  towns  of  Coming,  Elmira,  and  Chemung  and  enters 
the  Susquehanna  at  Athens,  Bradford  Coimty,  Pa.  Near  Chemung 
the  river  crosses  the  state  line  into  Pennsylvania,  and  about  2  miles 
farther  east  it  reenters  New  York,  where  it  flows  for  a  distance  of 
about  4  miles,  when  it  again  crosses  into  Pennsylvania  for  the  last 
5  miles  of  its  course.  The  drainage  area  above  the  mouth  measures 
about  2,520  square  miles. 

In  general  the  Chemung  is  sluggish  throughout  its  course,  flowing 
over  a  wide  gravelly  bed  in  a  series  of  rifts  and  pools,  and  one  or  the 
other  of  the  banks  is  usually  low  and  subject  to  frequent  overflows. 
The  cities  of  Coming  and  Elmira  have  built  extensive  dikes  to  con- 
fine the  waters  at  all  stages.  The  stream  has  a  yearly  range  of  from 
about  100  second-feet  to  about  30,000  second-feet.  One  of  the 
greatest  floods  recorded  was  on  June  1,  1889.  It  was  preceded  by  a 
phenomenal  rainfall,  aggregating  several  inches  in  a  few  hours,  diu> 
ing  the  night  of  May  31.  The  discharge  has  been  estimated  at  67 
second-feet  per  square  mile  from  2,055  square  miles  or  138,000 
second-feet.  ** 

CHEMUNG  EIVER  AT  CHEMUNG,  N.  Y. 

This  station  is  located  at  the  Suspension  highway  bridge  mid- 
way between  Willawana,  Pa.,  and  Chemung,  N.  Y.,  and  is  about 
one-half  mile  upstream  from  the  state  line  and  1  mile  below  the 
Erie  Railroad  bridge.     It  was  established  September  7,   1903,  to 

a  Report  of  Francis  CoUingwood,  C.  £.,  on  the  protection  of  the  dty  of  Ehnlia,  N.  Y.,  agmlnst  floods. 
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obtain  general  statistical  data  regarding  the  flow  of  the  Chemung,  and 
is  maintained  in  cooperation  with  the  New  York  State  engineer's 
department. 

The  Chemung  was  formerly  paralleled  by  a  canal  taking  its  supply 
from  dams  across  the  stream.  This  has  been  abandoned,  and  the 
diversion  dam  is  no  longer  in  existence.  At  present  the  largest 
water-power  development  is  at  Elmira,  N.  Y.  There  are  no  dams 
between  Elmira,  N.  Y.,  and  the  mouth  of  Chemung  River. 

The  datum  of  the  gage  has  remained  the  same  during  the  mainte- 
nance of  the  station.  Conditions  for  obtaining  accurate  discharge 
during  the  open  period  are  only  fair.  At  extreme  high  water  the 
left  bank  is  flooded,  and  at  low  stages  there  is  more  or  less  change 
in  conditions  of  flow  from  year  to  year.  On  account  of  the  numerous 
small  riflFs,  considerable  needle  ice  forms  in  this  stream  during  the 
winter  months.  This  collects  under  the  ice  in  the  smooth  section 
at  the  gage  and  causes  backwater  conditions  which  make  estimates 
for  this  period  liable  to  considerable  error.  Information  in  regard 
to  this  station  is  contained  in  the  reports  of  the  state  engineer  and 
surveyor,  State  of  New  York. 

Discharge  measurements  of  Chemung  River  at  Chemung,  N.  Y.,  in  1907-8. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gage 
hel^t. 

Dis- 
charge. 

1907. 
June  19 

Wood  and  Hoyt 

Feet. 
215 

183 

Sq.ft. 
974 

Feet. 
2L53 

1.81 
1.68 

627 

1908. 
September  6... 
September  29. . 

C.  R.  Adams 

139 

...  .do 

185  1           S«7 

101 
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SURFACE  WATER  SUPPLY,  1907-6. 


/>a%  gage  height,  in /eft,  of  Chemung  River  at  Chemung,  N.  Y.,/ar  1907S, 
f D.  L.  Orcatt,  observer.] 


D.y.         1 

Jan. 

6.72  1 
6.12 
5.20  1 

aa2  1 

7.43 

1 

&56  ■ 
&.31  1 
7.36 

a  71  i 

&30  ' 

&46 ; 

4.94  I 
4.69 
4.79  1 
&66  ' 

4.12' 

4.28  1 
a  88  1 
4.64  1 

7.08  i 

7.62 
6  14 
4.24  ! 
344 

a  52 

1 
a83 
a  54 

a  61 
a50 

4.50 

5.70 
5.09 
4.51 
5.09 
4.03 
1 

a37, 
a  21 
ao8  ' 
a  38 
ao9 

ao8  ' 
a33 

6.01 

a33 

5.05 

4.62 
4.12 
a69 

a  73 
a  51 

a  51 
a  51 

4.18 

a  71 

2.91 
2.70 

a  43 
a23 
a  08 
a  57 
ao4 

Feb. 

Mar. 

Apr.l 

lUy. 

June. 

i 

July.  ' 

Aug.  1 

8ept.' 

Oct- 

Nov. 

1 

Dec 

1907.0 
I 

a97 
a46 
ao8; 

6.4m! 
4.83 

1 
4.32 
4.201 

a94 , 
a83, 
a60, 

a49' 

4.24 



4.  so' 
4,14  1 

a84 

a78 . 
aeo  , 

a54 

a38  ! 

a34 , 
a25  i 

a42  1 

a56 ' 
a98 

4.26 
4.23  1 
4.07 

1 

a8i  , 

a6ol 

a79 

a62 

a54 

a54 
a33 
a24 

a  70 

7.17 

a86 
iai4 

7.32 

a  17  1 

5.40 

a44 

5.91 
6.46 
5.04 
4.62 

4.49 
4.57 
4.38 
5.51 
5.54 

4.75 
4.55 
4.28 
4.13 
a98 

4.29 
4.40 
4.07 
4.53 
a53 

a  17 
5.41 
4.91 
4.51 
4.23 

4.05 
a87 
4.08 
4.13 
a  79 

1 
5.85 
a2B 
4.82 
4.32 
4.52 

4.18 
4.00 
4.90 
5.09  1 
5.00 

4.42 

4.421 
4.15  , 
a92 

a58  1 

a  48 ' 

a76 

a56 

a43 

a64 

a52 
a29 
a22 
ao4 

2.99' 

2.46 
a25 

a  57 
a42 
a  10 

2.98 

7.33 
7.33 
a95 

ao9 

5.43 

4.88 
5.01 

a  01 

8.31 
&45 

7.63 
a29 
5.45 
4.95 
5.35 

a35 
a25 
5.48 
4.93 

4.58 

4.86 
5.18 
4.77 
4.41 
4.08 

a73 
a93 

4.48 

a90 

4.73 
5.90 

1 

2L84  i 
2.84 
4.78  . 
4.00 

aeo 

4.11 
4.02  1 

a58 
aao 
a  10  , 

2.88 
290 
2  76 
2  76 

281 
258- 
254  1 
248 
239 

2  46 
258 
260 
248 
285 

294 
282 
265 
2  51 
268 

5.35 
4.57 

4.  as 

a69 
a48 

a24 
a  12 

298 
289 
2  91 

292 
286 
2  71 
2  71 
263 

2  61 
266 
253 
254 
245 

235 
243 
230 
243 

ao5 

2  91 
265 
2  51 
2  45 
239 

212 

4.25' 

a85 

a26 

244 

274  1 

a  15 
a  14 

286 
282 

272 

a48 

4.60 

a55 
ao7 

278 

2n 

282 
256 
2  51 

238 
236 
220 
220 
2  31 

218 
222 
205 
219 
L48 
1.93 

238 
238 
235 
248 
258 

2  71 
259 
234 
221 
217 

216 
205 
2  61 
265 
246 

235 
227 
224 
210 
217 

213 
233 

a82 

aoo 

4.28 
4.64 

a  51 
ao7 

273 
259 
245 

1.9S 
LM 
L96 
L88 
L» 

L95 
L88 
L91 
1.84 
L88 

L84 
L78 
L78 
L76 
L70 

L66 
1.66 
L65 
L56 
L62 

L62 
1.63 
1.63 
L66 
L62 

1.60 
L58 
1.61 
L57 
L58 
1.60 

236 
219 
222 
217 
218 

215 
219 
241 
232 
241 

233 
217 
217 
219 
222 

207 
219 
217 
256 
241 

227 
221 
211 
207 
203 

204 
1.94 
1.96 
1.91 
1.91 
1.92 

1 
L&8 
L66  1 

212 
L9n 
L84 
L83  ! 

220 
214 

zo. 

lil 

L82  , 
L78' 
L86  , 

L90 
L82 
L92 
1.90 
L88 

L86 
1.79 
1.75 
L74 
1.03 

1.86 
L87 
1.83 
L77 
L80 

L90 
t75 
L75 
L75 
L75 

L75 
L73 
t73 
Le9 
L<i6 

L65 
L62 
L68 
L70 
L68 

L64 
LTD 
1.73 

Leo 

L67 

L67 
L«8 
L64 
L74 
L75 

1 

292 
256 
235 
232 

an  ' 

1 

a22  ■ 

286 
260 
a46 

.«! 

252  , 

202  1 

a  10 

290  1 

276 ; 
1 

262  , 

263  1 
236 
228 
231 

231 
240 
260 
2  47 

227 

226 
215 
246 
4.11 
a7D 
a24 

L82 
L98 
L86 
L81 
Le9 

L81 
LH 
L77 
L78 
L74 

L81 
L71 
L89 
L86 
L97 

LSI 
LOS 
L76 
L73 
L89 

L76 
LTD 
L80 
L76 
LOO 

L77 
202 
264 
2  49 
228 
226 

1 

203  i 

287 

5.561 

ail 

426 

a9i 
a58 

a96 

6.58 

4.96 

4.48 
4.16 
a82 

aeo 
a32 

ai3 
ao6 

299 
296 

acM 

283 

a  10 
ai2 

298 
203 

286 
238 
202 
a05 
a  15 

2  13 
200 
208 
L98 
L87 

L88 
L92 
L90 
LSI 
L86 

L92 
L83 
L89 
L89 
LOO 

L86 
L88 
LOl 
LOl 
L94 

LOO 
L«7 
LOO 
202 
202 

201 
L06 
L02 
L87 
LOl 

ao3 

2            

202 

3 

280 

4 

270 

6 

252 

, 

258 

7          

250 

8 

260 

0          

272 

10 

4.06 

11 1 

7.18 

12  

6.82 

13 

4.64 

14 

4.34 

15 

2.97 

2.87 
2.98 
2.66 
2.75 

2.86 
2.88 
2.93 
2.91 
2.73 

2.83 
2.87 

278 

a  10 

5.48 
14.75 

ao7 
a  12 

5.23 
4.55 

4.41 
4.13 

aso 
a  59 
a  42 

a63 

4.53 
4.23 

a65 

7.98 

a28 
a82 
a  74 
a  10 

5.43 

5.44 
5.28 

&08 
7.40 
a48 

5.56 
5.33 
a35 
a58 

5.86 
5.08 

a  48 

a  42 

6.02 
5.03 
4.54 

4.41 

4.28 
4.35 
4.15 
4.09 

4.08 
a  31 
9.67 
ia38 
ia67 

12.69 
a  51 
1    a  82 
8.22 
7.59 

5.99 
5.87 

a  14 
a85 

7.77 

a  76 
ao3 

9.25 
10.31 
9.12 
7.19 

4.03 

16 

4.11 

17 

aoe 

18 

a  74 

19 

a66 

20 

a25 

21 

ass 

22 

ao6 

23 

4.30 

24 

1212 

25 

&S3 

26  

a57 

27 

aso 

28           .... 

7.00 

29 

8.20 

30 

31 

1908.6 

1 

2 

aso 
aes 

20D 
L85 

3 

L^ 

4 

1.67 

6 

L86 

6 

LS4 

7 

1  81 

8 

1.02 

9     . 

1  80 

10 

L8B 

11 

204 

12 

L06 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

a  Conditions  of  flow  affected  by  ice  conditions  from  about  January  23  to  March  14, 1007. 

6  Ice  conditions  from  about  January  27  to  February  14  and  from  aboat  December  11  to  81.  1908. 
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Rating  tabUs/ar  Chemung  River  at  Chemung^  N.  Y. 

1905-1907. 


hel^t. 

Dto- 
charge. 

Osge 
height. 

Dis- 
charge. 

heigl^t. 

Dis- 
charge. 

Oage 
height. 

Dis- 
charge. 

Feet. 

B..^ 

Feet. 

See.'fl. 

Feet. 

aec.'ft. 

Feet. 

See.^/t. 

1.60 

3.00 

1,010 

4.40 

3,010 

aeo 

8,130 

1.60 

115 

3.10 

1,110 

4.60 

3,200 

6.80 

8,670 

1.70 

145 

3.20 

1,220 

4.60 

3,400 

7.00 

9,220 

1.80 

180 

3.30 

1,335 

4.70 

3,610 

7.20 

9,790 

1.90 

220 

3.40 

1,455 

4.80 

3,820 

7.40 

10,390 

2.00 

270 

3.50 

1,580 

4.90 

4,030 

7.60 

11,010 

2.10 

325 

3.60 

1,710 

6.00 

4,240 

7.80 

11,650 

2.20 

385 

3.70 

1,850 

5.20 

4,680 

8.00 

12,300 

2.30 

460 

3.80 

2,000 

5.40 

5,130 

9.00 

15,800 

2.40 

515 

3.90 

2,160 

5.60 

6,590 

10.00 

19,700 

2.50 

585 

4.00 

2,320 

6.80 

6,060 

11.00 

24,000 

2.60 

660 

4.10 

2,480 

6.00 

6,550 

12.00 

28,700 

2.70 

740 

4.20 

2,650 

6.20 

7,070 

13.00 

33,500 

2.80 

825 

4.30 

2,830 

6.40 

7,590 

14.00 

39,300 

2.90 

915 

Note.— This  table  is  not  applicable  for  ice  or  obstructed-chanDel  conditions.    It  is  based  on  discharge 
measorements  made  during  1908-1907  and  is  well  defined  above  gage  height  1.9  feet. 

1906. 


1.60 

1 
75 

2.10 

280 

2.60 

630 

3.10 

1,106 

1.70 

105 

2.20 

340 

2.70 

715 

3.20 

1,216 

1.80 

140 

2.30 

406 

2.80 

805 

3.30 

1,330 

1.90 

180 

2.40 

475 

2.90 

900 

3.40 

1  465 

2.00 

225 

2.50 

550 

3.00 

1,000 

NOTK.— This  table  is  not  applicable  for  ice  or  obstructed-channel  oondltlona.    It  Is  based  on  discharge 
measurements  made  during  1903^1906  and  is  well  defined.    Above  gage  height  3.4  feet  the  table  Is  the  i 
as  that  for  1905-1907. 
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306  SURFACE  WATER  SUPPLY,  1907-8. 

Monthly  discharge  of  Chemung  River  at  Chemung,  N.  Y,,  for  1907-8. 


[Drainage  area,  2,440  square  miles.] 

Discharge  in  aeoond-feet. 

Run-off 
(depth  in 
inches  on 
drainage 

area). 

Month. 

Minimu"B. 

Mean. 

Per 
square 
mile. 

Acm- 
racy. 

1907.« 
January -  - r  r  ^  -  -  t 

14.700 

5,000 

972 

4.250 

3,790 

2,350 

1,100 

896 

162 

214 

845 

2.310 

4,670 

2.05 
.396 

1.74 

1.55 
.963 
.451 
.368 
.066 
.088 
.346 
.947 

1.91 

2.36 

.41 

2.01 

1.73 

1.11 
.50 

A. 

Februw'y                    

D. 

March 

12,000 

20,300 

6,180 

3.780 

3,400 

260 

385 

2.500 

9.110 

29,300 

A. 

Aurll                  

1,270 
557 
508 
80 
103 
109 
355 
502 
585 

A. 

MSyl::::::  :::::::::::::::::::::::.::: 

A. 

June 

A. 

July 

.42     A. 

Axig^ist ,    , 

.08     C. 

September 

.10 

.40 

1.06 

2.20 

C. 

October 

A. 

November 

A. 

December 

A. 

The  year 

29,300 

80 

2,210 

.906 

12.38 

ig06.» 
January 

7,410 

42,900 

35,300 

7,940 

13.800 

5.020 

3,480 

598 

168 

664 

298 

715 

2.400 

3,590 

10,300 

3,830 

6,020 

1,070 

765 

332 

115 

194 

193 

137 

0.984 
1.47 
4.22 
1.57 
2.47 
.439 
.314 
.136 
.047 
.060 
.079 
.056 

1.13 
1.58 
4.86 
1.75 
2,85 
.49 
.36 
.16 
.05 
.09 
.09 
.06 

A. 

February 

B. 

March            .           

1,480 
1,980 
1,900 
405 
252 
184 
81 
102 
152 

A. 

April 

A. 

May       .                     

A. 

June 

A. 

July 

A. 

Auijust                                        i 

A. 

September 

A. 

October              

A. 

November 

A. 

December 

C. 

The  vear 

42,900                   81 

2,410 

.989 

13.47 

1 

a  During  the  period  of  ice  conditions  the  discharge  was  estimated  on  the  basis  of  the  dischu^  of  Chenango 
River  at  Bingham  ton  and  climatological  reports. 

Second-feet 

Discharge  January  23  to  31 ,  1907 1, 550 

Febniary  1  to  12,  1907 1,600 

February  13  to  28,  1907 500 

March  1  to  14.  1907 400 

h  Discharge  during  frozen  periods  estimated  on  the  basis  of  the  discharge  of  adjacent  drainages.    It  is 
only  roughl>'  approximate. 

Second-feet. 

Discharge  February  1  to  14.  1908 600 

December  11  to  31,  1908 125 

WEST  BRANCH  SUSQUEHANNA  BASIN. 

DESCRI^ION. 

The  West  Branch  of  Susquehanna  River  rises  in  the  mountains  of 
Cambria  County,  at  an  elevation  of  not  less  than  2,000  feet  above 
sea  level,  flows  northeastward,  and  then  southeastward  into  the  Sus- 
quehanna above  Sunbury.  Its  length  is  about  425  mile^,  and  its 
drainage  area,  measured  at  mouth,  comprises,  approximately,  7,030 
square  miles  (United  States  Geological  Survey),  all  in  Pennsylvania. 

Topography  of  the  basin  rugged.  The  bed  of  the  river,  as  a  rule, 
is  composed  of  gravel  and  sand,  but  rocky  ledges  occur  at  some 
points.  The  banks  of  main  stream  and  tributaries  are  generally 
high,  and  there  are  few  low  grounds  subject  to  overflow.  The  fall 
of  the  stream  is  variable,  but  much  greater  above  Queens  Run  than 
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below,  where  the  river  traverses  a  wide,  fertile,  well-cultivated  valley. 
Few  forested  areas  remain.  Facilities  for  artificial  storage  are  prob- 
ably good,  and  the  flow  of  many  of  the  tributaries  might  no  doubt 
be  regulated  to  considerable  extent.  The  river  was  navigable,  by 
means  of  the  canal  along  its  banks,  to  Lock  Haven  and  beyond, 
prior  to  1889,  there  being  four  canal  dams  on  the  stream,  the  ponds 
of  which  were  used  for  navigation.  The  flood  of  1889  so  damaged 
the  upper  portion  of  the  canal  that  it  was  not  operated  subsequent 
to  that  date  above  Muncy.  From  Muncy  to  Northumberland  it  was 
operated  as  late  as  1897.  No  water  was  flowing  in  the  canal  at  the 
Williamsport  gaging  station  in  1895. 

WEST   BRANCH   OF  SUSQUEHANNA   RIVER   AT   WILLIAMSPORT,  PA. 

This  station  is  located  at  the  Market  Street  Bridge  in  Williamsport. 
Lycoming  Creek  enters  Susquehanna  River  from  the  north  about  2 
miles  above  the  station,  and  Loyalsock  Creek,  also  from  the  north, 
enters  about  2  miles  below  the  station.  It  was  established  March  1, 
1895,  by  Greorge  D.  Snyder,  who  was  at  that  time  city  engineer  of 
WilUamsport.  A  standard  chain  gage  was  installed  by  the  United 
States  Geological  Survey  August  16,  1901.  The  gage  is  now  main- 
tained by  the  United  States  Weather  Bureau,  from  whom  the  daily 
readings  are  obtained. 

The  data  collected  at  this  station  are  of  value,  in  conjunction  with 
other  records  of  discharge  in  this  drainage  area,  for  comparative 
purposes  and  for  navigation  and  power  problems. 

The  datum  of  the  gage  has  been  unchanged  since  the  establishment 
of  the  station.  The  discharge  is  usually  affected  by  ice  during  the 
winter  period.  Conditions  of  flow  at  this  point  are  constant  and  a 
good  rating  curve  has  been  developed.  There  is  a  dam  about  one- 
half  mile  above  the  station,  but  it  is  believed  that  it  has  no  effect 
on  the  relation  of  discharge  to  gage  height. 

Discharge  data  for  this  station  prior  to  1905  have  been  revised 
and  republished  in  Water-Supply  Paper  No.  109. 

Discharge  measurements  of  West  Branch  of  Susquehanna  River  at  Williamsport,  Pa.,  in 

1907-8. 


Date. 

Hydrographer. 

Width. 

Feet. 
722 
766 

934 
9:u 

228 

Area  of 
section. 

Gace 
height. 

Dis- 
charge. 

1907. 
July  23 

A.  H.  Horton 

Sq.feet. 
3.570 
3,860 

17,400 

17,400 

373 

Feet. 
1.39 
1.72 

16.32 

16.  R4 

.29 

Sec.'ff. 
2.780 

October  14 

K.  C.  Grant 

3,350 

1906. 
February  16.... 
March  20 

Grant  and  Rrder 

99,100 

Gannett  and  "Langenhelm 

94.100 

September  7a.. 

K.C.Grant 

614 

«  Measured  by  wading  600  feet  below  the  dam. 
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SURFACE  WATEB  SUPPLY,  1907-8. 


Daily  gage  height,  in  ftti,  of  West  Branch  of  Susquehanna  River  at  WiUiamsport,  Pa.^ 

for  1907-8. 

(Hteiy  H.  Oube,  observer.] 


Day. 

JaiL 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1907.0 
1 

8.2 
8.8 
7.2 
6.3 
6.7 

6.6 
6.1 
6.8 
6.6 
7.0 

6.7 
6.8 
6.4 
6.4 
6.6 

7.9 
7.1 
6.1 
6.7 
6.3 

11.0 
9.6 
7.6 
6.1 
6.7 

4.4 
4.4 

3.7 
3.6 
8.2 
3.4 

6.7 
6.0 
6.3 
4.7 
4.2 

3.7 
3.2 
3.0 
2.9 
3.1 

2.8 
2.5 
7.4 
9.0 
7.8 

6.5 
5.5 
4.9 
4.3 
3.8 

3.6 
3.4 
3.4 
3.4 
2.3 

2.6 
2.5 
2.9 
2.8 
2.5 
2.7 

3.0 
2.6 
3.6 
3.6 
2.6 

2.7 
3.0 
2.4 
2.4 
2.5 

2.7 
2.2 
2.8 
2.2 
2.2 

2.3 
2.2 
2.4 
2.3 

2.1 

2.0 
2.2 
2.4 
1.9 
1.7 

1.7 
1.5 
1.7 

2.3 
2.1 
3.0 
2.8 
2.6 

2.6 
2.7 
2.9 
2.9 
2.4 

2.3 
2.2 
2.1 
2.1 
2.6 

17.0 
13.2 
9.3 
7.4 
6.2 

5.4 
4.6 
4.1 
3.6 
3.2 

3.2 
4.7 
4.3 
3.2 

i 

1.6 

}:? 

2.0 
1.9 

2.0 
2.4 
2.3 
2.1 
2.0 

2.1 
2.2 
1.9 
2.9 
16.8 

13.9 
10.8 
10.7 
10.6 
10.4 

12.4 
10.4 
10.1 
11.2 
9.7 

8.0 
7.0 
6.7 
7.3 
7.4 
6.4 

2.8 
2.4 
3.2 
6.2 
6.7 

6.1 
6.1 
7.6 
7.5 

7.1 

6.4 
6.7 
8.5 
11.2 
13.4 

15.8 
15.0 
11.4 
12.3 
17.4 

13.1 
9.9 
8.5 
8.2 
9.0 

9.5 
9.4 
11.2 
12.2 
12.4 
10.2 

6.7 
6.2 
4.6 
4.2 

4.0 

3.6 
3.3 
3.2 
3.0 
3.1 

3.3 
3.0 
3.0 
3.0 
2.8 

2.7 
2.8 
2.7 
2.6 
2.7 

2.4 
2.4 
2.4 

2.5 
3.8 

4.5 
6.9 
7.4 
6.5 
6.4 

8.3 
7.2 
6.4 
6.1 
6.4 

6.0 
4.7 
4.4 
4.6 
6.2 

6.6 
6.9 
6.5 
4.8 
4.3 

4.5 
6.2 
5.1 
6.2 
6.0 

6.5 
6.0 
6.3 
4.8 
4.3 

4.1 
3.9 
3.8 
3.6 
3.2 

6.0 
4.8 
4.3 
4.0 
4.1 

4.0 
4.1 
4.2 
4.4 
5.5 

6.0 
6.5 
4.9 
4.6 
4.0 

3.7 
3.6 
3.3 
3.0 
8.1 

2.9 
2.6 
2.6 
2.3 
2.2 

2.2 
2.1 
2.3 
2.5 
2.2 
2.1 

4.0 
6.1 
6.7 
6.7 
5.6 

6.2 
6.2 
0.0 
10.5 
9.4 

8.2 
7.1 
6.1 
5.4 
6.3 

7.8 
8.2 
8.3 
7.9 
7.6 

10.9 
9.9 
9.8 

10.2 
8.4 

6.9 
6.5 
6.4 
5.6 
5.5 
7.8 

2.0 
2.4 
4.7 
6.0 
6.3 

6.1 
5.2 
4.8 
4.3 
4.0 

3.6 
3.1 
3.1 
3.0 
3.1 

3.5 
3.1 
2.7 
2.4 
2.1 

2.2 
2.1 
1.9 
2.3 
3.7 

3.3 
3.0 
3.2 
2.9 
2.7 

7.3 
6.4 
6.3 
4.7 
4.1 

3.6 
3.2 
2.8 
2.6 
2.6 

2.6 
2.3 
2.1 
1.0 
1.8 

1.7 
2.0 
1.8 
1.6 
1.4 

1.3 
1.2 
1.1 
1.0 
1.0 

1.3 
1.1 
1.0 
.9 
.9 



4.6 
6.0 
6.6 
4.0 
4.0 

3.4 
3.2 
2.9 
2.7 
2.5 

2.1 
2.0 
2.2 
2.8 
1.7 

1.7 
1.4 
1.4 
1.6 
1.6 

1.8 
1.7 
1.4 
1.2 
.1.2 

1.0 
1.0 
1.0 
1.0 
1.3 
1.1 

0.9 
.8 
1.1 
1.2 
1.3 

1.3 
1.1 
1.0 
.9 
.7 

.6 
.6 
.7 
.7 
.7 

.7 
.7 

:? 

.6 

.6 
1.0 
2.1 
2.0 
2.5 

2.'0 
1.5 
1.2 
1.1 
1.0 
.8 

0.8 
0.7 

lio 

1.4 
1.0 
1.0 

1.0 

0.3 
.4 
.3 
.3 
.6 

.7 
.6 
.6 
.6 
.8 

1.1 
2.2 
1.5 
1.6 
1.3 

1.1 

1.0 

.8 

.7 

.9 

.9 
1.1 
1.3 
1.2 
1.2 

1.3 
1.1 
1.0 
1.1 
1.1 

0.6 
.4 
.4 
.4 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.2 
.2 

.2 
.2 
.2 
.3 
.3 



L3 
1.6 
L3 
1.8 
1.6 

2.1 
2.6 
2.2 
2.4 
2.4 

2.5 
2.1 
1.8 
1.8 
1.6 

1.4 
1.3 
1.2 
1.1 
1.1 

1.0 
1.0 
1.0 
1.0 
1.0 

.9 
.0 
1.1 
2.3 
3,2 
3.0 

0.4 
.4 
.4 

.3 
.3 

.4 
.4 
.3 
.3 
.3 

.4 
.4 
.4 
.4 
.4 

.3 
.3 
.3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.6 
1.4 
1.2 
1.1 
1.0 

.9 

2.4 
2.1 
4.4 
6.0 
6.3 

4.8 
4.8 
6.0 
4.0 
4.6 

4.1 
3.7 
8.3 
2.9 
2.7 

2.6 
2.2 
2.1 
2.0 
2.0 

2.0 
2.0 
2.2 
2.0 
2.2 

2.0 
1.8 
1.9 
1.9 
2.0 

0.6 
.6 
.6 
.6 
.6 

.6 
.6 
.6 
.6 
.4 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.4 
.5 
.6 

.6 
.6 
.6 
.6 
.5 

.6 
.5 
.5 
.5 
.6 

2.0 

2                  .... 

2.0 

3 

1.9 

4 

1.8 

5 

1.6 

6 

1.4 

7 

1.4 

8 

1.5 

0 

1.0 

10 

2.7 

11 

6.4 

12               

6.2 

13 

5.9 

14        

6.2 

15 

4.7 

1« 

4.3 

17 

3.9 

18 

3.5 

19    

3.2 

20 

2.5 

21 

2.3 

22 

2.3 

23 

2.3 

24 

7.0 

25 

10.0 

2« 

8  4 

27 

6.6 

28 

6.0 

29 

6.2 

30 

7.2 

31 

7.2 

1908.» 
1 

as 

2 

4 

3 

4 

4 

.4 

6 

.4 

6 

.4 

7::.:::::::.::: 

.4 

8 

.4 

9 

.6 

10 

.6 
.6 

11 

12 

.6 

13 

,5 

14 

16 

16 

17 

18 

19 

.6 
.0 

.0 
.6 
.0 
,7 

20 

.0 

21 

2.7 

22 

1.9 

23 

1.6 

24 

1.1 

25 

.9 

26 

.8 

27 

.8 

28 

.8 

29 

.0 

30 

1.0 

31 

1.0 

a  DIscharga  was  not  materially  affected  by  ice  conditions,  1907-8. 
during  February,  1907. 
b  Discharge  not  materially  affected  by  ice  conditions  during  1907-8. 


River  froMQ  ovw  above  the  dim 
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Rating  table  far  West  Branch  of  Susquehanna  River  at  WilUamsport,  Pa.  ^  for  1907-8. 


hel^t. 

Dis- 
charge. 

Gage 
height. 

Dto. 
charge. 

Gage 
bei^t. 

Dis- 
charge. 

b^t. 

Dis- 
charge. 

FeeL 

See,'/t. 

Feet. 

See.'fl. 

Feet. 

aec.'ft. 

Feet. 

aee.-fi. 

a20 

496 

1.90 

3,740 

3.60 

8,400 

6.60 

20,980 

.30 

630 

2.00 

3,980 

3.70 

8,710 

6.80 

21,900 

.40 

776 

2.10 

4,220 

3.80 

9,030 

7.00 

22,900 

.60 

930 

2.20 

4,470 

3.90 

9,360 

8.00 

28,000 

.60 

1,080 

2.30 

4,720 

4.00 

9,690 

9.00 

33,460 

.70 

1,260 

2.40 

4,970 

4.20 

10,400 

laoo 

39,180 

.80 

1,440 

2.50 

5,230 

4.40 

11,160 

11.00 

45,400 

.00 

1,630 

2.60 

6,490 

4.60 

11,940 

12.00 

62,400 

1.00 

1,820 

2.70 

5,760 

4.80 

12,760 

13.00 

60,300 

1.10 

2,010 

2.80 

6,020 

6.00 

13,600 

14.00 

69,100 

1.20 

2,210 

2.90 

6,300 

5.20 

14,470 

16.00 

78,400 

1.30 

2,410 

3.00 

6,680 

6.40 

15,360 

16.00 

88,400 

1.40 

2,620 

3.10 

6,870 

6.60 

16,250 

17.00 

98,600 

1.50 

2,830 

3.20 

7,170 

5.80 

17.160 

l&OO 

109,000 

1.60 

3,050 

3.30 

7,470 

1    6.00 

18,060 

1.70 

3,270 

3.40 

7,780 

1    6.20 

18,980 

1.80 

3,600 

3.50 

8,090 

1    6.40 

19,940 

NoTB.— The  above  table  Is  not  applicable  for  Ice  or  obetructed-ohannel  conditions.    It  Is  baaed  on  dis- 
cbarge measurements  made  during  1902-1906,  and  is  well  defined. 

Monthly  discharge  of  West  Branch  of  Susquehanna  River  at  Williamsport^  Pa.  ^  for  1907-8, 
[Drainage  area,  5,640  square  miles.] 


Discharge  in  second-feet 

Run-off 
(depth  In 
inches  on 
drainage 

area). 

• 

Month. 

Maximum. 

Minimum. 

Mean. 

Per 
square 
mile. 

Accu- 
racy. 

1907. 
JuniiAry 

46,400 

8,090 

96,600 

24,900 

18,100 

18,100 

17,600 

1,630 

4,470 

7,170 

14,900 

39,200 

7,170 
2,830 
3,050 
4,970 
4,220 
3,740 
1,820 
630 
630 
1,630 
3,500 
2,620 

20,100 
4,980 

24,400 
9,350 
8,840 
8,010 
6,230 
994 
1,770 
3,260 
7.090 

12,000 

3.66 
.883 
4.33 
1.66 
1.67 
1.42 
.927 
.176 
.314 
.676 
1.26 
2.13 

4.10 

.92 

4.99 

1.85 

1.81 

1.58 

1.07 

.20 

.35 

.66 

1.41 

2.46 

A. 

February 

A. 

March 

A. 

April 

A. 

S&y. .......... . ::.:.. ::: 

A. 

June ....,.,. 

A. 

July 

A. 

Angimt.TT 

A. 

September 

A. 

October 

A. 

November 

December 

A. 

A. 

The  year 

96,600 

630 

8,830 

1.57 

21.40 

1908. 

January 

February 

March 

April 

33,500 

98,600 

103,000 

29,600 

44.800 

24,400 

6,230 

2,620 

930 

2,620 

1,090 

6,750 

4,770 

4,220 

4,970 

7,170 

9,690 

1,630 

775 

930 

495 

630 

775 

775 

11,300 

14,100 

37,800 

14,900 

24,800 

5,710 

2,060 

1,370 

582 

916 

900 

1,440 

2.00 
2.50 
6.70 
2.64 
4.40 
1.01 
.365 
.243 
.103 
.162 
.160 
.265 

2.31 

2.70 

7.72 

2.94 

5.07 

1.13 

.42 

.28 

.11 

.19 

.18 

.29 

A. 

A. 
A. 
A. 

M*y 

June 

July 

August 

September 

October 

A. 
A. 
A. 
A. 
A. 
A. 

A. 

PeoQjnber.       

A. 

The  jrear 

103,000 

495 

9,660 

1.71 

23.34 

Note.— Open-channel  rating  applied  throughout  1907-8. 
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310  SURFACE  WATER  SUPPLY,  1907-8. 

JUNUTA  RIVER  BASIN. 
DESCRIPTION. 

Juniata  River  rises  in  the  mountains  of  Bedford,  Blair,  and  Somer- 
set counties,  Pa.,  at  a  general  elevation  of  about  2,000  feet  above  the 
sea,  though  the  divide  between  its  waters  and  those  of  the  Ohio  at- 
tains in  places  an  elevation  of  2,800  feet.  The  river  has  two  chief 
upper  divisions,  the  Frankstown  and  the  Raystown  branches;  from 
their  union,  a  few  miles  southeast  of  Himtington,  the  main  river  winds 
eastward  to  the  point  where  it  enters  the  Susquehanna  at  Duncans 
Island.  The  length  of  the  river  below  the  branches  is  about  75  miles, 
and  its  total  drainage  area,  measured  at  mouth,  comprises  3,530  square 
miles  (United  States  Geological  Survey). 

The  Frankstown  Branch  rises  in  northwestern  Bedford  County,  and 
flows  first  northeast,  then  southeast,  to  the  point  where  it  receives 
the  Raystown  Branch,  its  length  being  about  50  miles  and  its  drain- 
age area  measuring  933  square  miles;  the  Raystown  Branch  rises  in 
eastern  Somerset  County,  and  flows  east  and  northeast  to  its  luiion 
with  the  Frankstown  Branch,  its  length  being  about  70  miles  and 
its  drainage  area  909  square  miles. 

The  valley  of -the  main  river  is  very  narrow  and  the  banks  are 
generally  high,  with  few  low  grounds  to  be  overflowed.  The  bed  is, 
as  a  rule,  of  gravel  and  sand,  often  with  rock  at  very  small  depth  and 
in  places  at  the  surface.  For  elevations  and  slope  see  Water-Supply 
Paper  No.  109. 

The  whole  basin  of  the  river  is  traversed  from  southwest  to  north- 
east by  a  number  of  parallel  ranges,  across  and  between  which  the 
river  and  its  tributaries  wind.  There  are  no  lakes  in  the  region,  but 
facilities  for  artificial  storage  are  good.  Two  miles  above  Hollidays- 
burg  is  an  artificial  reservoir,  formerly  used  as  a  feeder  for  a  canal. 
This  reservoir  has  an  area  of  about  600  acres  and  a  depth  of  20  feet, 
and  is  formed  by  a  dam  850  feet  long  and  30  feet  high,  built  mainly  of 
earth.  A  small  amount  of  power  could  be  used  here.  A  canal  ex- 
tends up  the  river  to  Huntington,  following  the  stream  closely  for 
the  entire  distance.  The  Pennsylvania  Railroad  also  follows  the 
main  river,  the  Frankstown  Branch,  and  the  Little  Juniata  almost 
to  the  summit  of  the  mountains.  There  is  very  Uttle  manufacturing 
in  the  basin,  and  there  are  no  mills  of  importance  on  the  main  stream 
below  the  mouth  of  the  Raystown  Branch.  Little  power  is  used 
from  the  canal,  but  a  large  amoimt  might  be  developed,  especially 
at  the  locks,  where  considerable  water  wastes. 

The  river  has  a  large  number  of  tributaries,  but  these  offer  few  or 
no  precipitous  falls  and  fewer  rapids  than  the  main  river,  except 
where  they  cut  through  the  ranges  from  one  valley  to  an  adjacent 
one.  Their  flow  is  variable,  their  banks  vary  in  height,  and  they 
sometimes  overflow  considerable  areas  of  bottom  land. 
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JUNIATA   BIVEB   AT  NBWPOBT,   PA. 

This  station  is  located  at  the  steel  highway  bridge  about  800  feet 
east  of  the  public  square  at  Newport.  Buflfalo  Creek  enters  the 
river  from  the  west  about  1  mile  above  the  station.  There  are  no 
important  tributaries  between  Newport  and  the  mouth  of  the  Juniata, 
a  distance  of  about  12  miles.  This  station  was  established  March  21, 
1899,  by  the  United  States  Geological  Survey,  and  was  discontinued 
from  July  15,  1906,  to  January  6,  1907.  It  is  now  being  maintained 
by  the  Pennsylvania  state  water  supply  commission,  from  whom  the 
tables  of  daily  gage  heights  and  discharge  measurements  made  by 
engineers  of  the  commission  are  obtained. 

The  datum  of  the  chain  gage  has  remained  constant  diu-ing  the 
maintenance  of  the  station.  The  discharge  is  usually  affected  by 
ice  conditions.  Conditions  of  flow  are  liable  to  change  from  year  to 
year.  A  good  rating  curve  has  been  developed  for  high  and  medium 
stages,  and  at  low  stages  it  is  fairly  good. 

Dischai^e  data  for  this  station  prior  to  1905  have  been  revised  and 
republished  in  Water-Supply  Paper  No.  109. 

Discharge  Tneasurements  of  Juniata  River  at  Newport^  Pa,,  in  1907S, 


Date. 


Ilydrographer. 


Width. 


Area  of 
section. 


Oace 
height. 


Dis- 
charge. 


1907. 

July  24 

October  11. 


A.  H.  Horton. 
K.C.  Grant... 


lOOS. 
February  16  o.. 

February  17 

Doa 

Maich9 

March  19 

September  10 . . 


Farley  Gannett 

Gannett  and  Grant. 

do 

K.C.  Grant 

Farley  Gannett 

F.  E.  Langenheim.. 


Feet. 
460 
506 


617 
616 
615 
619 
637 
470 


Sq.ft. 
986 
1,060 


7,160 
6,600 
6,060 
6,640 
10,700 
848 


Feet. 
3.32 
3.41 


13.70 

laso 

10.20 
12.68 
19.16 
2.74 


Sec.'ft. 
1,620 
1,690 


39,900 
27,400 
24,700 
36.300 
73,700 
662 


o  Float  measurement. 
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SURFACE  WATER  SUPPLY,  1907-8. 


Daily  gage  height  ^  in  feet  ^  of  Juniata  River  at  Newport^  Pa.  ^  for  1907-S. 
[A.  R.  Bortel,  obaerver.] 


Day. 


1. 
2. 
3. 
4. 
6. 

6. 

7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
26. 

26. 
27. 
28. 
29. 
30. 
31. 


1907.« 


1908.» 


Jan. 


5.1 
5.0 
5.05 
4.95 

4.8 
4.85 
6.85 
9.75 
11.4 

11.05 
8.55 
7.3 
6.9 
7.95 

9.25 
8.65 
7.0 
6.0 
5.6 

5.35 

5.05 

4.5 

4.15 

4.15 

4.25 


6.7 

6.0 

5.5 

5.15 

4.85 

4.7 
4.3 
4.1 
4.0 
4.1 

3.95 
5.05 
11.15 
11.45 
8.55 

7.0 

ao5 

a55 
5.1 

4.85 

4.7 

4.65 

5.0 

5.35 

6.05 

4.7 
4.7 
5.0 
4.7 
4.4 
4.1 


Feb. 

Mar. 

Apr. 

4.15 

7.65 

4.75 

4.1 

7.85 

4.5 

4.35 

ao 

4.5 

4.4 

8.15 

4.4 

4.2 

a2 

4.4 

4.05 

7.9 

4.3 

3.9 

7.6 

4.25 

3.9 

7.15 

4.2 

3.7 

6.1 

4.7 

3.9 

5.15 

a46 

4.0 

5.6 

a26 

4.05 

6.1 

5.7 

3.9 

5.3 

5.5 

3.85 

lao 

5.15 

4.0 

22.1 

4.96 

4.1 

15.65 

4.8 

3.85 

12.0 

4.6 

4.0 

11.1 

4.5 

4.0 

lao 

4.45 

4.0 

14.6 

4.4 

3.95 

15.15 

4.4 

4.0 

ia7 

4.4 

7.8 

8.85 

4.3 

7.4 

8.35 

4.55 

7.7 

&9 

5.25 

7.25 

6.3 

5.6 

7.4 

5.65 

6.3 

7.45 

5.7 

5.05 

6.55 

4.8 

5.2 

4.6 

4.95 

3.7 

4.6 

5.76 

3.5 

4.45 

5.7 

4.75 

4.55 

6.75 

4.85 

5.3 

6.8 

4.8 

5.7 

6.55 

4.6 

5.7 

5.35 

4.5 

9.3 

5.2 

4.4 

12.6 

5.0 

4.9 

12.75 

6.25 

5.2 

11.8 

ai 

5.0 

9.9 

5.85 

5.05 

ia7 

6.7 

4.95 

11.7 

5.55 

5.2 

12.5 

5.25 

a9 

12.25 

5.05 

13.9 

12.3 

5.1 

10.9 

11.2 

5.0 

7.55 

9.65 

4.75 

6.2 

17.45 

4.85 

6.55 

19.6 

5.5 

5.25 

13.15 

6.6 

4.8 

9.7 

5.25 

4.6 

8,25 

4.9 

4.5 

7.45 

4.7 

4.45 

7.05 

4.6 

5.1 

6.75 

4.6 

9.3 

6.2 

4.6 

5.6 

ai 

4.75 

4.65 

ai 

4.4 

a25 

4.2 

5.95 

May.    June. 


4.5 
4.6 
4.4 
4.3 
4.3 

4.4 
4.46 
4.6 
5.66 
7.6 

7.4 

a6 

5.65 
5.15 
4.95 

4.7 

4.55 

4.4 

4.25 

4.1 

4.05 
3.95 
3.85 
3.8 


3.8 
3.9 
3.9 
3.9 
3.9 
3.75 


4.35 

4.55 

4.4 

4.35 

4.25 

4.36 
5.9 
12.85 
11.15 
9.1 

7.75 

ao 

5.9 
5.4 
5.25 

5.45 
a  15 
a  65 

ao 

15.6 

13.75 
10.9 
12.0 
9.25 
7.6 

a7 

&15 
7.0 
5.85 
6.75 

a4 


3.8 
4.55 
a95 
7.0 

ao 

6.7 

&65 

5.1 

4.75 

4.55 

4.4 

4.4 

4.85 
5.45 
a  75 

a  75 
5.66 
6.0 
4.6 
4.35 

4.3 
4.2 
4.0 
4.3 
4.3 

4.15 

3.95 

3.85 

3.7 

3.8 


a25 

5.55 

6.05 

4.7 

4.5 

4.4 

4.2 

4.05 

4.0 

4.05 

4.05 
4.0 
3.85 
3.8 
3.8 

3.75 

3.85 

3.8 

3.7 

3.6 

3.6 
3.5 
3.5 
3.5 
3.55 

3.6 

3.45 

3.4 

3.25 

3.25 


July. 


4.4 

4.25 
4.15 
3.90 
3.75 

3.7 

3.5 

3.65 

3.6 

3.6 

Z.S 
3.6 
3.5 
3.6 
3.5 

3.4 

3.4 

3.4 

3.75 

3.95 

3.6 
3.4 
3.5 
3.3 
3.1 

3.2 
3.2 
3.1 
3.2 
3.2 


3.25 

3.35 

3.5 

3.5 

3.6 

3.85 

3.4 

3.3 

3.25 

3.1 

3.1 
3.1 
3.1 
3.2 
3.25 

3.5 
3.3 
3.2 
3.1 
3.1 

3.1 

3.25 

3.3 

3.2 

3.75 

3.55 

6.5 

4.25 

3.75 

3.5 

3.4 


Aug. 

Sept. 

Oct. 

Nov.  1 

3.0 

3.0 

3.5 

3.2 

3.1 

3.0 

3.5 

3.1 

3.1 

2.0 

3.3 

4.76 

2.95 

3.2 

3.4 

5.5 

3.0 

4.5 

3.5 

4.76 

3.1 

4.0 

3.55 

4.45 

3.0 

4.0 

3.6 

4.3 

3.1 

3.7 

3.5 

4.65 

3.1 

3.4 

3.4 

4.8 

3.05 

3.6 

3.4 

4.7 

3.2 

5.0 

3.4 

4.6 

3.35 

5.65 

3.4 

4.2 

3.15 

4.95 

3.3 

4.1 

3.15 

4.35 

3.2 

3w9 

3.1 

3.85 

3.2 

3.8 

2.95 

3.7 

3.2 

3.7 

3.0 

3.5 

3.1 

3.7 

3.0 

3.4 

3.1 

3.5 

2.8 

3.6 

3.1 

3.5 

2.96 

3.55 

3.1 

3.6 

2.9 

3.45 

3.1 

3.8 

2.75 

3.6 

3.0 

3.9 

2.9 

3.85 

3.1 

3.9 

3.1 

4.06 

3.1 

3.9 

3.20 

3.9 

3.1 

4.15 

3.6 

3.85^ 

3.0 

4.5 

3.5 

3.6 

3.0 

4.6 

3.35 

3.5 

3.25 

4.45 

3.25 

3.5 

3.4 

4.3 

3.2 

3.4 

3.66 

4.25 

3.0 

3.45 

3.3 

2.9 

3.5 

3.0 

3.15 

3.0 

3.2 

3w05 

3.1 

2.9 

3.05 

3.0 

3.05 

2.8 

3.0 

3.0 

3.0 

2.8 

3.0 

3.0 

3.1 

2.9 

3.0 

2.9 

3.1 

2.8 

2.95 

2.9 

3.1 

2.85 

2.9 

2.9 

3.1 

2.7 

3.0 

2.85 

3.1 

2.75 

3.0 

3.0 

3.1 

2.75 

3.0 

2.8 

3.1 

2.9 

2.95 

3.0 

3.1 

2.9 

3.0 

3.0 

3.0 

2.9 

3.0 

2.9 

3.0 

2.8 

3.05 

3.0 

3.0 

2.8 

2.9 

2.9 

2.95 

2.8 

2.9 

2.8 

3.06 

2.8 

2.9 

2.8 

3.1 

2.75 

2.85 

3.0 

3.05 

2.8 

2.95 

2.9 

3.0 

2.7 

2.85 

3.05 

3.1 

2.8 

2.85 

3.0 

3.1 

2.8 

2.9 

3.0 

3.1 

2.8 

2.85 

2.95 

.3.06 

2.9 

3.0 

2.8 

3.1 

2.8 

Z.2 

2.9 

3.05 

2.85 

3.2 

3.0 

2.9 

2.8 

3.2 

3.0 

2.9 

3.46 

S.15 

2.85 

3.0 

3.7 

3.1 

2.9 

3.0 



3.1 

o  Discharge  affected  by  Ice  conditions  from  about  February  23  to  March  13, 1907. 
b  Discharge  probably  not  affected  by  ice  conditions  during  1906. 
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Oage 
height. 

Dis- 
charge. 

Qage 
height. 

Dis- 
charge. 

See.'ft. 
3,770 

hei^t. 

Dis- 
charge. 

hei^t. 

Dis- 
charge. 

Feet. 

See.'ft. 

Feet. 

Feet. 

See.'ft. 

Feet. 

See.'ft. 

2.70 

610 

4.30 

5.90 

8,570 

9.00 

19.940 

2.80 

726 

4.40 

4,050 

6.00 

8.890 

10.00 

24, 140 

2.90 

845 

4.50 

4,330 

6.20 

9,540 

11.00 

28,540 

3.00 

975 

4.60 

4,610 

6.40 

10,200 

12.00 

33,100 

3. 10 

1,116 

4.70 

4,900 

6.60 

10,880 

13.00 

38,02* 

3.20 

1,270 

4.80 

5,190 

6.80 

11,560 

14.00 

43,280 

3.30 

1,440 

4.90 

5,480 

7.00 

12,260 

15.00 

48,780 

3.40 

1,620 

5.00 

5,780 

7.20 

12,970 

16.00 

54,520 

3.50 

1,810 

5.10 

6,080 

7.40 

13,700 

17.00 

00,440 

3.60 

2,020 

6.20 

6,380 

7.60 

14,440 

18.00 

66,440 

3.70 

2,240 

5.30 

6,690 

7.80 

15,200 

19.00 

72,600 

3.80 

2,470 

5.40 

7,000 

8.00 

15,960 

20.00 

78,800 

3.90 

2,710 

5.50 

7,310 

8.20 

16,740 

21.00 

85,180 

4.00 

2,970 

5.60 

7,620 

8.40 

17,520 

22.00 

91,580 

4.10 

3,230 

6.70 

7,930 

8.60 

18.320 

22.10 

92,220 

4.20 

3,500 

5.80 

8,250 

8.80 

19,120 

Note.— The  above  table  Is  not  applicable  for  Ite  or  obstructed-channel  conditions.  It  is  based  on  dis- 
chaive  measurements  made  during  1899-1908.  and  Is  well  defined  above  gage  height  4  feel.  Below  this  gage 
height  it  is  fairly  well  defined. 

Monthly  discharge  of  Juniata  River  at  Newport;  Pa.,  for  1907-8.  - 
[Drainage  area,  3,480  square  miles.] 


Month. 


January — 
February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


Discharge  in  secorid-feot. 


Maximum. 


30,300 


92,200 
10,400 
14,400 
12,300 
4,050 
2,02t) 
7,780 
2,130 
7,310 
21,200 


92,200 


January — 
February... 

March 

AprU 

py 

June 

July 

August 

September. 

October 

November. . 
December.. 


30,600 

42,700 

76.300 

9,210 

52,200 

9,700 

7,310 

1,440 

2,240 

1,810 

1,040 

3,640 


The  year. 


76,300 


Minimum. 


3,360 
2,240 


Mean. 


3,500  I 

2,360 

2,240 

1,120 

668 

845 

975 

1,120 

1,920 


668 


2.840 

1,810 

4,190 

3,500 

3,640 

1,360 

1,120 

845 

610 

78,=^ 

725 

78.') 

610 


14,000 
2,910 

17,800 
5,340 
4,780 
5.610 
1,970 
1,130 
2,580 
1,440 
3,460 
7,540 


5,710 


Per 
square 
mile. 


4.02 
.836 
5.12 
1.53 
1.37 
1.61 
.566 
.325 
.741 
.414 

il7 

1.64 


Run-off 
(depth  in 
inches  on 

drainage 
area). 


4.64 
.87 
5.90 
1.71 
1.58 
1.80 
.65 
.37 
.83 
.48 
1.11 
2.50 


22.44 


7,840 

2.25 

8,510 

2.45 

22,700 

a  52 

6,360 

1.83 

14,900 

4.28 

3,060 

.879 

1,790 

.514 

1,060 

.305 

836 

.240 

1,010 

.290 

896 

.2.57 

1,370 

.394 

2.59 
2.64 
7.52 
2.04 
4.93 
.98 
.59 
.35 
.27 
.33 
.29 
.45 


5,860 


I 


l.iiS 


22.98 


.\ccu- 
racy. 


Note. — Discharge  January  I  to  6  and  Februarv  23  to  March  13,  1907,  estimated  on  the  basis  of  the  dis- 
charge of  West  Branch  Susquehanna  River  at  Wllllamsport. 

Second-feet. 

Discharge  January  1  to  6. 1907 25,000 

February  23  to  28. 1907 2, 500 

March  1  to  13,  1907 2, 500 

Discharge  interpolated  July  31, 1907. 
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SUBFACE  WATEB  SUPPLY,  1907-6, 


BROAD  CREEK  AT  MILL  GREEK,  MD. 

Broad  Creek  rises  in  the  northern  part  of  Harford  County,  flows 
southeastward,  and  then  northeastward  into  the  Susquehanna.  Its 
fall  is  gradual,  the  bed  is  of  gravel  or  sand,  the  banks  are  generally 
low,  and  the  flow  is  variable. 

This  station  is  located  at  the  steel  highway  bridge  in  the  village 
of  Mill  Green.  Xo  important  tributaries  enter  Broad  Creek  in  the 
immediate  vicinity  of  Mill  Green.  The  station  is  about  8  miles 
above  the  junction  of  Broad  Creek  with  the  Susquehanna.  It  was 
established  December  14,  1904,  and  was  discontinued  March  31, 
1909.     The  observer  was  paid  by  the  Maryland  state  weather  service. 

This  station  was  established  to  determine  the  r^imen  of  flow  of 
Broad  Creek  for  power  purposes. 

The  datum  of  the  chain  gage  has  remained  constant  since  the 
establishment  of  the  station.  The  discharge  is  often  affected  by 
ice  during  the  winter  period.  Conditions  of  flow  have  remained 
practically  constant  during  the  maintenance  of  the  station,  and  a 
good  low-water  rating  curve  has  been  developed. 

The  following  discharge  measurement  was  made  May  21,  1908: 
Width,  30  feet;  area,  39  square  feet;  gage  height,  2.47  feet;  dis- 
charge, 26.0  second-feet. 

Daily  gage  height,  in  feet,  of  Broad  Creek  at  Mill  Green,  Md.^for  1907-S. 
IE.  T.  TreaUe.  observer.] 


Day. 


Jan.      Feb.     Mar.  ,  Apr.  .  May.    June.    July.     Aug.    Sept.     Oct.  |  Not.     Dec, 


1907  a 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 


2L78 
2.58 
2.51 
2.77 

2.62 

2.60 
2.57 
2.4H 
2.55 
2.50 


2.42 
2.48 
2.44 
2.48 
2.70 

2.80 
2.65 
2.62  * 
2.52 
2.48 


2.38 
4.60 
2.82 
250 
3.48 


2.52 
2.45  . 
3.25  , 
2.92 
2.42  f 


2.  46  (    2.  48 
Z73       2.46 


,    2.51 

2.48  - 

2.(i6 

2.52 

2.74 

2.44 

'    2.61 

2.42 

2.62 

2.42 

Z55 

Z35 

2.59 

2.44 

3.28 

2.44 

2.60 

2.41 

2  52 

2.42 

2.48 

2.58 

2.6D 

2.62 

2.52 

2.59 

2.50 

2.39 

2  52 

2.30 

2.45 

2.33 

2.54 

2.44 

2.44 

2.48 

2.50 
4  60 
3.75 
2.90 

2.72 
2.68 
2.78 
a  12 
Z75 

2.60 
2.57 
2.55 
2.52 
2.49 

2.48 
Z46 
2.48 
2.45 
2.44 
2.40 


2L41 
2.40 
2.41 
2.40 
2.41 

2.36 
2.38 
2.44 
2.75 
2.58 

2.45 
2.41 
246 
2  41 

238 

2  36 
238 
2  36 


2  3«i 

235 

2  35 

2  34 

2  45 

254 

239 

2  40 

2  39 

2  39 

236 

234 

234 
234 
2  31 
242 
235 

235 
238 
23H 
2  52 
239 

238 
234 
2  32 
2  31 
232 

238 
234 
2  31 
234 
248 

238 
234 
230 
2  31 
230 

236 
260 
2  42 
2  32 
2  31 
234 


238 

2  70 
258 
256 
262 

242 
2  37 
239 
239 
235 

243 
236 
235 
239 
238 

235 
2  31 
2  30 
2  31 
230 

235 
2.^ 
234 
229 
229 

230 
229 
226 
260 
239 


231 

226 
230  I 
229  I 
226 

225 
230 
3.00 
232 
234 


240 

240 

232 

229 

230 

229 

2  62 

285 

2  52 

234 

230 

229 

226 

226 

226 

226 

225 

2  21 

225 

224 

222 

270 
242 
232 
230 
226 

226 
224 
222 
265 
232 

220 
230 
220 
225 
224 

221 
2  21 
224 
220 
222 

a36 
220 
228 
a22 
232 

220 
228 
226 
222 
220 
222 


220  246 

221  ,  24 
220  I  239 
220  I  242 
220  24 


219 
216 
222 
220 
210 

236 
224 
210 
218 
216 

216 
282 
226 
222 
210 

224 
222 
4.10 
252 
246 

232 
236 
234 
28S 
260 


226 

26 

254 

2  51 

266 

25 

238 

251 

220 

25 

230  242 

238  *  3.28 

24    I  256 

238  ,  26 

234  :  27 


234 
23 
2  31 
23 
23 

23 

220 

220 

23 

23 

220 
226 
224 
221 
226 

228 
232 
250 
244 
238 
234 


256 
245 
242 
230 
230 

230 
230 
245 
268 
25 

266 
26 
248 
4.28 

ao6 

278 

26 

262 

25 

25 


240 

249 

25 

249 

4.10 

275 

262 

262 

4.3 

3.3 

275 

27 

271 

265 

26 

265 
262 
4% 
3.35 
268 

26 
262 
26 
262 
288 
268 


a  Ice  conditions  prevailed  from  about  January  24  to  February  28, 1007. 
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Doily  gage  height  y  in  feet,  of  Broad  Creek  at  MUl  Green,  Md.^for  /907-*— Continued. 


Day. 

Jan. 

Feb. 

Ma/. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1908.a 
1 

2.62 
2.60 
2.58 
2.60 
2.60 

2.60 
2  62 
4.00 
2.78 
2.65 

2.86 
a66 
2.05 
2.80 
2.75 

2.68 
2.62 
2.61 
2.60 
2.60 

2L64 
263 
260 
270 

288 

272 
282 
265 
2  70 
268 
2  74 

290 
268 
260 
258 
2  68 

2  70 
265 
265 
2  68 
2  62 

258 
266 
3.70 
3.60 
3.90 

270 
265 
2  72 
3.05 
280 

2  75 
2  75 
262 
2  52 
2  52 

5.90 
2  75 

268 
262 

260 
262 
258 
250 
258 

262 
4.68 
2G2 
a25 
2  70 

209 
268 
265 
260 
2  61 

260 
255 
2  52 
255 
258 

256 
2  51 
250 
254 
255 

2  50 
250 
250 
262 
2  61 
272 

255 
2  62 
2  52 
250 
2  49 

249 
246 
255 
2  52 
250 

2  51 
2  49 
2  45 
245 
250 

250 
2  49 
250 
2  51 
2  49 

245 
2  45 
244 
240 
240 

2  40 
240 
238 
239 
240 

240 
238 
239 
242 
250 

2  52 
3.65 
268 
2  62 
2  52 

250 
250 
2  46 
246 
2  46 

2  51 
245 
2  42 
250 
250 

262 
2  49 
2  45 
240 
2.40 

2  40 
238 
235 
236 
235 
235 

235 
235 
239 
238 
234 

232 
2  31 
230 
2  31 
2  31 

2  32 
2  32 
229 
229 
254 

240 
238 
2  32 
234 
2  31 

230 
230 
230 
228 
228 

228 
228 
225 
225 
225 

225 
222 
224 
2  21 
220 

3.70 
226 
225 
224 
220 

220 
220 
220 
274 
225 

220 

220 
219 
218 
2  18 

222 
268 
230 
260 
5.  .30 

240 
230 
230 
229 
225 
226 

228 
225 
225 
225 
225 

232 
285 
226 
230 
226 

224 
220 
220 
2  19 
230 

220 
224 
2  25 
220 
219 

216 
216 
215 
216 
219 

3.38 
234 
229 
225 
220 
220 

220 
220 
218 
216 
218 

240 
225 
220 
220 
218 

216 
216 
216 
215 
215 

215 
216 
216 
216 
216 

218 
218 
215 
218 
216 

216 
220 
2  22 
228 
219 

225 
219 
218 
215 
215 

216 
216 
218 
218 
216 

219 
219 
215 
215 
215 

214 

213 
215 
215 
215 

215 
218 
219 
219 
245 

266 
234 
232 
238 
2  45 
234 

230 
229 
229 
229 
229 

225 
224 
225 
225 
2  21 

221 
220 
220 
220 
224 

221 
225 
2  32 
238 
230 

230 
229 
230 
235 
225 

225 
225 
225 
225 
225 

2.22 

2 

220 

3 

220 

4 

222 

5               .   . 

222 

6 

225 

7 

270 

8 

228 

9 

234 

10 

220 

11 

224 

12 

242 

13. 

232 

14 

221 

15 

222 

16 

226 

17 

230 

18 

19 

236 
2  32 

20 

226 

21 

228 

22 

230 

23 

235 

34 

232 

25 

225 

26 

225 

27 

225 

28 

226 

29 

228 

30 

225 

31 

234 

I  It  is  probable  that  the  flow  of  the  creek  was  not  materially  obstructed  by  ice  conditions  during  1908. 
Rating  table  for  Broad  Creek  at  Mill  Green,  Md.Jor  2904-1908, 


Oaee 
heiiSit. 

Dls- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gaee 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Ser.^t. 

Feet. 

'"t 

Feet. 

See.-ft. 

Feet. 

'"■^ 

2  00 

6 

2  90 

3.80 

165 

4.70 

210 

8 

3.00 

64 

3.90 

160 

4.80 

311 

2  20 

11 

3.10 

74 

4.00 

184 

4.00 

328 

230 

15 

3.20 

84 

4.10 

199 

6.00 

346 

2  40 

20 

3.30 

94 

4.20 

214 

6.20 

380 

2  50 

26 

3.40 

105 

4.30 

230 

5.40 

416 

2  60 

32 

3.60 

117 

4.40 

246 

5.60 

462 

2  70 

39 

3.60 

129 

4.50 

262 

6.80 

490 

2  80 

47 

3.70 

142 

4.60 

278 

6.00 

628 

NOTK.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  Is  based  on 
7  dlaoharge  measurements  made  during  1905-1908  and  is  well  defined  between  gage  heights  2.2  feet  and  3.3 
feet. 
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Monthly  discharge  of  Broad  Creek  at  Mill  Green,  Md.^/or  1907-8. 
(Draiiukge  area,  16.4  square  miles.) 


Month. 


Discharge  in  seoond-feet. 


Maximum.    Minimum. 


RuD-ofl 
(depth  in  1 4,,.,^ 


Mean. 


January..., 
Febniairy.. 

March 

April 

May 

June 

July 

August 

September. 
October. . . . 
November.. 
Dteember. . 


1007. 


92 


278  , 

43 

32| 

39 

64  ! 
101 
199 

26 
227 
320 


19 
17  I 
15  , 

n  I 
H  ; 
10 ' 
11 

13 
25 


30.4 
20.0 
56.8 
21.2 
18.5  I 
20.1  I 
18.4  , 
20.4  I 
22.4 
17.1 
36.1 
58.2 


Per 
square 
mile. 


1.S5 
1.22 
3.46 
1.29 
1.13 
1.23 
1.12 
1.24 
1.37 
1.04 
2.20 
3.55 


inches  on 

drainage 

area). 


racy. 


2.13 

1.27 

3.99 

1.44 

1.30 

1.37 

1.29 

1.43 

1.53  I  B. 

1.20     .V 

2.46     K. 

4.09 


The  year. 


January.. 
February. 
March. 
Ap 


April 
May. 


28.3 


1.72 


23.50 


June 

July 

August 

September. 

October 

November. 
December. . 


184 
509 
291  , 

33 
136 

28 
398 
103  1 

20  ' 

36 

19 

39  I 


31 

27  ' 
261 
19  I 
18  i 
13 

10  j 
10 
10 

9  , 
11 

11  ' 


I 


The  year. 


509  . 


46.3 

65.9  , 

41.5 

24.3 

27.1 

16.3 

31.6 

16.6 

10.8 

12.8 

13.3 

14.4 

2C.7 


2.82 

4.02    , 

2.53 

1.48 

1.66 
.994 

1.93    , 

1.01 
.650 
.780 
.811 
.878 

1.63 


B. 


3.25  A. 
4.34  ,  B. 
2.92  A. 
1.65]  A. 
1.90  A. 
1.11  1  B. 
2.23  I  B. 
1. 16     B. 

.74     B. 

.90  ,  B. 

.90  I  B. 
1.01     B. 


:.10  I 


Note.— Discharge  during  January  24  to  February  28, 1907.  estimated  on  the  basis  of  climatological  reports 
and  comparisons  of  the  discharge  of  eastern  Maryland  stations.  Discharge,  January  24  to  31,  1907,  18 
second-feet. 

DEER  CREEK  NEAR  CHURCHVILLE,  MD. 

Deer  Creek  rises  in  southern  part  of  York  County,  Pa.,  and  flows 
southeastward  into  the  Susquehanna  near  Stafford,  Harford  County, 
Md.  It  is  about  35  miles  long  and  drains  an  area  of  128  square 
miles. 

The  gaging  station  is  located  at  the  highway  bridge  about  3  miles 
north  of  Churchville.  All  tributaries  in  the  vicinity  of  the  station  are 
unimportant.  The  station  is  located  about  1  mile  above  Coolbranch 
Run  and  about  8  miles  above  the  junction  of  Deer  Creek  with  the 
Susquehanna.  It  was  established  December  14,  1904,  and  was  dis- 
continued March  31,  1909.  The  observer  was  paid  by  the  Maryland 
state  weather  service. 

This  station  was  established  to  determine  the  regimen  of  flow  of 
Deer  Creek  for  power  purposes. 

The  datum  of  the  chain  gage  has  not  been  changed  since  the  estab- 
lishment of  the  station.  The  discharge  is  often  affected  by  ic^  during 
the  winter  period.  Conditions  of  flow  have  remained  constant  during 
the  maintenance  of  the  station  and  an  excellent  low-water  rating 
curve  has  been  developed. 
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Daily  gage  height  y  in  feet  ^  of  Deer  Creek  near  Churehxnlley  Md.,for  1907-8. 
(R.  H.  Archer,  observer. J 


Day. 


1.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

n.. 

12.. 
13.. 
14.. 
16.. 

16.. 
17. 
18. 
19. 
20.. 


26. 
27. 
28. 
29. 
30. 
31. 


1907.« 


21... 

22... 
23... 
24... 
25... 


1.. 
2.. 
3.. 
4.. 
6.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


1908. » 


2.55 

2.05 

2.22 

2.15 

2.12 

2.25 

2.52 

2.05 

2.18 

1.80 

2.10 

2.45 

2.08 

2.40 

2.05 

2.36 

2.25 

2.40 

2.20 

2.26 

2,05 

2.20 

2.28 

2.30 

2.35 

2.35 

2.46 

2.25 

2.35 

230 

2.25 

220 

2.30 

215 

2.20 

2.10 

2.20 

2  26 

3.00 

2  26 

2.35 

206 

2.20 

210 

2.10 

210 

2.15 

210 

2.10 

2  26 

2.20 

2  26 

2.00 

2  00 

2.15 

216 

2.05 

2.08 

2.00 



2.36 

3.83 

2.37 

2  62 

2.32 

2  50 

2.30 

2  32 

2.25 

2  33 

2.25 

5.35 

2.65 

5.36 

2.97 

4.15 

2.50 

4.20 

2.63 

4.40 

2.38 

4.45 

4.30 

4.42 

2.96 

4.07 

3.10 

2.90 

2.62 

4.23 

2.53 

2  75 

2.46 

2.m 

2.47 

2.45 

2.40 

2  45 

2.45 

280 

2.40 

2  63 

2.46 

2  42 

2.:^,'y 

2  40 

2.36 

2  35 

2.30 

2  36 

2.33 

10.50 

2.6,5 

3.15 

2.40 

2  95 

2.3,5 
9  2.'; 

2  76 

2  20 


200 

205 

3.82 

2.00 

2  86 

2  00 

2  25 

200 

2.20 

200 

230 

200 

210 

200 

210 

2  36 

2  40 

2  52 

210 

2  30 

220 

2  20 

2  20 

208 

4.06 

2  02 

3.96 

2  00 

286 

200 

2  65 

200 

2  50 

2.02 

2  50 

1.98 

3.10 

1.96 

285 

1.95 

2  46 

1.95 

2  40 

1.96 

2  30 

212 

226 

2  70 

2  20 

210 

2  20 

200 

2  20 

2  00 

2  20 

2  00 

215 

200 

2  10 

200 

205 

2  50 

25;; 

2  60 

2  42 

2,52 

2  36 

2,56 

2  25 

2  46 

2  26 

2  65 

2  20 

2.55 

2  26 

3.07 

2  26 

3.30 

227 

2  95 

2  42 

2.52 

2  30 

2.65 

2  25 

2,50 

217 

2  56 

218 

2  45 

2  37 

2  50 
2  45 
2  47 
2  40 
2  46 

2  40 
2  45 
2  30 
2:i.5 
2  30 

2  45 

2  50 
2  40 
2.56 
2  55 
2.(i0 


2  26  I 
2  17 
2  10 
2.15 
2  18 

2  16 
2  10 
2  16 
2  10 
216 

2  06  ' 
2  10  1 
2  00 
2  05  I 
2  05 


May. 

June. 

1.95 

1.90 

1.95 

3.26 

1.96 

2.26 

200 

2.00 

200 

2.40 

200 

2.20 

210 

1.96 

1.95 

2.10 

2  15 

2.06 

200 

2.00 

2a5 

2.02 

200 

208 

1.95 

1.98 

1.92 

216 

1.88 

200 

202 

1.96 

1.98 

1.90 

1.95 

1.90 

2  70 

1.90 

1.98 

1.90 

1.96 

1.95 

1.95 

1.90 

1.88 

1.85 

2  00 

1.86 

1.92 

1.82 

2a5 

1.80 

2  20 

1.80 

200 

1.88 

2  00 

2  06 

1.92 

2.40 

1.90 

210 

210 

2  00 

2.08 

2  15 

206 

2  05 

2.00 

215 

1.95 

2  30 

1.90 

6.30 

1.90 

2  90 

1.90 

2  75 

1.90 

2  35 

1.86 

2  20 

1.85 

210 

1.85 

2  07 

1.86 

1.96 

1.80 

210 

1.82 

218 

2  28 

2  20 

1.88 

2  18 

1.80 

2  80 

1.80 

2  45 

1.80 

3.25 

1.80 

2  90 

1.80 

2  40 

1.80 

2  28 

1.88 

210 

1.80 

July.  '  Aug.     Sept.     Oct. 


2  30 
210 
2  10 
210 
218 
2  12 


1.80 
1.70 
1.70 
1.70 
1.70 


1.95 
1.90 
1.85 
1.80 
1.80 

1.80 
2  05 
1.88 
1.85 
1.80 

1.90 
215 
1.86 
1.80 
1.75 

1.76 
1.90 
2  42 
2  26 
1.86 

1.80 
1.75 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70 
1.70 
1.80 
1.72 


1.70 
1.68 
1.86 
1.78 
1.72 

1.76 
1.76 
1.96 
1.70 
1.70 

1.65 
1.60 
1.60 
1.70 
1.75 

1.68 
1.60 
1.60 
1.68 
1.66 

1.56 
2  9 
21 

1.78 
6.80  . 

2  90 

2  06  I 
1.88  , 
1.76 
1.7    I 
1.02  I 


1 

2  26 

1.66 

1.96 

1.70 

1.96 

1.66 

1.98 

1.66 

1.78 

1.70 

1.82 

1.70 

1.75 

1.60 

1.70 

1.70 

3.08 

1.70 

205 

1.70 

1.90 

1.68 

1.80 

1.98 

1.70 

1.76 

1.70 

1.70 

1.70 

1.65 

1.70 

1.65 

1.70 

1.65 

1.75 

2  36 

1.70 

1.75 

1.70 

1.90 

1.70 

1.70 

1.88 

1.65 

1.70 

6.45 

2  80 

2  72 

1.90 

2,52 

1.76 

202 

1.70 

1.96 

1.70 

1.92 

1.70 

4.00 

1.70 

2  45 

1.70 

1.60 

1.65 

1.60 

1.66 

1.60 

1.65 

1.60 

1.65 

208 

1.65 

1.80 

200 

200 

1.72 

1.98 

1.65 

1.78 

1.65 

1.70 

1.65 

1.70 

1.65 

1.  (W 

1.65 

1.60 

1.65 

1.60 

1.60 

1.65 

1.60 

1.60 

1.60 

1.72 

l.CO 

2  30 

1.60 

1.76 

1.60 

1.68 

1.60 

1.62 

1.60 

1.65 

1.60 

1..55 

1.60 

1..56 

1.60 

1.60 

1.60 

5.02 

1.60 

2  55 

1.60 

1.80 

1.60 

1.70 

2  80 

1.70 

1.90 

1.70 



215 
205 
200 
200 
2  35 

202 
1.96 
2  28 
202 
1.96 

1.95 
1.90 
1.90 
1.90 
1.90 

1.85 
1.86 
1.86 
1.86 
1.86 

1.85 
1.85 
1.86 
1.8,5 
1.86 

1.86 
1.80 
1.90 
212 
200 
1.90 


1.72 
1.66 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 

1.66 
1.60 
1.60 
1.60 
1.60 

1.60 
1.55 
1.56 
1.56 
1.65 

1.55 
1.55 
1.65 
1.55 
1.96 

6.30 
2  50 
212 
210 
2  30 
1.95 


Nov. 

Dec. 

1.90 

226 

1.92 

210 

3.10 

2  20 

2  08 

215 

200 

220 

200 

215 

3.90 

220 

2  42 

206 

2  30 

3.95 

2.20 

3.66 

2  40 

265 

216 

230 

2.12 

1.86 

200 

3.02 

200 

2  97 

200 

275 

200 

263 

205 

250 

2  32 

2  50 

260 

230 

2  25 

230 

215 

225 

216 

4.27 

4.40 

2  76 

3.80 

2  75 

3.10 

250 

2  50 

2  46 

2  30 

2  40 

2  30 

2  56 

2.20 

2  42 

240 

1.88 

1.72 

1.82 

1.70 

1.78 

1.70 

1.72 

1.70 

1.78 

1.70 

1.75 

1.72 

1.70 

2  32 

1.70 

200 

1.70 

1.80 

1.65 

1.82 

1.65 

1.75 

1.66 

212 

1.60 

1.92 

1.60 

1.80 

1.60 

1.80 

1.60 

1.75 

1.75 

1.80 

1.80 

208 

1.95 

2.00 

2.05 

1.88 

1.92 

1.80 

1.86 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.92 

1.78 

1.86 

1.78 

1.85 

1.78 

1.80 

1.75 

1.90 

1.72 

1.90 

200 

a  Ice  conditions  prevailed  from  about  January  24  to  February  28, 1907. 
f>  Ice  conditions  prevailed  from  about  February  6  to  13, 1908. 
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SURFACE  WATEB  SUPPLY,  1907-8. 
Rating  table /or  Deer  Creek  near  Churchville,  Md.,/or  1904-1908. 


hei^t. 

Dis- 
charge. 

hei^t. 

Db- 
charge,  i 

Oaee 

hsat. 

Dto- 
charge. 

Sec/t. 

he^t. 

Dis- 
charge. 

Feet. 

s..^ 

Feet. 

aec.-fl. 

Feet. 

Feet. 

8ee.-/U 

1.60 

,    2.70 

446 

3.90 

1,210 

5.20 

2.380 

1.60 

87 

2.80 

496 

4.00 

1.290 

6.40 

2.590 

1.70 

106 

2.90 

650 

4.10 

1,370    ! 

5.60 

2.810 

1.80 

126 

3.00 

605 

4.20 

1,460 

6.80 

3.030 

1.90 

150 

1    3.10 

666 

4.30 

1.535 

6.00 

3.260 

2.00 

178 

3.20 

725 

4.40 

1,620 

7.00 

4,460 

2.10 

209 

3.30 

790 

4.50 

1,710 

8.00 

5,760 

2.20 

242 

3.40 

856 

4.60 

1,800 

9.00 

7.060 

2.30 

277 

3.50 

920 

4.70 

1,890    , 

laoo 

8,460 

2.40 

315 

1    3.60 

090 

4.80 

1,985 

2.60 

VA 

1    3.70 

1,060 

4.90 

2.080 

2.60 

400 

'    3.80 

1,135 

5.00 

2,180 

Note.— The  above  table  is  not  ^pUoable  for  toe  or  obstructed-channel  conditions.    It  Is  based  on  6  dl»> 
charge  measurements  made  during  1904-1906  and  Is  weU  defined  between  gage  heights  1.5  feet  and  3.5  iecC 

MarUhly  discharge  of  Deer  Creek  near  Chwrchville,  Ud.Jor  1907S. 
[Drainage  area.  141  square  miles.] 


Discharge  in  seoond-feet 

Run-ofl 

drainage, 
area). 

Month. 

Mhibnum. 

Mean. 

Per 
square 
mile. 

Aooo- 
ncf. 

1907. 
January 

005 

240 

180 
394 
204 
183 
200 
142 
156 
272 
166 

L70 
1.28 
2.79 
1.45 
1.30 
1.42 
1.01 
1.11 
1.93 
1.18 
2.64 
2.98 

1.96  !  A. 

Febniary  ... 

1.33     D. 

March 

1,330 
445 
445 
758 
323 
653 

178 
164 
145 
126 
105 
105 

3.22  .  A. 

April 

1.62 

A. 

Blay 

1.50 
1.58 
1.16 

A. 

June 

A. 

July 

A. 

August 

1.28  ;  A. 

September 

2.660 

87 

2.15  '  B. 

October 

296                  126 

1.36 
2.94 
3.44 

A. 

November 

1,620                  150 

m7 

A. 

December 

1.510                  138              420  1 

A. 

1 

The  vear                    

2.650  1                 87 

244 

1.73 

3.54 

1908. 
January 

1,540 

8.460 

790 

378 

2,480 

270 

4,220 

2.200 

495 

2.480 

194 

285 

242 

383 
718 
379 
249 
350 
145 
274 
189 
110 
192 
119 
142 

2.72 
6.08 
2.69 
1.77 
2.56 
1.08 
1.04 
1.34 

.780 
1.36 

.844 
1.01 

3.14 
5.48 
3.10 
1.98 
2.94 
1.15 
2.24 
1.54 

.87 
1.57 

.04 
1.16 

A. 

February                                          ... 

C. 

March 

277 
178 
164 
.106 
80 
80 
87 
80 
87 
105 

A. 

April 

A. 

fiSy. ..:....: 

B. 

June 

A. 

July 

B. 

August 

B. 

September 

A. 

October       

B. 

November 

A. 

December 

A. 

The  year    

8,460                   fVI 

272 

1.93 

26.11 

Note.— Discharge  during  the  (rocen  periods  1907-8  estimated  on  the  basis  of  climattrfogic^  reports  sod 
intercomparison  oi  data  on  stream  flow  collected  at  eastern  Maryland  stations: 

SeooDd^eet 

Discharge  January  24  to  31, 1907 142 

February  6  to  13, 1908 312 
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MISCELLAITEOUS  MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Susque- 
hanna River  drainage  basin  in  1907: 

Miscellaneous  measurements  made  in  Susquehanna  River  drainage  basin. 


Date. 

Stream. 

Locality. 

Width. 

FeH. 

249 

226 
136 

184 

Area  of 
section. 

heSft. 

Dis- 
charge. 

July  24 

Juniata  River. 
....do 

Covered  bridge  at  Hunt- 

inRdon,  Pa. 
Bridee  2.000  feet  above 

railroad  station. 
At  Hawn's  bridge  near 

Huntingdon,  Pa. 
do 

Sq.ft, 
601 

567 

250 

308 

Feet. 
a  3. 26 

a  3. 22 

Sec.-ft. 
425 

October  12     . . 

360 

July  266 

October  12 

Raystown     Branch 

Juniata  River. 
do 

323 
232 

•  Weather  Bureau  gage  at  covered  bridge  near  railroad  station. 
b  Measurement  by  wading  below  bridge. 

GUNPOWDER  RIVER  DRAINAGE  BASIN. 

DESCRIPTION. 

The  headwaters  of  Gunpowder  River  lie  in  York  County,  Pa.,  near 
the  Maryland  line.  Thence  the  river  flows  southeastward  through 
Baltimore  County,  Md.,  and  empties  into  Chesapeake  Bay  about  10 
miles  northeast  of  Baltimore.  The  river,  though  small,  has  steep 
slopes,  and  the  powers  have  considerable  value  on  account  of  their 
proximity  to  a  large  city.  A  portion  of  the  water  supply  for  Balti- 
more is  taken  from  this  river  at  Loch  Raven,  and  the  city  has  pur- 
chased all  the  power  rights  below  this  place.  Little  Gunpowder  Falls, 
which  is  tributary  below  the  fall  line,  has  the  same  general  character- 
istics as  the  larger  river.  Throughout  its  entire  length  it  forms  the 
boundary  between  Harford  and  Baltimore  counties,  Md.  There  are 
several  small  power  developments. 

GUNPOWDER   FALLS    AT   GLENCOE,  MD. 

This  station  is  located  at  a  steel  liighway  bridge  near  the  Pennsyl- 
vania Railroad  station  at  Glencoe.  It  is  about  three-fourths  of  a  mile 
above  Piney  Creek,  which  enters  Gunpowder  Falls  from  the  west.  It 
was  established  December  15,  1904,  and  was  discontinued  March  31, 
1909.     The  observer  was  paid  by  the  Maryland  state  weather  service. 

This  station  was  established  to  determine  the  regimen  of  flow  of 
Gunpowder  Falls  for  power  purposes.  Between  50  and  60  second- 
feet  are  continuously  diverted  from  this  stream  above  Glencoe  for  the 
water  supply  of  Baltimore,  Md. 

The  datum  of  the  chain  gage  has  remained  constant  since  the 
establishment  of  the  station.  The  discharge  is  sometimes  affected 
by  ice  conditions  during  the  winter  months.  Conditions  of  flow  are 
liable  to  change  at  this  station,  A  good  rating  curve  has  been  devel- 
oped for  low  stages. 

The  following  discharge  measurement  was  made  May  20,  1908: 
Width,  72  feet;  area,  166  square  feet;  gage  height,  2.51  feet;  dis- 
charge. 304  second-feet. 
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SURFACE   WATER  SUPPLY,  1907-8. 


Daily  gage  height ^  in  feet,  of  Gunpowder  FalU  at  Glencoe^  Md.^for  1907-8. 
(Samuel  WUhelm,  observer.] 


Day. 


Jan.      Feb. 


I 


iy07.a 

1 

2 

3 

4 

6 

« 

7 

8 

9 

10 

11 

12 

13 

14 

16 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1908.6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


2.72 
2.38 
2.26 
2.60 
2.20  i 

2.16 
2.16 
2.76 
2.62 


4.80 
4.76 
3.02 
2.28 
3.90 

3.90 
3.90 
4.15 


2.28 





2.18 

2.65 

6.66 

2.60 

2.66 

2.45 

3.45 

2.48 

2.38 

2.38 

3.5 

2  38 

3.48 

2.70 

2.95 

2.40 

2.20 

3.60 

6.00 

3.6 

4.26 

4.85 

6.35 

3.16 

4.90 

5.10 

6.26 

2.65 
2.53 
2.46 
2.43 
2.46 

2.33 
2.93 
2.96 
2.75 
2.43 

2.36 
7.70 
3.90 
3.20 
2.95 

2.85 
2.73 
2.65 
2.60 
2.55 

2.55 
2.55 
2.53 
2.45 
2.53 

2.43 
2.87 
2.47 
2.45 
2.20 
3.70 


6.43 
2.60 
2.63 
2.35 
3.13 

6.35 
6.20 
6.35 
5.75 
5.75 

6.40 
5.85 
7. 10 
4.73 
7.85 

3.43 
2.93 
2.67 
3.05 
3.05 

2.80 
2.65 
2.55 
2.47 
2.35 

11.05 
4.03 
3.30 
3.05 


Mv. 

Apr. 

May. 

June. 

July. 

2.20 

2.02 

1.88 

1.90 

8.60 

2.10 

2.00 

3.62 

1.80 

3.16 

2.10 

1.95 

2.46 

1.72 

2.70 

2.10 

2.02 

2.20 

1.68 

2.58 

2.10 

2.05 

2.36 

1.60 

2.42 

2.02 

2.10 

2.22 

1.60 

2.36 

2,05 

2.10 

2.05 

5.30 

2.38 

2.45 

2.00 

2.10 

2.02 

2.52 

2.62 

2.42 

1.98 

1.90 

2.45 

2.46 

2.12 

1.92 

1.80 

2.38 

2.28 

2.05 

2.10 

7.00 

2.15 

2.15 

2.02 

2.18 

3.30 

6.70 

2.15 

1.98 

2.00 

2.42 

4.20 

2.10 

1.90 

2.00 

2.12 

3.38 

2.08 

1.88 

2.00 

2.00 

2.95 

2.00 

1.82 

1.86 

1.95 

2.82 

2.00 

1.88 

1.80 

1.92 

2.90 

2.00 

1.82 

1.80 

2.30 

3.38 

2.00 

1.86 

1.76 

1.96 

3.45 

2.00 

2.30 

1.70 

1.95 

2.90 

1.90 

1.90 

2.46 

1.80 

2.70 

1.90 

1.82 

1.88 

1.78 

2.70 

2.15 

1.80 

1.70 

1.75 

2.60 

3.32 

1.86 

1.72 

1.75 

2.50 

2.25 

1.85 

1.70 

1.70 

2.38 

2.16 

1,92 

1.65 

1.70 

2.40 

2.20 

2.22 

1.60 

1.70 

2.35 

2.05 

2.06 

1.58 

1.66 

2.30 

2.05 

1.90 

2.35 

1.82 

2.28 

2.05 

1.82 

2.26 

1.76 

2.20 

1.80 

1.66 

2.97 

2.70 

2.05 

2.00 

1.65 

3.07 

2.66 

2.07 

2.00 

1.65 

3.05 

2.47 

2.06 

2.00 

1.55 

2.83 

2.43 

2,05 

1.95 

1.56 

2.75 

2.43 

2.25 

1.95 

1.52 

3.37 

2.40 

2.66 

1.95 

1.50 

5.75 

2.40 

6.15 

1.92 

1.50 

3.37 

2.50 

3.23 

1.90 

1.75 

3.75 

2.50 

2.76 

1.90 

1.50 

3.13 

2.35 

2.63 

1.90 

1.60 

2.97 

2.40 

2.35 

1.85 

1.60 

2.95 

2.35 

2.30 

1.85 

1,46 

2.93 

2.27 

2.25 

1.85 

1,45 

2.87 

2.27 

2.25 

1.80 

1.45 

2.87 

2.43 

2.37 

1.95 

1.45 

2.75 

2.40 

2.35 

2.18 

1.40 

2.67 

2.25 

2.33 

1.95 

1.40 

2.70 

2.25 

2.23 

1.85 

1.38 

2.87 

2.40 

2.23 

1.80 

1.35 

2.65 

2.33 

2.60 

1.80 

1.35 

2.55 

2.20 

3.30 

1.75 

1.36 

2.55 

2.15 

2.85 

1.70 

4.76 

2.63 

2.15 

2.68 

1.70 

2.05 

2.60 

2.15 

2.45 

1.62 

3.52 

2.55 

2.20 

2.38 

1.60 

7.66 

2.50 

2.15 

2.32 

1.60 

2.75 

2.45 

2.15 

2.20 

1.60 

2.78 

2.50 

2.10 

2.15 

1.55 

2.35 

2.73 

2.05 

2.15 

1.55 

2.10 

2.57 

2.07 

2.10 

1.55 

2.00 

2.80 

2.00 



1.95 

Aug.  I  Sept.     Oct.  .  Nov.     Dec 


2.48  , 
1.80  I 
1.75 
.1.90  I 
1.75  : 


1.80 
1.72 
1.62 
1.95  ; 
1.85 

1.70 
1.66 
1.60 
1.65 
1.62 

1.42 
1.48 
1.60 
1.50 
1.60 

1.48 
1.56 
1.50 


1.42 
1.62 
1.48 
1.72 
1.65 

1.50 
1.46 
1.40 
1.50 
1.56 

4.82 
2.25 
1.78 
1.66 
1.60 

1.65 
1.60 
1.60 
1.60 
1.50 

1.62 
1.68 
5.30 
3.22 


2.15 

2.25 

1.68 

1.05 

1.60 

1.90 

1.56 

1.80 

1.62 

3.48 

1.50 

2.35 

1.48 

1.90 

1.70 

1.82 

1.70 

1.78 

1.65 

1.75 

1.62 

1.98 

1.60 

2.60 

2.18 

1.90 

1.78 

2.26 

1.72 

2.06 

1.60 

1.92 

1.60 

1.85 

1.65 

1.80 

1.60 

1.78 

1.65 

1.70 

1.65 

1.68 

1.68 

1.65 

1.65 

1.72 

1.65 

2.22 

1.65 

1.85 

1.65 

1.70 

1.68 

1.65 

1.50 

1.68 

1.55 

1.70 

1.65 

1.70 

1.60  , 

1.70 

1.68 

5.20 

1.62 

2.28 

1.60 

2.02 

1.70 

1.90 

2.90 

1.85 

1.90 

1.72 

2.00 

1.80 

1.90 

2.22 

2.05 

3.00 

1.90 

2.28 

1.90 

2.12 

1.92 

2.05 

1.90 

3-20 

2.30 

2.35 

2.08 

2.20 

1.88 

2.42 

1.82 

2.38 

1.80 

2.22 

1.72 

2.10 

1.72 

2.00 

1.72 

1.98 

1.70 

1.95 

1.70 

1.95 

1.70 

2.02 

1.66 

2.78 

1.66 

2.32 

1.66 

2.38 

1.66 

2.30 

1.65 

2.20 

1.60 

4.55 

1.60 

3.50 

1.62 

3.15 

1.62 

2.88 

2.40 

2.62 

3.06 

2.50 

2.20 

2.30 

1.90 

1,70 

2.00 

1.90 

1.92 

1.72 

1.90 

1.70 

1.85 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.80 

1.60 

1.78 

1.60 

2.06 

1.60 

1.85 

1.60 

1.85 

1.66 

2.00 

1.55 

1.98 

1.56 

196 

1.55 

1.92 

1.66 

1.80 

1.65 

1.80 

1.58 

1.80 

2.68 

1.80 

6.05 

1.80 

2.20 

1.78 

2.05 

1.72 

2.02 

1.75 

2.22 

1.75 

2.02 



o  Ice  conditions  prevailed  from  al>out  January  24  to  March  1,  1907,  except  February  3  and  4. 
»  Discharge  aiTected  by  ice  conditions  January  31,  February  1,  February  6  to  13,  and  December  23  to 
30,1908. 
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Rating  table  for  Gunpowder  Falls  at  Glencoe,  Md.,/or  1906-1908, 


hei^. 

Dis- 
charge. 

Oac© 
height. 

Dis- 
charge. 

Gage 
height. 

Feet. 

Dis- 
charge. 

8ec.-ft. 

hei^t. 
Feet. 

Dis- 
charge. 

Feei. 

See.'ft. 

Feet. 

See.'ft. 
375 

Sec.-ft. 

1.30 

65 

2.80 

4-30 

955 

6.60 

2,300 

1.40 

77 

2.90 

407 

4.40 

1,000 

6.80 

2,440 

1.50 

90 

3.00 

440 

4.50 

1,050 

7.00 

2,580 

1.60 

104 

3.10 

475 

4.60 

1,100 

1    7.20 

2,720 

1.70 

119 

3.20 

510 

4.70 

1,150 

,    7.40 

2,860 

1.80 

135 

3.30 

545 

4.80 

1,200 

7.60 

3,000 

1.90 

152 

3.40 

580 

4.90 

1,255 

7.80 

3,140 

2.00 

170 

3.50 

620 

5.00 

1,310 

8.00 

3,280 

2.10 

190 

3.60 

660 

5.20 

1,420 

'    9.00 

4,000 

2.20 

212 

3.70 

700 

5.40 

1,530 

10.00 

4,740 

2.30 

235 

3.80 

740 

5.60 

1,650 

11.00 

5,490 

2.40 

260 

3.90 

780 

5.80 

1,770 

12.00 

6,250 

2.50 

286 

4.00 

820 

6.00 

1,900 

2.60 

314 

4.10 

865 

&20 

2,030 

2.70 

344 

4.20 

910 

6.40 

2,160 

1 

Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.    It  is  based  on  5  dis* 
charge  measurements  made  during  1905-1906,  and  is  well  defined  between  gage  heights  1.8  feet  and  5 feet. 

Monthly  discharge  of  Gunpowder  Falls  at  Glencoe,  Md.^for  1907-8. 

[Drainage  area,  160  square  miles.] 


Month. 

1907. 
January 

Maximum. 
612 

Discharge  in 
Minimum. 

second-fee 
Mean. 

250 
192 

t. 

Per 
square 
mile. 

1.91 
1.54 
3.50 
1.65 
1.39 
1.61 
2.09 
1.16 
1.79 
1.30 
2.19 
3.14 

Run-off 
(depth  in 
Inches  on 
drainage 

area). 

2.20 
1.60 
4.04 
1.84 
1.60 
1.68 
2.41 
1.34 
2.00 
1.50 
2.44 
3.62 

Accu- 
racy. 

B. 

Februwy 

D. 

March 

3,800 
552 
265 
668 

2,580 
538 

1,480 
457 

1,080 

2,060 

505 

B. 

Anrll... 

i52" 

135 
101 
104 
80 
77 
104 
135 
194 

209 
167 
186 
280 
131 
231 
153 
296 
447 

B. 

May..;::::': ::■::::•: : 

B. 

June 

B. 

July 

B. 

August 

C. 

September 

B. 

October 

B. 

November 

B. 

December. 

B. 

The  year    

3,800 

77 

254 

1.93 

26.27 

1908. 
January 

3,070 
5,530 
1,740 

344 
1,390 

208 
3,040 
1,420 

407 
1,930 

180 

180 

200 

417 

656 
433 
242 
299 
106 
270 
191 
119 
186 
142 
130 

2.95 
4.44 
3.05 
1.86 
2.21 
1.01 
2.03 
1.54 
1.09 
1.51 
1.23 
1.16 

3.40 
4.79 
3.52 
2.08 
2.55 
1.13 
2.34 
1.78 
1.22 
1.74 
1.37 
1.34 

B. 

February 

B. 

March 

273 
180 
170 
97 
71 
111 
90 
97 
122 

B. 

April 

B. 

May .  . 

B. 

June 

C. 

July 

B. 

Aug^t 

B. 

September 

C. 

October 

B. 

November 

C. 

December.                    

C. 

The  year 

5,530 

71 

266 

2.01 

27.26 

Note.— The  first  three  columns  give  the  actual  discharge  past  the  Glencoe  station.  The  last  two  columns 
Include  the  diversion  of  55  second-feet  (value  approximate)  to  obtain  the  actual  discharge  per  square  mile 
and  run-off  depth  in  inches  from  the  drainage  basin  as  a  whole.    See  description. 

The  discharge  during  the  frozen  t>eriods  is  based  on  cUmatological  reports  and  an  intercomparison  of 
eastern  Maryland  stations. 

Second-feet. 

Discbarge  January  24  to  31, 1907 154 

March  1,1907 200 

January  31, 1908 200 

February  1, 1908 500 

February  5  to  13, 1908 241 

December  23  to  30, 1908 102 

16254— IKR  241—10 21 
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LITTLE  QUNFOWDEB  FALLS   NEAB  BELAIR,  HD. 

This  station  is  located  at  a  steel  highway  bridge  on  the  road  from 
Belair  to  Elingsville.  It  is  about  5  miles  southwest  of  Belair.  Wild- 
cat Branch  enters  the  stream  from  the  north  about  one-half  mile 
below  the  station.  It  was  established  December  1-3,  1904,  and  was 
discontinued  March  31,  1909.  The  observer  was  paid  by  the  Mary- 
land state  weather  service. 

This  station  was  established  to  determine  the  regimen  of  flow 
of  Little  Gunpowder  Falls  for  power  purposes. 

The  datum  of  the  chain  gage  has  remained  constant  since  the 
establishment  of  the  station.  The  discharge  is  sometimes  affected 
by  ice  conditions  during  the  winter  period.  Conditions  of  flow  are 
liable  to  change.  A  fairly  good  rating  curve  has  been  developed  for 
low  stages. 

The  following  discharge  measurement  was  made  May  22,  1908: 
Width,  42  feet;  area,  60  square  feet;  gage  height,  1.92  feet;  dis- 
charge, 84.4  second-feet. 


I  I 


Digitized  by  VjOOQ  IC 


GUNPOWDER  BIVER  DRAINAGE  BASIN. 


323 


Daily  gage  height,  in  feet,  of  Little  Gunpowder  Falls  near  Belair,  Md,,  for  1907-8. 

[George  Unkart,  observer.] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1907. 
1         

2.06 
1.86 
1.86 
2.29 
1.89 

1.82 
1.81 
3.12 
2.15 
1.85 

1.81 
2.08 
1.96 
2.16 
1.99 

1.94 
1.95 
1.96 
1.98 
2.60 

2.06 
1.94 
1.88 
2.04 
2.07 

1.88 
2.00 
2.19 
2.42 
2.10 
1.98 

1.97 
1.97 
2.02 
1.93 
1.97 

1.88 
3,14 
2.30 
2.00 
2.02 

2.00 
4.00 
2.42 
2.16 
2.10 

2.10 
2.02 
1.99 
1.97 
1.99 

2.02 
1.98 
1.98 
1.96 
2.03 

1.94 
2.36 
1.94 
2.01 
1.90 
2.12 

1.84 
1.95 
1.99 
1.78 
1.82 

2.28 
2.52 
2.52 
2.68 
2.20 

1.94 
2.32 
2.38 
2.13 
2.02 

1.95 
1.90 
2.01 
1.91 
1.88 

1.81 
1.74 
1.82 
1.91 
2.10 

1.94 
1.75 
1.88 

3.24 
2.10 
2.24 
2.40 
2.53 

2.72 
2.38 
2.66 
2.98 
3.10 

2.60 
2.02 
3.29 
3.22 
3.27 

2.30 
2.10 
2.10 
2.39 
2.30 

2.11 
2.08 
1.97 
1.98 
2.02 

O6.20 
2.40 
2.11 
2.08 

1.78 
4.36 
2.44 
1.90 
2.06 

2.26 
1.88 
1.99 
2.00 
1.98 

1.88 
1.85 
4.18 
2.89 
2.35 

2.11 
2.11 
2.10 
2.55 
2.39 

2.08 
2.01 
1.99 
1.94 
1.88 

1.88 
1.86 
1.89 
1.85 
1.79 
1.82 

1.99 
2.18 
2.08 
1.94 
1.96 

2.22 
3.09 
2.22 
2.43 
2.13 

2.06 
2.08 
2.06 
2.00 
1.99 

1.95 
1.87 
2.02 
1.96 
1.88 

1.92 
1.88 
1.90 
1.91 
1.85 

1.84 
1.84 
1.83 
2.14 
1.94 
2.03 

1.78 
1.76 
1.81 
1.82 
1.82 

'   1.78 
1.86 
1.98 
2.20 
1.94 

1.94 
1.89 
1.69 
1.80 
1.72 

1.68 
1.70 
1.66 
1.75 
1.88 

1.74 
1.74 
1,88 
2.86 
1.81 

1.82 
1.68 
1.76 
1.76 
1.70 

1.98 
1.92 
1.86 
1.88 
1.83 

1.88 
1,82 
1.93 
1.84 
1.82 

1.88 
1.80 
1.73 
1.77 
1.77 

1.89 
1.79 
1.80 
1.88 
1.79 

1.77 
1.70 
1.68 
1.70 
1.70 

1.74 
1.72 
1.72 
1.67 
1.68 

1.70 
1.72 
1.73 
1.78 
1.70 

1.79 
1.78 
1.66 
1.90 
1.70 

1.65 
1.66 
1.68 
1.62 
1.64 

1.78 
1.74 
1.60 
1.68 
1.90 

1.74 
1.66 
1.64 
1.64 
1.66 

1.76 
2.32 
1.84 
1.64 
1.62 
1.59 

1.75 
1.69 
1.67 
1.66 
1.75 

1.91 
2.77 
2.08 
1.95 
1.83 

1.73 
1.72 
1.69 
1.79 
1.78 

1.81 
1.79 
1.66 
1.67 
1.89 

2.21 
1.90 
1.82 
1.74 
1.66 

1.65 
1.59 
1.57 
1.60 
1.60 
1.62 

1.74 
2.89 
1.91 
1.72 
2.31 

1.86 
1.84 
1.78 
1.72 
1.68 

1.84 
1.81 
1.72 
1.84 
1.74 

1.68 
1.62 
1.58 
1.60 
1.64 

1.81 
1.65 
1.60 
1.58 
1.60 

1.59 
1.54 
1.54 
1.99 
1.89 

1.58 
1.62 
1.45 
1.55 
1.48 

1.56 
1.55 
1.45 
1.56 
1.52 

1.42 
1.46 
1.48 
1.48 
2.36 

1.79 
1.52 
1.50 
1.50 
1.51 

1.50 
1.44 
1.45 
1.41 
1.48 

1.27 
1.39 
1.40 
1.38 
1.36 

1.68 
1.52 
1.50 
1.58 
1.48 

1.42 
2.33 
1.60 
1.48 
1.56 

1.62 
1.78 
1.62 
1.56 
1.52 

1.52 
1.60 
1.77 
1.72 
1.71 

1.56 
1.52 
1.50 
1.49 
1.57 

1.36 
1.48 
1.45 
1.46 
1.48 
1.52 

1.35 
1.32 
1.34 
1.25 
1.40 

1.37 
1.41 
1.50 
1.38 
1.36 

1.32 
1.34 
1.36 
1.28 
1.25 

1.34 
1.12 
1.56 
1.26 
1.25 

1.17 
2.55 
1.74 
1.48 
2.45 

1-70 
1.62 
1.48 
1.36 
1.33 
1.38 

1.82 
1.56 
1.82 
1.70 
1.48 

1.59 
1.48 
1.46 
1.88 
1.61 

1.54 
1.46 
1.38 
1.42 
1.42 

1.38 
1.35 
1.42 
1.41 
1.49 

1.47 
1.44 
1.46 
2.19 
1.52 

1.53 
1.48 
1.50 
1.42 
1.36 
1.50 

1.32 
1.32 
1.29 
1.26 
1.42 

1.39 
1.30 
1.92 
1.61 
1.38 

1.26 
1.36 
1.25 
1.36 
1.29 

1.30 
1.34 
1.54 
1.38 
1.38 

1.32 
1.38 
1.32 
1.39 
1.37 

3.54 

1.74 
1.54 
1.38 
1.43 
1.37 

1.36 
1.44 
1.44 
1.46 
1.28 

1.39 
1.40 
1.40 
1.46 
1.34 

1.62 
1.48 
1.41 
1.38 
1.36 

1.40 
1.42 
1.48 
1.41 
1.40 

1.42 
1.46 
3.31 
2.02 
1.92 

1.65 
1.66 
3.34 
3.00 
1.88 

1.35 
1.26 
1.30 
1.41 
1.30 

1.85 
1.38 
1.36 
1.41 
1.30 

1.34 
1.36 
1.34 
1.35 
1.42 

1.26 
1.24 
1.26 
1.26 
1.26 

1.34 
1.28 
1.39 
1.28 
1.05 

1.38 
1.35 
1.45 
1.92 
1.42 

1.66 
1.58 
1.69 
1.71 
1.78 

1.60 
1.60 
1.72 
1.66 
1.58 

1.58 
1.58 
1.55 
1.56 
1.62 

1.52 
1.56 
1.49 
1.62 
1.52 

1.62 
1.56 
1.56 
1.48 
1.48 

1.65 
1.52 
1.90 
1.69 
1.54 
1.64 

1.41 
1.48 
1.38 
1.38 
1.32 

1.38 
1.26 
1.34 
1.40 
1.38 

1.34 
1.34 
1.38 
1.22 
1.35 

1.40 
1.38 
1.32 
1.38 
1.30 

1.22 
1.28 
1.40 
1.54 
1.86 

3.14 
1.78 
1.62 
1.64 
1.88 
1.62 

1.60 
1.70 
1.88 
1.70 
1.62 

1.68 
2.68 
1.88 
1.80 
1.90 

•1.78 
1.66 
1.68 
1.63 
1.64 

1.62 
1.63- 
1.70 
2.06 
1.80 

1.92 
1.84 
1.78 
4.12 
2.64 

2.24 
2.04 
1.95 
1.86 
1.86 

1.66 
1.54 
1.45 
1.62 
1.54 

1.45 
1.49 
1.42 
1.54 
1.40 

1.45 
1.50 
1.34 
1.42 
1.60 

1.54 
1.58 
1.52 
1.70 
1.64 

1.62 
1.51 
1.52 
1.50 
1.48 

1.48 
1.34 
1.48 
1.44 
1.39 

1.86 

2 

1.84 

3            

1.82 

4 

1.83 

5             

1.80 

6              

1.74 

7 

1.78 

8           

1.83 

9 

3.35 

10        

2.16 

11                

2.02 

12        

1.84 

13 

3.22 

14        

4.30 

15 

2.46 

16 

2.18 

17      

2.06 

18 

2.04 

19        

1.96 

ao 

1.98 

21  

1.96 

22            

1.90 

23 

3.35 

24            

2.25 

25 

2.06 

26    

2.06 

27 

2.00 

28    

1.96 

29               

1  96 

30    

2.26 

31 

2.11 

1908.  ^ 
1            

1.40 

2 

1.48 

3 

1  44 

4 

1.32 

5 

1.49 

6 - 

1.42 

7     

1.86 

8 

1.69 

9        

1.60 

10 

1.48 

11 

1.66 

12 

1.82 

13 

1.58 

14        

1.52 

15 

1.55 

16 

1.50 

17            

1.49 

18 

1.66 

19        

1.60 

20 

1.55 

21 

1.55 

22       ; 

1.66 

23 

1.72 

31        

1  70 

25 

1.58 

20 

1.55 

27 

1.64 

28 

1.54 

20 

1.51 

30 

1.62 

31 

1.60 

o  Ice  conditions  prevailed  from  about  January  24  to  February  28, 1907. 
ft  Ice  conditions  prevailed  from  about  February  8  to  13, 1908. 
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324  SURFACE  WATEB  SUPPLY,  1907-8. 

Rating  table  for  LiUle  Gunpowder  Falls  near  Belair,  Ud.Jor  imhl908. 


Oaee 
height. 

Feet 

Dis- 
charge. 

1  Oam 
hei^it. 

Dis- 
charge. 

Oase 
helgit. 

Dis- 
charge. 1 

Gage 
hei^it. 

Dis- 
charge. 

8ee.-fU 

Feet 

8ee.-ft. 

Feet 

Sec-ft. 

Feet 

8ee.-ft. 

1.00 

12 

2.10 

119 

3.20 

367 

4.40 

725 

1.10 

15 

;    2.20 

136 

3.30 

394 

4.60 

800 

1.20 

19 

'    2.30 

155 

3.40 

422 

4.80 

880 

1.30 

26 

2.40 

175 

3.50 

450 

5.00 

970 

1.40 

34 

2.50 

196  : 

3.60 

480 

5.20 

1,060 

1.50 

43 

2.60 

216    , 

3.70 

510 

5.40 

1,160 

1.60 

53 

'    2.70 

239 

3.80 

540 

5.60 

1,260 

1.70 

64 

2.80 

263 

3.90 

670 

5.80 

1,370 

1.80 

76 

,    2.90 

288    ' 

4.00 

600    i 

&00 

1,480 

1.90 

89 

3.00 

314 

4.20 

660 

6.20 

1.600 

2.00 

103 

1    3.10 

340 

NoTE.—The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  is  based  on  7 
discharge  mpasurements  made  during  1904-1908  and  is  well  defined  between  gage  lieights  1.4  feet  and  2J 
feet. 

Monthly  discharge  of  Little  Gunpowder  Falls  near  Belair^  Md.^for  1907-8. 
[Drainage  area,  43  square  miles.] 


Month. 


January 

February... 

March 

April 

May 

June 

July 

August 

September. 

Octol)er 

November . . 
December.. 


1907. 


The  year. 


January — 
February . . 

March 

April 

May 

June 

July 

AuRtist 

September. 

October 

November . 
December. . 


1908. 


The  year. 


Discharge  in  second-feet. 


Maximum. 


345 


708 
278 
150 
286 
161 
134 
405 


600 

l.liOO 

337 

100 

256 

167 

206 

462 

92 

351 

64 

84 


1,600 


Minimum. 


25 


13 


Mean. 


101 
6ao 

152 
84.2 
68.2 
77.2 
52.4 
47.9 
76.9  ! 
52.8  ! 

104 

151 


85.6 


134 

299 

113 
76.1 
78.2 
46.2 
43.9 
48.6 
32.3 
48.3 
42.5 
49.3 


76.8 


Per 
square 
mile. 


2.35 
1.40 
3.53 
1.96 
1.59 
1.80 
1.22 
1.11 
1.79 
1.23 
2.42 
3.51 


1.99 


3.12 
4.86 
2.63 
1.77 
1.82 
1.07 
1.02 
1.13 

.751 
1.12 

.968 
1.15 

1.79 


2.n 

1.46 
4.07 
2.19 
1.83 
2.01 
1.41 
1.28 
2.00 
1.412 
2.70 
4.05 


Aocn- 
racy. 


27.13 


3.60 
5.24 
3.03 
1.96 
2.10 
1.19 
1.18 
1.30 
.84 
1.29 
1.10 
1.33 


24.18 


Note.— Estimates  during  frosen  periods  1907-8  based  on  dimatological  reports  and  Interooroparison  of 
data  collected  at  eastern  Maryland  gaging  stations. 

8eoond4eet. 

Discharge  January  24  to  31 ,  1907 58 

February  8  to  13, 1908 100 
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SURFACE  WATER  SUPPLY,  1907-8.  325 

PATAP8CO  RIVER  DRAINAGE  BASIN. 
DESCRIPTION. 

Patapsco' River  is  formed  by  the  junction  of  North  Branch  and 
South  or  Piney  Branch,  near  Marriotts ville,  Md.,  and  flows  in  a 
southeasterly  direction  into  Chesapeake  Bay,  13  miles  south  of  Balti- 
more. Both  branches  rise  in  the  central  part  of  Maryland,  and  the 
whole  basin,  which  has  an  area  of  about  350  square  miles,  Ues  within 
that  State. 

The  drainage  basin  is  hilly  and  largely  imder  cultivation.  It  has 
no  lakes  or  artificial  reservoirs,  and  the  flow  of  the  stream  is  variable. 
The  freshets  do  not,  however,  cause  very  large  rises  of  the  water 
because  of  the  steep  slope  of  the  stream.  The  usual  range  of  stage 
within  a  year  is  about  3  or  4  feet. 

The  bed  is  generally  rock.  The  banks  are  of  rock  and  very  Uttle 
of  the  land  is  subject  to  overflow.  The  Baltimore  and  Ohio  Rail- 
road follows  the  stream  closely  throughout  nearly  its  entire  length. 

The  river  carries  a  small  volume  of  water,  but  as  it  has  considerable 
slope  a  large  number  of  water  powers  have  been  developed  along  its 
course.  These,  though  small,  are  made  valuable  by  their  proximity 
to  Baltimore. 

PATAPSCO   RIVER   AT   WOODSTOCK,  MD. 

This  station  is  located  near  the  railroad  station  at  Woodstock,  Md., 
about  li  miles  below  the  junction  of  North  and  South  branches.  It 
was  estabUshed  August  6,  1896,  and  discontinued  March  31,  1909. 
The  observer  was  paid  by  the  Maryland  state  weather  service  during 
1907  and  1908. 

The  Patapsco  has  no  important  tributaries  below  the  junction  of 
North  and  South  branches.  The  Patapsco  is  one  of  the  oldest  water- 
power  streams  in  the  United  States,  and  much  power  has  been  de- 
veloped in  the  vicinity  of  the  fall  Une.  The  discharge  data  obtained 
on  this  river  are  chiefly  of  value  in  determining  the  regimen  of  flow 
for  the  further  extension  and  development  of  water  power. 

The  datum  of  the  chain  gage  has  remained  the  same  since  the 
establishment  of  the  station.  The  discharge  is  frequently  affected 
by  ice  during  the  winter  period.  Conditions  of  flow  are  relatively 
permanent  although  subject  to  change  at  times  of  extreme  flood.  A 
good  rating  curve  has  been  developed. 
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326  SURFACE   WATER  SUPPLY,  1907-8. 

Daily  gage  height,  in  feet,  of  Pataptco  River  at  Woodstock,  Md.,/or  1907-S, 
[William  Donovan,  observer.] 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
U. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22- 
23. 
24. 
25. 

26., 
27.. 
28.. 
29. 
30. 
31.. 


Day. 


1907.fl 


1908.6 


Jan. 


5.65 

4.55 

4.3 

5.65 

4.75 

4.5 

4.35 

4.4 

4.5 

4.35 

4.25 

4.75 

4.45 

4.6 

4.76 

4.45 
4.4 

4.7 

4.35 

5.4 

6.2 

4.75 

4.45 

4.45 

4.56 

4.4 

4.35 

4.35 

4.4 

4.3 

4.36 


4.0 

4.1 

4.16 

4.2 

4.26 

4.15 

4.15 

4.25 

4.2 

4.15 

4.1 
6.4 
5.2 
4.4 
4.25 

4.15 

4.15 

4.05 

4.1 

4.15 

4.1 

3.95 

4.0 

3.9 

3.9 

4.4 

4.45 

4.55 

4.5 

4.55 

4.45 


Feb. 


4.4 

4.4 

4.25 
4.5 
4.5 

6.0 
7.1 
6.4 
6.4 
6.86 

6.55 
6.25 
.6.4 
6.25 
6.2 

6.1 

4.65 

4.6 

4.5 

4.4 

4.26 
4.35 
4.25 
4.45 
4.4 

4.25 

4.4 

4.26 


6.65 

4.85 

4.45 

4.4 

4.35 

4.25 
4.4 

4.45 
4.6 
4.45 

4.4 

4.55 
6.1 
5.25 
8.0 

6.05 

4.5 

4.35 

4.35 

4.25 

4.3 

4.3 

4.35 

4.3 

4.2 

14.9 
6.55 
4.4 

-4.2 


Mar. 


4.15 

7.7 

4.36 

4.3 

4.26 

4.15 

4.3 

4.2 

4.15 

4.35 

4.26 

4.3 

8.6 

7.26 

6.05 

4.45 

4.85 
4.8 
5.85 
5.36 

4.85 
4.35 
4.36 
4.35 
4.45 

4.2 
4.3 
4.4 

4.35 
4.2 


4.5 

4.65 
4.85 
4.7 
4.7 

6.95 

5.55 

4.5 

4.3 

4.25 

4.15 

4.2 

4.25 

4.15 

4.65 

4.55 

4.55 

4.4 

4.5 

4.65 

4.6 
4.6 
4.65 
4.6 
4.45 

4.55 

4.45 

4.4 

4.55 

4.45 

4.4 


Apr. 


4.35 

4.25 

4.1 

4.25 

4.2 

4.3 
4.4 

4.3 

4.96 

4.7 

4.35 

4.2 

4.16 

4.16 

4.1 

4.2 

4.3 

4.25 

4.15 

4.2 

4.15 

4.1 

5.1 

4.8 
4.5 

4.25 

4.2 

4.2 

4.16 

4.1 


4.65 
4.4 
4.46 
4.4 

4.45 

4.35 

4.45 

4.55 

4.5 

4.4 

4.45 

4.6 

4.45 

4.6 

4.65 

4.55 

4.5 

4.45 

4.3 

4.3 

4.3 
4.3 
4.3 
4.3 
4.3 

4.3 
4.3 
4.4 
4.4 

4.3 


May. 


4.15 
4.05 
4.05 
4.15 
4.2 

4.15 
4.45 
4.6 
4.45 
4.15 

4.1 

4.25 

4.1 

4.2 

4.15 

4.05 

3.95 

4.0 

4.0 

3.95 

3.9 

4.15 

4.05 

4.05 

4.0 

4.25 

4.25 

4.2 

4.15 

4.25 

4.05 


4.26 

4.35 

4.3 

4.3 

4.4 

4.35 

6.1 

4.8 

4.5 

4.35 

4.45 
4.45 
4.45 
4.45 
4.35 

4.35 

4.35 

4.45 

4.3 

4.5 

4.65 

4.8 
4.75 
4.65 
4.5 

4.55 
4.45 
4.45 
4.55 
4.55 
4.55 


June. 


4.16 
6.35 
4.86 
4.46 
4.65 

4.66 

4.25 

4.2 

4.25 

4.3 

4.35 

4.26 

4.2 

4.1 

4.16 

4.36 
4.16 
4.26 
4.36 
4.25 

4.45 

4.4 

4.4 

4.25 
4.1 

4.2 

4.05 

4.26 

4.35 

4.45 


4.6 

4.6 

4.45 

4.65 

4.66 

4.65 
4.65 
4.65 
4.6 
4.5 

4.5 

4.55 

4.55 

4.3 

4.2 

4.3 
4.2 
4.2 
4.1 
4.15 

4.15 

4.05 

4.1 

4.05 

3.95 

4.0 

3.95 

3.9 

3.85 

3.8 


July.  I  Aug. 


4.16 

4.06 

4.15 

4.1 

4.06 

3.96 

6.06 

4.4 

4.2 

4.2 

4.15 
4.45 
4.15 
4.25 
4.1 

4.06 

4.15 

4.25 

4.4 

4.46 

4.3 

4.16 

4.3 

4.26 

4.1 

4.1 

4.1 

4.2 

4.26 

4.15 

4.06 


3.9 

3.85 

3.85 

3.95 

3.95 

4.06 

3.9 

S.85 

3.96 

3.95 

4.0 

3.9 

3.95 

3.85 

3.7 

3.6 
3.55 
3.65 
3.9 
3.9 

3.9 
4.4 
4.6 

4.3 
6.8 

4.4 

4.6 

9.95 

4.65 

4.5 

4.4 


4.1 

4.76 

4.66 

4.3 

4.16 

4.05 

4.16 

4.1 

4.15 

4.15 

4.2 

4.15 

4.1 

4.25 

4.05 

4.16 

4.05 

4.1 

4.2 

4.06 

4.15 

4.2 

4.1 

5.0 

4.2 

4.0 
4.0 
4.1 
4.0 
3.9 
4.0 


4.05 
3.96 
4.15 
4.16 
4.1 

3.96 
6.05 
4.25 
3.96 
4.0 

3.9 

3.9 

3.86 

3.9 

3.9 

3.96 

3.85 

3.8 

3.75 

3.86 

3.75 

3.85 

3.95 

4.0 

3.9 

3.9 

3.85 

3.9 

3.9 

3.9 

3.8 


Sept 


3.85 
3.95 
4.0 
3.85 
3.95 

4.16 

S.95 

3.85 

4.0 

4.0 

3.9 

3.85 

3.95 

4.0 

4.1 

4.05 

3.9 

4.46 

4.05 

4.15 

4.2 

4.1 

5.65 

6.2 

4.25 

4.05 

4.1 

4.15 

6.06 

4.5 


3.85 

3.9 

S.9 

3.8 

4.05 

3.85 
3,75 
3.75 
3.65 
3.65 

3.65 
3.65 
3.86 
3.86 
8.65 

3.66 

3.6 

3.76 

3.65 

3.8 

3.75 

3.7 

3.65 

3.7 

3.6 

3.65 
3.6 
3.96 
4.4 

4.2 


Oct. 


4.1 

3.85  1 

4.05 

4.2 

3.85 

4.35 

3.9 

4.1 

4.0 

4.0   : 

4.05 

3.9 

3.8 

3.75 

3.95 

4.0 

3.96 

4.15 

4.0 

3.95 

3.9 

3.8 

3.95 

4.0 

4.06 

3.95 

4.0 

4.1 

3.95 

4.0 

4.1 

3.95 

3.95 

4.1 

4.0 

3.9 


4.2 

4.16 

4.05 

3.95 

3.9 

4.0 

3.9 

3.85 

3.8 

3.86 

3.8 
3.7 
3.7 
3.8 
3.76 

3.65 

3.66 

3.65 

3.8 

3.66 

3.65 
3.66 
3.66 
3.65 
3.86 

3.8 

3.65 

4.0 

3.85 

3.76 

3.66 


Nov.     D«. 


3.9 

3.85 

3.95 

3.9 

4.1 

4.15 
4.05 
3.95 
4.05 
4.2 

4.1 
4.15  ; 
4.06  I 
4.05  , 
4.25 

4.4 

4.4 

4.15 
4.15 
4.2 

4.1 

4.0 

3.95 

4.05 

4.15 


1 


3.6 

3.65 

3.66 

3.75 

3.7 

3.6 
3.7 
3.6 
3.8 
3.65 

3.6 
8.75 
3.7    ' 
3.7    , 
3.75  1 

3.8 

3.9 

3.8 

4.05 

4.1 

3.95 

3.75 

3.9 

3.65 

3.7 

8,7 

3.75 

3.7 

3.76 

8.76 


a  Conditions  of  flow  prol>ably  afTpcled  by  Ice  conditions  from  al>out  January  24  to  February  28, 1907. 
b  Conditions  of  flow  probably  not  materially  alleet«<i  by  ice  conditions  during  1906. 
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PATAPSCO  RIVER  DRAINAGE  BASIK. 
Rating  table  for  Patapsco  River  at  Woodstock,  Md,,for  1907-S. 


327 


Oase 
hei^t. 

Dl!>. 
charge. 

hS^t. 

Dis- 
charge. 

heiglTt. 

DIs- 
Charge. 

hei^t. 

Dis- 
charge. 

Feet. 

1    Fett. 

aee.-fl. 

Feet. 

8ee.-ft. 

1    Feet. 

aec-fi, 
3,572 

3.50 

4.80 

701 

6.10 

1,887 

1    7.80 

3.60 

96 

4.90 

777 

6.20 

1.966 

aoo 

3,772 

3.70 

124 

5.00 

857 

6.30 

2,085 

8.20 

3,974 

3.80 

150 

5.10 

940 

6.40 

2,184 

a40 

4,176 

3.90 

198 

5.20 

1,026 

6.50 

2,283 

aeo 

4,380 

4.00 

240 

5.30 

1,115 

6.60 

2,382 

8.80 

4,584 

4.10 

285 

5,40 

1,206 

6.70 

2,481 

9.00 

4.788 

4.20 

332 

5.50 

1,300 

6.80 

2,580 

10.00 

5,818 

4.30 

383 

5.60 

1,396 

6.90 

2,679 

11.00 

6,858 

4.40 

438 

5.70 

1,493 

1    7.00 

2,778 

12.00 

7,908 

4.50 

497 

5.80. 

1,591 

.    7.20 

2,976 

13.00 

8,968 

4.60 

561 

I    5.90 

1,689 

7.40 

3,174 

14.00 

10,038 

4.70 

629 

6.00 

1,788 

7.60 

3,372 

15.00 

11,118 

Note. — The  above  table  Is  not  applicable  for  Ice  ot  obetnicted-channel  conditions.  It 
discharge  measorements  made  during  1904-1908  and  is  well  defined  between  |age  heights 
S  feet.    Above  5  feet  the  curve  is  based  on  3  hi^-water  measurements  and  is  airly  well  di 


height  10  feet. 


:  is  based  on  6 

I  3.25  feet  and 

1  defined  to  gage 


Monthly  dischar§e  of  Patapsco  River  at  Woodstock,  Md.,for  1907-8. 
[Drainage  area,  251  square  miles.] 


January.. 
February. 
March.... 
April 


Month. 


1907. 


April 
May 


Discharge  in  seoond-l^t. 


1 
Maximum.    Minimum. 


1,440 


ay.. 
June. 


July. 

August 

September. 
October. . . . 
November. 
December.. 


4,380 
940 
561 

1,160 
898 
857 

1,840 
308 
438 

1,210 


Thejrear.. 


January 

February.. 
March 

^'v;:::: 

June 

July 

August 

September. 
October. . . . 
November. 
December.. 


1908. 


4.380 


2,180 
11,000 

2,730 
561 

1,890 
595 

5,770 
808 
438 
332 
285 
358 


The  year. 


11,000 


308 
285 
198 
262 
219 
198 
179 
142 
179 
219 


142 


Mean. 


559 
300 
.811 
403 
309 
418 
347 
331 
383 
229 
284 
372 


396 


Per 
square 
mile. 


2.23 
1.20 
3.28 
1.61 
1.23 
1.67 
1.38 
1.32 
1.53 
.912 
1.13 
1.48 


.58 


Run-ofI 
(depth  in 
inches  on 

drainage 
area). 


2.57 
1.25 
3.72 
1.80 
1.42 
1.86 
1.59 
1.52 
1.71 
1.05 
1.26 
1.71 


198 
332 
308 
383 
358 
159 
84 
142 
84 
84 
95 
72 


418 
1,160 
607 
447 
528 
387 
488 
234 
157 
165 
144 
156 


407 


1.67 
4.62 
2.38 
1.78 
2.10 
1.54 
1.94 
.932 
.625 
.657 
.574 
.622 


1.64 


21.46 


1.92 
4.98 
2.74 
1.99 
2.42 
1.72 
2.24 
L07 
.70 
.76 
.64 
.72 


21.90 


Accu- 
racy. 


Note.— Discharge  during  the  frozen  period,  January  24  to  Februanr  28,  1907,  estimated  on  the  basis  of 
dimatolcgical  reports  and  intereomparison  of  data  on  discharge  collected  at  eastern  Maryland  stations. 
Discharge  January  24  to  31, 1907,  325  second-feet. 
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POTOMAC  RTTER  DRAINAGE  BASIN. 
DESCRIPTION. 

Potomac  River  is  formed  by  the  junction  of  its  north  and  south 
branches,  about  15  nules  below  Cumberland,  Md.,  from  which  point 
it  flows  in  a  southeasterly  direction  into  Cheaspeake  Bay.  For  its 
entire  length  it  forms  the  southern  boundary  of  the  State  of  Mary- 
land and  the  northern  boundary  for  the  States  of  West  Virginia 
and  Virginia.     It  drains  a  total  area  of  about  14,500  square  mfles. 

North  Branch  of  Potomac  River  rises  in  the  Allegheny  Mountains 
near  the  west  comer  of  Maryland,  and  South  Branch  in  the  AUe- 
ghenies  in  Virginia  and  West  Virginia.  These  branches,  with  their 
tributaries  and  the  tributaries  of  the  main  stream,  as  far  down  as 
the  Shenandoah,  drain  a  series  of  naiYow  and  generally  fertile  valleys 
lying  between  the  parallel  ranges  which  make  up  the  system  of  the 
AUeghenies  in  this  region.  Their  slopes  are  not,  as  a  rule,  very 
great,  and  their  beds  are  of  gravel  and  sand.  The  slopes  of  their 
drainage  basins,  however,  are  usually  very  steep,  and  after  a  rain, 
the  water  collects  quickly  in  the  rivers.  There  are  few  lowlands  to 
be  overflowed,  and  no  lakes  whatever  in  tne  region.  Consequently 
these  streams,  and  with  them  Potomac  River,  are  subject  to  sudden 
and  very  heavy  freshets  in  wet  seasons,  while  in  dry  seasons  their 
discharge  becomes  small. 

The  slopes  of  the  tributary  basin  of  Shenandoah  River  are  in 
many  instances  steep,* but  the  valley  through  which  the  Shenandoah 
flows  is  generally  broader  and  more  lands  are  subject  to  overflow. 
The  slope  of  the  river  itself  if  usually  greater  than  the  slope  of  the 
tributaries  above  mentioned. 

From  the  junction  of  its  north  and  south  branches  below  Cum- 
berland, Md.,  the  Potomac  cuts  through  the  moimtains  at  nearly 
right  angle.  Its  valley  is  narrow,  its  slope  in  many  places  great. 
The  bed  is  generally  gravel  and  bowlders,  with  ledge  rock  at  small 
depth,  which  often  appears  at  the  surface.  The  banks  are  usually 
high  and  are  not  subject  to  overflow.  It  crosses  the  fall  line  a  few 
miles  above  Washington  and  reaches  tide  water  at  Georgetown. 

The  Baltimore  and  Ohio  Railroad  follows  the  river  for  its  entire 
length,  and  the  Shenandoah  Valley  and  the  Cumberland  Valley 
railroads  cross  the  stream.  The  Chesapeake  and  Ohio  Canal  follows 
it  from  Cumberland  to  Georgetown. 

As  a  water-power  stream  the  principal  disadvantage  of  the  Potomac 
is  the  great  variability  of  its  flow.  Good  rock  foundations  for  dams 
can  generally  be  found  at  small  depth,  the  banks  are,  as  a  rule, 
favorable,  and  there  are  several  sites  where  large  falls  could  be 
rendered  available.  A  very  insignificant  amount  of  power  has  been 
developed. 
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The  Great  Falls  of  the  Potomac,  located  about  15  miles  above 
Washington,  offers  one  of  the  best  imdeveloped  power  sites  along 
Potomac  River. 

The  surface-water  resources  of  the  Potomac  River  basin  have 
been  discussed  in  detail  in  Water-Supply  Paper  No.  192. 

Gaging  stations  have  been  maintained  in  this  basin  as  follows: 

North  Branch  of  Potomac  River  at  Piedmont,  W.  Va.  (1899-1906). 

North  Branch  of  Potomac  River  at  Cumberland,  Md.  (1894-1897). 

Potomac  River  at  Great  Cacapon,  W.  Va.  (1894-1896). 

Potomac  River  at  Point  of  Rocks,  Md.  (1895-1908). 

Savage  River  at  Bloomington,  Md.  (1905-6). 

Georges  Creek  at  Westemport,  Md.  (1905-6). 

Wills  Creek  near  Cumberland,  Md.  (1905-6). 

South  Branch  of  Potomac  River  near  Springfield,  W.  Va.  (1894-1896,  1899- 

1906). 
Opequan  Creek  near  Martinsburg,  W.  Va.  (1905-6). 
Tuscarora  Creek  at  Martinsburg,  W.  Va.  (1905). 
Antietam  Creek  near  Sharpsburg,  Md.  (1897-1905). 
South  River  at  Basic  City,  Va.  (1905-6). 
South  River  at  Port  Republic,  Va.  (1895-1899). 
South  Fork  of  Shenandoah  River  near  Front  Royal,  Va.  (189^1906). 
Shenandoah  River  at  Millville,  W.  Va.  (1895-1908). 
North  River  at  Port  Republic,  Va.  (1895-1899). 
Lewis  Creek  near  Staunton,  Va.  (1905-6). 
Cooks  Creek  At  Mount  Crawford,  Va.  (1905-6). 
Elk  Run  at  Elkton,  Va.  (1905-6). 
Hawksbill  Creek  near  Liu^y,  Va.  (1905-6). 
North  Fork  of  Shenandoah  River  near  Riverton,  Va.  (1899-1906). 
Passage  Creek  at  Buckton,  Va.  (1905-6). 
Monocacy  River  near  Frederick,  Md.  (1896-1908). 
Rock  Creek  at  Zoological  Park,  D.  C.  (1897-1900). 
Rock  Creek  at  Lyons  Mill,  D.  C.  (1892-1894). 

POTOMAC  RIVER  AT  POINT  OF  ROCKS,  MD. 

This  station  is  located  at  the  steel  highway  bridge  at  Point  of 
Rocks,  Md.     It  was  established  February  17,  1895. 

The  station  has  been  maintained  to  obtain  general  statistical  and 
comparative  data  regarding  the  flow  of  the  Potomac  River.  In  con- 
junction with  the  station  on  the  Monocacy  River  near  Frederick, 
Md.,  it  is  of  particular  value  for  determining  the  discharge  available 
at  the  undeveloped  power  at  Great  Falls  where  the  Potomac  crosses 
the  fall  line  with  a  fall  of  about  90  feet.  The  drainage  area  above 
these  two  stations  is  about  90  per  cent  of  the  drainage  area  at  Great 
Falls,  hence  the  discharge  from  the  remaining  10  percent  can  be  esti- 
mated and  added  to  the  discharge  at  Point  of  Rocks  plus  that  at 
Frederick  without  any  appreciable  error  in  the  final  resulting  dis- 
charge at  Great  Falls.  It  will,  however,  be  necessary  to  deduct  the 
discharge  of  the  Washington  Acqueduct,  amounting  to  about  101 
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second-feet  per  day.  The  intake  of  the  acqueduct  is  inimediatelj 
above  the  head  of  Great  Falls  on  the  Maryland  side.  The  average 
diversion  for  1907  was  65,910,000  gallons  per  day,  and  for  1908, 
64,360,000  gallons  per  day. 

Catoctin  Creek  enters  Potomac  River  about  one-third  mile  above 
the  station  from  the  Virginia  side.  Monocacy  River  enters  from  the 
Maryland  side  about  6  miles  below  the  station.  The  Chesapeake  and 
Ohio  Canal  parallels  the  Potomac  on  the  Maryland  side.  The  average 
discharge  of  the  canal  approximates  from  75  to  100  second-feet  and 
is  not  included  in  the  discharges  given  in  the  tables  below. 

The  conditions  of  flow  at  this  station  are  practically  permanent. 
The  discharge  is  controlled  by  a  rock  ledge  a  few  hundred  feet  below 
the  station  and  extending  completely  across  the  river  with  the  ex- 
ception of  one  relatively  unimportant  channel.  The  discharge  is 
rarely  effected  by  ice  conditions. 

The  datum  of  the  chain  gage  has  been  maintained  at  a  constant 
elevation  since  September  2,  1902.  Prior  to  tliis  date  the  datum  was 
0.45  foot  higher  than  at  present. 

The  present  rating  curve  is  considered  very  accurate  and  should 
require  relatively  little  change  in  the  futxu-e."  The  observer  at  this 
point  has  been  paid  by  the  Maryland  state  weather  service  during 
1907  and  1908. 

Discharge  measurements  of  Potomac  River  at  Point  of  Rocks y  Md.,  in  1907-8, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

hei^t. 

Di». 
change. 

1«07. 
March  15.    .  . 

R.  H.  Bolster 

FeeL 
1,240 

1.280 
1,200 

21,300 
11,000 

16.95 

16.50 
8.57 

Sec.-fi. 
114,000 

1908. 
January  14 

Bolster  and  Hervihaw 

103.000 

May  26 

FnllanahP*.  and  Walters. ,    .  .                   

43,700 

a  Discharge  data  prior  to  1907  have  been  revised  and  republished  in  Water-Supply  Paper,  U.  8.  Geo- 
logical Survey  No.  1»2. 


Digitized  by  VjOOQ  IC 


POTOBCAO  BIVEB  DBAINAQE  BA8IK. 


331 


Daily  gage  height,  in  feet,  of  Potomac  River  at  Point  of  Rocks,  Md.,for  1907-8. 
(George  H.  Hickman,  obeerver.] 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    Jane.    July.     Aug.     Sept.     Oct.     Nov.     Dec. 


1907. 


1908. 


7.1 
7.9 
7.0 
5.5 
4.6 

4.0 
3.8 
3.5 
3.4 
3.6 

3.7 
3.7 
5.0 
9.5 
10.7 

9.4 
7.5 
6.9 
6.2 
8.5 

12.0 
9.5 
7.0 
6.2 
6.4 

4.4 
4.2 
3.7 
3.3 
3.1 
3.1 


5.0 
4.6 
4.3 
3.8 
3.4 

3.3 
3.0 
2.8 
2.7 
2.5 

2.5 

6.5 
19.7 
19.0 
10.4 

7.6 
6.3 
5.6 
5.1 
4.5 

4.2 
4,0 
4.2 
4.8 
5.2 

5.6 
6.0 
4.6  ' 
4.3  I 
3.9  ! 

3.6  : 


3.0 
2.9 
3.1 
3.0 
2.9 

2.9 

2.8 
2.8 
2.8 
2.8 

3.0 
3.0 
3.0 
3.1 
3.3 

3.4 
3.7 
3.8 
3.9 
3.7 

3.6 
3,4 
3.1 
2.7 
2.6 

2.7 
2.7 
2.9 


3.2 
2.8 
2.5 
2.5 
2.5 

2.6 
2.7 
2.8 
3.0 
3.1 

2.8 
2.7 
2.8 
3.2 
5.7 

18.8 
18.3 
12.4 
9.5 
5.7 

6.0 
4.5 
4.1 
3.8 
3.4 

5.2 
5.9 
5.0 
4.1 


3.1 
3.6 
4.6 
5.3 
5.8 

4.6 
4.4 

4.0 
3.6 
3.6 

3.5 
3.5 
5.1 
13.4 
17.0 

14.1 
8.6 
7.6 
7.2 

10.3 

12.4 
9.2 
7.9 
6.2 

4.8 

4.4 

4.0 
3.7 
3.6 
3.3 
3.1 


3.9 
3.7 
4.7 
8.6 
7.8 

8.0 
9.0 
11.4 
11.0 
12.0 

9.1 
7.9 
7.5 
6.5 
5.8 

5.6 
6.1 
4.7 
4.2 
7.6 

7.4 
5.8 
5.0 
4.4 
4.2 

3.9 
3.4 
3.3 
3.3 
3.2 
3.4 


3.0 
2.8 
2.7 
2.7 
2.6 

2.6 
2.6 
2.7 
3.8 
9.6 

a6 

6.5 
5.4 
5.0 
4.6 

4.0 
3.6 
3.4 
3.3 
3.3 

3.2 
3.2 
3.2 
3.3 
4.0 

6.1 
4.6 
4.1 
3.8 
3.3 


3.4 
4.0 
4.4 
4.1 
3.8 

3.7 
3.6 
3.4 
3.4 
3.7 

3.5 
4.0 
4.5 
3.8 
3.5 

3.2 
2.9 
2.0 
2.9 
2.7 

2.7 
2.7 
2.6 
2.6 
2.6 

2.3 
2.4 
2.4 
2.2 
2.3 


3.2 
3.1 
3.0 
2.9 
2.7 

2.6 
2.6 
2.6 
2.7 
6.06 

7.7 
6.6 
4.8 
4.3 
3.7 

3.6 
3.3 
3.1 
3.0 
2.9 

2.8 
3.0 
2.7 
2.6 
2.6 

2.5 
2.8 
2.9 
2.8 
2.7 
2.6 


2.3 
2.3 
2.4 
2.5 
2.6 

5.8 
8.9 
15.0 
14.7 
8.6 

6.4 
5.6 
4.9 
4.2 
3.9 

3.6 
3.6 
3.7 
4.6 
6.8 

10.9 
11.1 
18.1 
10.1 
8.4 

6.5 
5.5 
6.3 
4.8 
4.4 
4.2 


2.6 
3.2 
14.6 
10.6 
8.7 

6.5 
6.0 
6.1 
5.0 
6.8 

6.6 
6.2 
5.4 
6.2 
6.1 

7.6 
6.6 
6.2 
6.6 
6.1 

4.6 
4.3 
3.6 
3.2 
3.0 

2.9 
2.8 
2.9 
2.8 
2.8 


4.2 
3.8 
3.4 
3.0 
2.8 

3.6 
3.4 
3.0 
2.8 
2.7 

2.7 
2.6 
2.5 
2.4 
2.3 

2.5 
2.4 
2.3 
2.2 
2.2 

2.1 
il 
2.0 
2.0 
2.0 

1.9 
1.9 
1.8 
1.8 
1.7 


2.7 
2.7 
2.6 
2.6 
2.4 

2.2 
2.2 
2.1 
2.0 
1.9 

2.0 
2.6 
2.3 
2.2 
2.0 

1.9 
1.8 
2.0 
2.3 
3.4 

2.9 
2.7 
2.6 
2.2 
2.0 

2.0 
2.1 
2.0 
2.0 
•1.9 
1.8 


L7 
1.8 
2.5 
1.6 
1.7 

1.7 
1.6 
1.6 
1.5 
1.5 

1.4 
1.4 
1.4 
1.3 
1.3 

1.3 
1.3 
1.2 
1.3 
1.3 

1.3 
1.6 
2.0 
1.7 
1.7 

2.1 
2.5 
3.4 
3.4 
3.0 
3.4 


1.7 
1.7 
1.6 
1.6 
1.6 

1.6 
1.4 
1.4 
1.4 
1.6 

1.5 
1.6 
1.7 
1.7 
1.6 

1.6 
1.6 
1.6 
1.6 
1.4 

1.4 
1.4 
1.5 
1.9 
2.0 

2.0 
1.9 
1.8 
1.7 
1.6 
L6 


2.0 
1.8 
1.6 
1.6 
1.4 

1.4 
1.3 
1.3 
1.4 
1.4 

1.3 
1.2 
1.2 
1.2 
1.3 

1.2 

2.25 

1.8 

1.6 

1.5 

1.5 
1.4 
1.3 
1.4 
1.6 

1.8 

2.8 

2.75 

2.4 

2.1 

1.9 


1.5 
1.4 
1.4 
1.3 
2.6 

2.1 
1.9 
1.8 
1.7 
1.6 

1.6 
1.5 
1.5 
1.6 
1.8 

1.9 
1.7 
1.6 
l.( 
2.0 

2.9 
2.3 
2.9 
3.6 
6.1 

4.2 
3.6 
2.9 
2.6 
2.4 


1.7 
1.6 
1.5 
1.6 
1.4 

1.4 
1.3 
1.2 
1.4 
1.3 

1.3 
1.2 
1.2 
1.1 
1.1 

1.1 
1.0 
1.0 
1.0 


.9 
.9 

.8 
.8 
.8 

.8 
.9 
.9 
1.6 
1.7 


2.3 
2.2 
2.2 
2.1 
2.0 

2.0 
1.9 
1.8 
1.7 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 

1.4 
1.4 
1.4 
1.3 
1.3 

1.3 
1.2 
1.2 
1.2 
1.2 

1.1 
1.1 
1.2 
1.2 
1.3 
1.2 


1.6 
1.5 
1.3 
1.3 
1.2 

1.2 
1.1 
1.1 
1.1 
1.2 

1.3 
1.2 
1.2 
1.2 
1.0 

1.0 
1.0 
1.0 
..9 
.9 

1.0 
1.0 
1.0 
1.0 
1.0 

2.2 
2.0 
1.8 
1.7 
1.6 
1.8 


1.2 
1.5 
1.6 
2.5 
2.4 

2.3 
2.3 
2.2 
2.6 
2.5 

2.4 
2.3 
2.2 
2.1 
2.0 

1.9 
1.8 
1.7 
1.8 
2.0 

2.1 
2.2 
2.3 
2.5 
3.8 

6.06 

6.4 

4.6 

4.0 

3.5 


1.9 
1.8 
1.8 
1.7 
1.6 

1.5 
1.4 
1.3 
1.2 
1.2 

1.1 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1. 1 
1.1 
1.1 

1.1 
1.1 
1.2 
1.2 
1.2 

1.2 
1.1 
1.1 
1.1 
1.1 


3.2 
2.0 
2.7 
2.6 
2.4 

2.3 
2.2 
2.1 
2.1 
2.6 

7.0 
7.5 
6.0 
5.2 
4.7 

4.5 
4.3 
4.0 
3.7 
3.3 

3.1 
3.0 
3.0 
4.9 
11.7 

9.0 
6.5 
5.7 
6.0 
6.0 
5.4 


1.0 
1.0 
1.0 
1.0 
.9 


.8 
.9 
1.0 
1.1 

1.1 
1.1 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.1 
1.2 

1.3 
1.3 
1.4 
1.6 
1.4 

1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
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Rating  table  for  Potomac  River  at  Point  of  Roekg,  Md.,  for  190t-1908. 


Dis- 
charge. 

Feet. 

aec.-fl. 

aw 

1,515 

.90 

1,750 

LOO 

2,000 

1.10 

2.260 

1.20 

2.530 

1.30 

2,810 

1.40 

3,100 

1.50 

3,400 

1.60 

3,700 

1.70 

4,010 

1.80 

4,330 

1.90 

4.670 

2.00 

5,020 

2.10 

5,380 

2.20 

5,750 

2.30 

6,130 

Note.— The  above  table  is  not  applicable  for  ice  or  obstmcted-diaiixMl  oonditioos.  It  is  based  on  dis* 
charge  measurements  made  during  1902-1908  and  is  weU  defined  between  gin  heights  1  foot  and  14  feat 
Above  gage  height  10  feet  the  rating  curve  is  a  tangent,  the  diflcfence  being  KSO  aeoofid4eet  per  tenth. 

Monthly  discharge  of  Potomac  River  at  Point  of  Rocki,  Md.,for  1907 S 

[Drainage  area,  9,650  square  miles.] 


Month. 


January 

February... 

March. 

AprU 

May 

June 

July 

August 

September. 

OctoV>er 

NoveTnl)er. 
December. . 


1907. 


January 

Februar>'... 

March 

April 

May 

June 

July 

August 

Sept<»nil>er. 

()cto^>er 

NovenilM»r. 
Detvmljer. . 


Discharge  in  seoond-feet 

Run-off 
(depth  in 
inches  on 
drainage 

area). 

Maxhnnm. 

Minimum. 

Mean. 

Per 
square 
mUe. 

.Accu- 
racy. 

1 

72,200 

9,530 

27.000 

2.80 

X23 

A. 

13,500 

7,330 

9,560 

.991 

1.03 

A. 

114,000 

9.530 

30.500 

3.16    i 

3.64 

A. 

51.600 

6,920 

14,900 

1.54    ! 

1.72 

A. 

37,800 

6,920 

11.100 

1.15    , 

1.33 

A. 

93,800 

7,330 

23.200 

2.40    > 

2.68 

A. 

11,000 

4.330 

6,010 

.03  , 

.72 

A. 

5,020 

3,100 

3,  no 

.384 

.44 

A. 

26,800 

2,810 

6.430 

.666  < 

.74 

\. 

6.130 

2,260 

3,550 

.368 

.42 

A. 

26,500 

2,530 

7,850 

.813  1 

.91 

A. 

69,700 

5,380 

17,800 

1.84    1 

Z12 

A. 

114,000 

2,280 

13,500 

1.39    i 

18.98 

136,000 

6,920 

25.400 

2.63 

3.03 

A. 

1         129,000 

6,920 

24.100 

2.50    ' 

2.70 

A. 

67,200 

10,000 

28,600 

Z96 

3.41 

A. 

16,800 

5,750 

10,200 

1.06     ; 

1.18 

A. 

97,100 

6,130 

32.100 

3.33 

3.84 

A. 

15.200 

4,010 

7,250 

.751 

.84 

A. 

11,000 

2,530 

4,470 

.463 

.53 

A. 

8,180 

2,530 

3,880 

.402 

.46 

A. 

4,010 

1,520 

2,500 

2S9 

.29 

A. 

5,750 

1,750 

2,780 

.288 

.33 

A. 

4,670 

2.000 

2,670 

.277  , 

.31 

A. 

3,400 

1.520 

2,440 

.253  1 

.29 

A. 

The  year. 


136,000 


1,520  j      12,200  = 


1.25 


17.21 


Note.— The  distharRe  of  the  Chesapeake  and  Ohio  Canal  Is  not  included  in  the  above  values  of  discharge. 
The  error  of  the  annual  run-off  per  square  mile  from  this  cause  is  less  than  1  per  cent 
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SHENANDOAH  RIYEB  AT  MILLVILLE,   W.   VA. 

This  station  is  located  at  a  ferry  about  one-fourth  inile  above 
the  Baltimore  and  Ohio  Railroad  station  at  Millville,  W.  Va.  It  was 
established  April  15,  1895,  and  was  discontinued  March  31,  1909. 
The  station  was  also  temporarily  discontinued  April  1  to  June  30, 
1907,  during  which  period  the  discharge  has  been  estimated  from  the 
discharge  of  the  Potomac  at  Point  of  Rocks.  It  is  located  about  4^ 
miles  above  the  junction  of  the  Shenandoah  with  the  Potomac  at 
Harpers  Ferry,  W.  Va. 

No  important  tributaries  enter  the  Shenandoah  between  the  junc- 
tion of  the  South  and  North  forks  of  the  Shenandoah  at  Riverton, 
Va.,  and  Harpers  Ferry,  W.  Va. 

Records  of  discharge  at  this  point  are  of  importance  for  showing  the 
distribution  of  the  flow  of  the  Potomac  above  Harpers  Ferry  when 
used  in  conjimction  with  the  Point  of  Rocks  records.  They  are  of 
value  for  showing  the  regimen  of  flow  of  the  Shenandoah  River 
drainage  and  for  power  purposes. 

Discharge  measurements  were  made  from  a  cable  of  500  feet  span. 
The  tree  which  supported  the  cable  on  the  left  bank  was  blown  down 
in  a  storm  a  short  time  after  the  station  was  discontinued.  The 
datum  of  the  vertical  staff  gage,  which  is  located  about  200  feet  below 
the  cable  on  the  left  bank,  has  remained  constant  since  the  establish- 
ment of  the  station. 

Conditions  of  flow  at  this  station  are  fairly  permanent  and  a  good 
rating  curve  has  been  developed  for  low  and  medium  stages.  It  is 
uncertain  at  high  stages  owing  to  lack  of  discharge  measurements. 
The  banks  overflow  at  high  stages.  Ice  conditions  affect  the  flow  to 
a  greater  or  lesser  extent  during  the  winter  period.* 

The  following  discharge  measurement  was  made  January  15,  1908: 
Width,  520  feet;  area,  4,380  square  feet;  gage  height,  6.93  feet;  dis- 
charge, 18,400  second-feet. 

a  Discharge  data  prior  to  1907  have  been  revised  and  republished  in  Water-Supply  Paper  192. 
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334  SURFACE  WATBB  SUPPLY,  1907-8. 

DaiUf  gagf  height,  in/eet,  of  Shenandoah  River  at  MiUviUe,  W.  Va.Jor  1907^. 
[W.  R.  Nfoswaner,  obtarcr.] 


Psy. 

Jan. 

2.8 

4.1 

3.6 

3.25 

3.0 

2.9 
2.7 
2.5 
2.5 
2.4 

2.4 
2.4 
2.4 
2.85 
3.1 

3.4 
3.4 

3.5 
3.5 
4.5 

5.3 
4.1 
3.55 
'3.2 
3.0 

2.8 
2.7 
2.5 
2.4 
2.4 
2.3 

2.75 

2.7 

2.6 

2.45 

2.35 

2.3 

2.25 

2.25 

2.3 

2.25 

2.2 
3.2 
12.0 
9.7 
6.6 

5.4 
4.6 
4.0 
3.8 
3.5 

3.4 
3.35 
3.3 
3.2 
3.1 

3.0 

2.95 

2.95 

2.9 

2.7 

2.65 

F*. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

8«pt. 

Oct. 

Not. 

Dec. 

1907. 
1 

2.25 

2.1 

2.25 

2.4 

2.4 

2.0 

1.85 

2.0 

2.0 

2.3 

2.3 

2.25 

2.6 

2.4 

2.7 

2.8 
2.8 
2.7 
2.6 
2.5 

Z5 

14 

125 

2.1 

2.1 

2.1 
2.1 
2.2 

2.6 
2.4 
2.2 
2.1 
2.05 

2.0 
2.1 
2.4 
2.4 
2.2 

2.1 

2.2 

2.5 

2.96 

6.5 

10.0 
7.8 
5.7 
4.5 
4.0 

3.7 
3.4 
3.2 
3.0 
2.9 

3.0 
3.7 
3.5 
3.3 

2.3 
2.3 
2.3 
2.8 
2.7 

2.6 
2.5 
2.3 
2.3 
2.25 

2.8 
2.3 
3.1 
3.7 
4.0 

3.8 
3.5 
3.1 
3.0 
3.35 

3.0 
3.0 
19 
17 
15 

14 

13 

125 

12 

10 

10 

3.2 
3.4 
4.0 
4.3 
4.1 

3.9 
4.5 
4.4 
4.2 
4.0 

3.7 
3.5 
3.3 
3.2 
3.0 

185 

175 

17 

17 

18 

175 
17 
17 
16 
15 

14 
135 
14 
13 
125 
13 

10 
10 
12 
10 
1.8 

1.7 
L7 
1.6 
1.6 
1.55 

1.6 

1.6 

1.56 

1.6 

1.4 

1.4 
1.3 
1.6 
1.6 
1.5 

1.6 

10 

1.6 

L46 

1.4 

1.35 

1.3 

1.3 

1.3 

1.3 

1.25 

1.6 
1.6 
10 
1.6 
1.6 

1.6 

1.5 

1.6 

1.65 

1.4 

1.4 
1.3 
1.3 
1.25 
1.2 

1.1 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.1 
1.3 

19 
16 
14 
17 
14 
10 

L2 
1.2 
1.15 
1.15 
1.15 

1.1 

LI 

1.0 

L15 

LI 

L15 
12 
L15 
L25 
L2 

LI 

L25 

LI 

LI 

LI 

L2 

L3 

L3 

L25 

L45 

10 
L56 
L4 
L3 
L2 
L2 

L6 
L4 
L2 
LI 
L15 

1.1 
LI 
1.1 
L4 
1.2 

1.1 
1.2 
1.2 
1.2 
LI 

LO 
LI 
L6 
1.3 
1.2 

LI 
LO 
1.0 
.95 
LO 

13 
4.4 

4.2 
4.0 
3.5 
3.2 

L15 

LO 

LI 

LI 

L« 

13 

L6 
L3 
1.1 
1.0 

L2 
L6 
18 
10 
1.7 

L6 
L3 
LI 
LO 
L2 

L2 
L4 
L4 
3.4 
6.8 

3.9 
19 
15 
13 
12 

15 
L8 
1.65 
L6 
L4 

1.45 

L6 

1.45 

1.4 

1.4 

L35 

1.25 

L15 

1.1 

LOS 

LO 

LO 

.95 

.9 

LO 

.96 

.9 

.86 

.86 

.85 

.9 
.9 
.9 
10 
L9 

115 

fi 

L3 
L2 

L6 

L5 

1.5 

L45 

L4 

1.35 

L3 
L2 

L2 
L2 
1.2 

l\ 

LO 

LO 
LO 
LO 
LO 
LO 
LO 

L6 

L4 

L2 

L15 

L06 

LO 
LO 
LO 
LO 
.9 

LO 

L2 

LI 

L16 

LO 

.95 

.9 

.85 

.8 

.9 

.85 
.85 
.8 
.85 
1.2 

3.6 

16 

12 

12 

1.86 

3.3 

LO 
1.0 
LI 
LI 
L3 

L4 

L3 
L25 
LI 
LOS 

LO 
LO 
L2 
L2 

L2    1 

L2 
L2 
L2 

i.» 

L3 
L5 
10 
3.6 

4.6 
3.8 
3.2 
19 
16 

18 
14 
11 
L9 
L7 

L6 
L55 
L5 
L4 
L3 

L35 

L2 

1.15 

LI 

L2 

L25 
L2 
L2 
L2 
1.15 

L3 
L4 
L5 
L3 
L3 

1.25 
L25 
1.2 
1.2 
1.2 

14 

2 

' 

12 

3 

i 

10 

t:  ::: 

1.9 

5 

1 

1.8 

1 

L75 

7    

1.7 

8 

1.65 

Q 

1 

1.65 

10 

1 

1.8 

11 

1 

4.5 

12 



4.2 

IJ 



3.8 

14.             

:::::::i  :  ::: 

3.4 

15 

3.1 

16 

..  . 

195 

17 

3.0 

18 

2.9 

19 

175 

30      



16 

21 

14 

22 

13 

23      

28 

24 

5.9 

25               

6.8 

26 

5  5 

27 

4.4 

28                      . 

3.5 

»:::::::::::::: 

3.2 

30 

3.0 

31 

18S 

1908. 

1 

2 

3 

4 

5 

6 

7 

8 

13 

14 
145 
145 
14 

135 

13 

13 

126 

115 

10 

10 

1.95 

1.9 

1.85 

1.85 
1.8 
1.8 
1.75 
1.8 

1.75 

1.65 

1.6 

1.6 

1.6 

1.55 

1.55 

1.5 

1.5 

1.5 

1.45 

1.46 

1.45 

1.5 

1.6 

1.8 

175 

4.9 

4.2 

4.0 

3.4 
19 
17 
14 
13 

115 
10 
10 
3.2 
3.3 

4.4 

9.4 
8.5 
7.4 
5.7 

4.7 

4.85 

3.9 

3.4 

3.6 

3.4 

3.2 
18 
16 
13 
3.3 

3.4 
3.3 

19 
16 
16 

155 

16 

135 

12 

11 

14 

4.0 
18 
14 
12 

10 
11 
1.9 
1.9 
1.8 

1.8 
1.75 
1.7 
1.6 
1.5 

L15 

L15 

L2 

1.1 

LOS 

1.1 
1.1 
1.05 

9 

10 

11 

12 

L15 
LI 

LO 
L15 

13 

1.1 

14 

LI 

15 

16 

1.1 

17 

LI 

18 

LOS 

19 

1.0 

20 

1.0 

21 

1.0 

22 

1.0 

23 

LOS 

24            .... 

LO 

26 

1.0 

26 

LO 

27  

LI 

28 

L2 

29 

L2 

30 

L3 

31 

L3 
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Rating  table  for  Shenandoah  River  at  Millville,  W,  Va.,/or  1905-1908. 


hd^t 

DUt 

heigEl 

Dto- 
oharge. 

hS^t. 

Dis- 
charge. 

hS^t 

Dis- 
charge. 

JM. 

Sec-ft. 

Feet. 

SeC'ft. 
2,750 

Feet. 

5,^ 

Feet. 

8ee.-ft. 

aso 

780 

2.20 

3.60 

6.00 

14,240 

.90 

880 

2.30 

2,940 

3.70 

6,100 

6.20 

15,120 

1.00 

960 

2.40 

3,130 

3.80 

6,380 

6.40 

16,000 

1.10 

1,090 

2.50 

3,330 

3.90 

6,670 

6.60 

16,920 

1.20 

1,200 

2.60 

3,530 

4.00 

6,960 

6.80 

17,840 

1.30 

1,320 

2.70 

3,730 

4.20 

7,560 

7.00 

18,800 

1.40 

1,450 

2.80 

3,940 

4.40 

8,200 

8.00 

24,020 

1.60 

1,580 

2.90 

4,150 

4.60 

8,860 

9.00 

30,400 

1.60 

1,720 

3.00 

4,370 

4.80 

9,640 

laoo 

37,500 

1.70 

1,870 

3.10 

4,600 

5.00 

10,260 

11.00 

45.100 

1.80 

2,030 

3.20 

4,840 

6.20 

11,020 

12.00 

63,600 

1.90 

2,200 

3.30 

5,080 

5.40 

11,780 

2.00 

2,380 

3.40 

6,320 

6.60 

12,580 

2.10 

2,560 

3.50 

6,570 

6.M 

13,400 

Note.— The  above  table  is  not  applicable  for  ice  or  obstnicted-channel  conditions.  It  Is  based  on  16 
discharge  measurements  made  during  1895  and  1904-1908.  It  Is  well  defined  between  gage  heights  .4  feet 
and  5.2  feet. 

Monthly  discharge  of  Shenandoah  River  at  Millville,  W.  Va.,for  1907-8. 
(Drainage  area,  3.000  square  miles.] 


Discharge  in  second-feet. 

Run-off 
(depth  In 
toches  on 
drainage 
area). 

Month. 

Maximum. 

M1"1'"U'"- 

Mean. 

Per 
square 
mUe. 

Accu- 
racy, 

1907. 
January ,,-,,,. 

11,400 
3,940 
6,960 

2,940 
2,120 
2,380 

4,710 
2,990 
3,840 
4,600 
3,400 
7,200 
1,700 
1,300 
2.570 
1,300 
2.100 
4,880 

1.57 
.997 
1.28 
1.53 
1.13 
2.40 
.567 
.433 
.857 
.433 
.700 
1.63 

1.81 

1.04 

1.46 

1.71 

1.30 

2.68 

.66 

.50 

.96 

.50 

.78 

1.88 

A. 

P^brufTry.. .  r- . 

A. 

UnffYi , 

A. 

Aprilo 

D. 

i6yo.:::: :.: 

D. 

Junea 

D. 

July   

2,760 
2,750 

17,800 
2,660 
8,860 

17,800 

1,260 
980 
980 
980 
980 

1,800 

A. 

August 

A. 

September 

A. 

October 

A. 

November 

A. 

A. 

The  year 

980 

3,380 

1.13 

15.27 

^ 

1908. 
January 

53,500 
37,500 
8,520 
3,230 
33.200 
6,960 
4,150 
8,200 
3,330 
5,830 
3,940 
1,320 

2,750 

2,380 

2,840 

1,580 

1,520 

1,580 

980 

930 

830 

780 

1,090 

980 

7,560 
6,640 
4,890 
2,290 
7,070 
3.240 
1,740 
2,120 
1,330 
1,530 
1.560 
1,080 

2.62 
2.21 
1.63 
.763 
2,36 
1.08 
.580 
.707 
.443 
,510 
.517 
.360 

2.90 
2.38 
1.88 
.85 
2.72 
1.20 
.67 
.82 
.49 
.59 
.58 
.42 

A. 

Febnuury 

If  iMTh   

A. 
A. 

April 

A. 

ySs,:.,:. 

A. 

June 

A. 

July 

A. 
A. 

Semember 

A. 

October 

A. 

November 

A. 

DfKwmber 

A. 

The  year 

53,500 

780 

3,420 

1.14 

15.50 

a  Mean  monthly  discharge  for  April,  May,  and  June.  1907,  determined  from  discharge  at  Point  of  Rocks, 
using  the  same  rate  of  discharge  per  square  mile. 
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336  SURFACE  WATER  SUPPLY,  1907-8. 

MONOCACY  RIVER   NEAR  FREDERICK,  BO. 

This  station  is  located  at  the  county  bridge  on  the  toll  road  leading 
from  Frederick  to  Mount  Pleasant,  Md.  It  is  about  3i  miles  north- 
east of  Frederick.     It  was  established  August  4,  1896. 

The  station  has  been  maintained  to  obtain  general  statistical  and 
comparative  data  regarding  the  flow  of  Monocacy  River.  It  is  of 
prime  importance  in  that  the  Monocacy  is  the  principal  stream 
between  the  Point  of  Rocks  station  and  Great  Falls.  (See  Potomac 
River  at  Point  of  Rocks,  Md.) 

The  station  is  about  3,000  feet  below  Tuscarora  Creek,  which  enters 
from  the  right,  and  about  2,000  feet  above  Israel  Creek,  which  enters 
from  the  left. 

The  datum  of  the  chain  gage  has  been  maintained  the  same  since 
the  establislmaient  of  the  station.  The  discharge  is  liable  to  be 
aflFected  by  ice  conditions  more  or  less  during  the  winter  months. 
Conditions  of  flow  at  this  station  change  somewhat  from  year  to  year, 
requiring  changes  in  the  rating  curves.* 

The  observer  at  this  station  has  been  paid  by  the  Maryland  state 
weather  service  during  1907  and  1908. 

a  Discharge  data  prior  to  1907  have  been  revised  and  republished  in  Water-Supply  Paper  192. 
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Daily  gage  height^  in  feet  ^  of  Monocacy  River  near  Frederick,  Md.,for  1907-8. 
(Eugene  L.  Derr,  observer.] 


1. 

2 

3*. 

4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14- 
15. 

16. 
17. 
18. 
19 
20. 

21. 
22. 
23. 
24. 
26. 

26. 
27. 
28. 
29. 
30. 
31. 


1.. 
2.. 
3.. 
4.. 

5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
21.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31. 


Day. 


1907. 


1908. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

12.2 

5.7 

4.9 

6.5 

6.2 

7.9 

9.6 

4.5 

4.2 

5.1 

4.8 

5.8 

9.5 

6,6 

6.7 

5.4 

6.15 

10.2 

7.6 

6.4 

4.1 

4.9 

4.8 

6.7 

7.4 

6.3 

13.7 

6.4 

5.1 

8.9 

6.5 

6.3 

4.8 

4.8 

4.3 

5.6 

6.9 

6.4 

10.6 

6.3 

6.1 

6.9 

5.9 

4.9 

4.6 

4.8 

6.4 

6.4 

6.5 

6.8 

9.2 

6.3 

6.1 

6.8 

5.3 

4.6 

4.5 

4.8 

6.6 

5.3 

6.4 

6.8 

9.1 

5.2 

6.0 

6.4 

5.0 

4.6 

4.4 

4.8 

5.5 

5.2 

6.9 

6.8 

8.9 

5.3 

6.0 

5.6 

9.5 

4.6 

4.2 

4.7 

6.3 

6.2 

5.6 

6.7 

6.2 

6.3 

6.2 

5.4 

6.5 

4.6 

4.2 

4.7 

6.2 

6.2 

7.6 

6.4 

7.1 

9.3 

6.1 

5.3 

6.6 

6.2 

4.2 

4.7 

6.2 

6.3 

6.9 

6.9 

6.9 

8.2 

7.9 

5.3 

6.3 

5.5 

4.2 

4.6 

6.4 

16.5 

6.0 

6.8 

6.2 

7.6 

7.2 

7.4 

6.3 

.6.4 

6.0 

4.6 

6.1 

14.5 

6.5 

6.7 

7.4 

&1 

6.6 

6.8 

15.9 

4.9 

6.5 

4.6 

6.9 

10.4 

10.6 

6.4 

12.0 

6.9 

6.6 

6.4 

9.15 

4.6 

4.9 

4.6 

6.6 

7.1 

8.9 

6.4 

17.6 

6.8 

6.4 

6.4 

7.2 

4.4 

4.6 

4.6 

5.2 

9.5 

8.7 

6.3 

11.3 

6.7 

5.3 

6.4 

6.9 

4.3 

4.2 

4.6 

5.2 

11.1 

9.7 

6.3 

10.6 

5,6 

5.3 

5.9 

6.8 

4.3 

4.2 

4.5 

5.1 

9.1 

9.2 

6.5 

9.6 

6.4 

6.2 

6.6 

5.7 

4.2 

4.2 

4.4 

6.1 

8.9 

8.3 

5.7 

12.0 

6.3 

5.2 

6.4 

5.7 

4.3 

6.9 

4.4 

5.1 

7.6 

7.6 

6.6 

10.6 

6.3 

6.2 

5.3 

7.9 

4  2 

5.1 

4.4 

8.5 

7.3 

16.0 

5.5 

9.6 

6.2 

6.2 

5.3 

6.9 

4.2 

5.0 

4.4 

7.9 

0.9 

14.2 

6.4 

9.1 

6.2 

6.1 

9.5 

6.3 

4.2 

5.0 

4.4 

6.5 

6.4 

10.4 

5.3 

8.5 

6.2 

6.1 

6.2 

5.2 

4.3 

4.5 

4.36 

7.4 

6.1 

8.6 

5.3 

7.9 

6.4 

4.9 

5.0 

5.1 

4.3 

11.1 

4.3 

8.1 

13.4 

6.9 

6.3 

7.1 

7.1 

,    4.9 

5.2 

4.9 

ai 

11.9 

4.3 

9.1 

10.2 

6.3 

5.3 

6.6 

7.1 

6.1 

6.0 

4.7 

5.9 

6.9 

4.3 

13.9 

9.3 

6.2 

6.1 

6.2 

6.6 

5.1 

4.9 

4.7 

6.7 

6.4 

4.3 

10.5 

8.5 

5.7 

6.0 

5.9 

5.4 

5.9 

4.7 

4.7 

4.7 

5.5 

4.3 

7.5 

7.9 

6.5 

4.9 

5.8 

5.3 

5.7 

4.7 

4.6 

4.3 

4.9 

4.5 

6.6 

7.1 

5.5 

5.8 

5.2 

6.4 

7.5 

4.6 

4.3 

5.6 

6.6 

6.4 

7.1 

5.5 

5.7 

6.2 

4.9 

10.1 

4.0 

4.2 

5.2 

5.6 

6.1 

7.1 

5.6 

6.6 

4.8 

4.5 

4.2 

4.8 

7.5 

6.9 

5.6 

7.0 

7.4 

4.9 

6.9 

4.4 

4.45 

4.25 

4.45 

4.25 

4.05 

6.5 

5.6 

8.9 

6.3 

4.9 

5.5 

4.4 

4.35 

4.15 

4.  .35 

4.15 

4.05 

6.1 

5.5 

8.6 

6.2 

4.9 

5.4 

4.4 

4.25 

4.15 

4.25 

4.15 

4.05 

6.1 

5.5 

8.7 

5.9 

4.9 

5.3 

4.4 

4.25 

4.05 

4.15 

4.15 

4.05 

6.1 

5.5 

8.5 

5.8 

5.1 

5.2 

4.7 

4.25 

4.0,5 

4.05 

4.05 

4.05 

5.8 

5.5 

12.2 

5.8 

6.7 

5.1 

4.6 

4.25 

4.15 

4.05 

4.a5 

4.05 

5.9 

5.4 

11.6 

5.8 

17.8 

5.1 

4.3 

4.85 

4.15 

4.05 

4.05 

4.15 

9.6 

5.3 

11.5 

5.8 

19.0 

5.1 

4.3 

4.05 

4.15 

4.05 

4.15 

4.35 

9.4 

5.2 

10. 0 

1} 

8.7 

5.1 

4.3 

4.85 

4.15 

4.05 

4.15 

4.35 

9.1 

5.2 

9.6 

7.5 

5.0 

4.3 

4.45 

4.a5 

4.05 

4.15 

4.26 

8.9 

5.1 

8.9 

5.9 

7.1 

4.9 

4.2 

4.45 

4.05 

4.55 

4.0.5 

4.25 

14.9 

5.1 

7.9 

5.7 

0.2 

4.9 

4.2 

4.45 

4.a5 

5.«i5 

4.05 

4.25 

14.8 

5.8 

7.4 

5.0 

6.1 

4.7 

4.2 

4.25 

4.a5 

5.15 

4.a5 

4.25 

10.2 

8.5 

7.1 

5.5 

6.1 

4.6 

4.2 

4.15 

4.05 

6.05 

4. 05 

4.3.5 

7.3 

19.0 

6.9 

5.7 

6.1 

4.6 

4.2 

4.15 

4.05 

4.25 

4.05 

4.36 

6.7 

24.1 

6.7 

5.6 

6.1 

5.5 

4.2 

4.15 

3.95 

4.05 

4.05 

4.35 

6.6 

8.9 

6.5 

5.0 

5.9 

4.9 

4.2 

5.15 

3.95 

4. 05 

4.15 

4.3.5 

6.4 

7.9 

0.2 

5.5 

5.8 

4.8 

4.2 

0.45 

3. 95 

4.05 

4.15 

4.95 

6.3 

6.5 

8.4 

5.5 

9.05 

4.8 

4.2 

5.a5 

3. 95 

4.05 

4.2.5 

5.a5 

6.2 

6.3 

8.2 

5.5 

22.3 

4.7 

4.1 

4.45 

3.95 

4.05 

4.25 

4.85 

6.2 

6.1 

^^5 

5.5 

18.9 

4.0 

4.1 

4.3,') 

3.95 

4.05 

4.25 

4.76 

0.1 

6.0 

0.5 

5.4 

1.^.2 

4.0 

7.2 

4.15 

3.95 

4. 05 

4.2.-1 

4.45 

0.1 

6.9 

0.4 

5.1 

19.6 

4.6 

0.9 

4.15 

3. 95 

4. 05 

4.  '2,5 

4.25 

6.1 

6.8 

0.4 

5.1 

12.5 

4.6 

6.4 

4.15 

3.95 

4.15 

4.25 

4.25 

6.2 

5.7 

5.9 

5.0 

8.7 

4.5 

9.7 

4.15 

3.95 

5.15 

4.25 

4.35 

6.2 

18.4 

5.7 

5.0 

7.0 

4.5 

8.5 

6.45 

3.95 

5.15 

4.25 

4.35 

0.2 

23.5 

5.0 

.5.0 

0.  0 

4.4 

0.5 

a.K'^ 

3. 95 

4.  .S5 

4.2,) 

4.4.5 

5.9 

12.  :> 

5.5 

5.0 

0.3 

4.4 

5.3 

5.05 

3.  9.1 

4.  »i5 

4.25 

4.45 

5.8 

7.1 

0.1 

4.9 

0.  2 

4.4 

4.9 

4..H.1 

0.  45 

4.45 

4.15 

4.  .35 

5.7 

0.4 

4.9 

r..  1 

4.4 

4.7 

4.H5 

5.K5 

4.  .15 

4.15 

4.2.5 

5.0 

7.9 

r,.  0 

4.6 

4.35 

4. '25 

4.15 

Note.    Ice  conditions  prevailed  from  about  Febniary  7  to  11,  1907. 
16254 -IRR  241—10 22 


Digitized  by  VjOOQIC 


338 


SURFACE  WATER  SUPPLY,  1907-8. 


Rating  table  for  Monocaof  River  near  Frederick  ^  Md.^/or  1907-8, 


hei^t 

Dfa. 
charge. 

Feet. 
3.90 

Sec^. 

4.00 

113 

4.10 

138 

4.20 

165 

4.30 

194 

4.40 

225 

4.50 

258 

4.60 

203 

4.70 

330 

4.80 

368 

4.00 

408 

6.00 

450 

6.10 

493 

5.20 

538 

6.30 

584    ' 

SJgSi. 

charge. 

l^S^U 

Dto- 
charge. 

Feel. 

Sec.'ft. 

FeeL 

8ec.-ft. 
1,625 

5.40 

632 

6.90 

5.50 

682 

7.00 

1,705 

5.60 

734 

7.20 

1,875 

5.70 

789 

7.40 

2,045 

5.80 

846 

7.60 

2,220 

5.90 

906 

7.80 

2,400 

6.00 

969 

8.00 

2,580 

6.10 

1,034 

8.20 

2,765 

6.20 

1,102 

8.40 

2,955 

6.30 

1,172 

8.60 

3,146 

6.40 

1,242 

8.80 

3,336 

6.50 

1,315 

9.00 

3,525 

6.60 

1,390 

9.20 

8,715 

6.70 

1,465 

9.40 

3,905 

6.80 

1,545 

9.60 

4,100 

Oase 
hei^it 


Feet. 

9.80 

laoo 

11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
2a  00 


Dis- 
charge. 


Sec-n. 
4,300 
4,500 
5,500 
6,500 
7,550 
8,600 
9,650 
10,700 
11,750 
12,800 
13,850 
14,900 


Note.— The  above  table  is  not  applicable  for  ice  or  obstructed-channel  conditions.  It  Is  based  on  dis- 
cliarge  measurements  made  during  1900-1906,  and  is  fairly  well  defined  between  gage  heights  3.9  feet  and  10 
feet.    Above  gage  height  12  feet  the  rating  curve  is  a  tangent,  the  differenoe  being  105  per  tenth. 

Monthly  discharge  of  Monocacy  River  near  Frederick^  Md.^for  1907-8. 
[Drainage  area,  660  square  miles.] 


Month. 


January 

February... 

March 

April 

May 

June 

July 

August 

September. 

October 

November. . 
December.. 


1907. 


The  year. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1906. 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


9,650 

682 

1,640 

408 

12,400 

406 

3,810 

538 

2,490 

368 

4,700 

330 

10,600 

258 

1,100 

165 

6,400 

138 

1,320 

194 

8,500 

194 

11,200 

.538 

12,400  I 


138 


The  year. 


9,540 

19,200 

6,710 

2,040 

17,300 

906 

4,200 

1,280 

1,280 

762 

180 

472 


734 
493 
682 
408 
406 
225 
138 
152 
102 
126 
126 
126 


19,200  I 


102 


Mean. 


2,680 

814 

3,240 

967 

686 

1,430 

1,430 

375 

831 

330 

1,540 

2,810 


1,430 


2,130 

3,400 

2,470 

811 

3,870 

406 

602 

335 

186 

235 

154 

212 


Per 
square 
mile. 


4.06 
1.23 
4.91 
1.47 
1.04 
2.17 
2.17 

.568 
1.26 

.500 
2.33 
4.26 


2.16 


3.23 
5.15 
3.74 
1.23 
5.86 
.618 
.897 
.506 
.282 
.356 
.233 
.321 


1,240 


1.87 


Run-off 
rdepthfn 
inches  on 
drainage 

area). 


4.68 
1.28 
5.66 
1.64 
1.20 
2.42 
2.50 

.65 
1.41  ' 

.58  , 
2.60 
4.91 


29.53 


3.72 

5.55 

4.31 

1.37 

6.76 

.69 

1.03 

.59 

.31 

.41 

.26 

.37 


25.37 


Accu- 
racy. 


Note.— Discharge  during  the  frozen  period,  February  7  to  11, 1907,  estimated,  958  second-feet. 
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RAPPAHANNOCK  RIVER  DRAINAGE  BASIN. 

RAPPAHANNOCK   RIVER    NEAR    FREDERICKSBURG,    VA. 

Rappahannock  River  rises  on  the  eastern  slope  of  the  Blue  Ridge,  in 
Rappahannock  and  Fauquier  counties,  Va.,  and  takes  a  general  south- 
easterly course  to  Chesapeake  Bay,  into  which  it  discharges  at  a  point 
a.l)out  36  miles  from  Cape  Charles.     The  length  of  its  course  in  a 
straight  Une  is  about  132  miles,  and  its  drainage  area  measures  ap- 
proximately 2,700  square  miles."    It  crosses  the  fall  line,  with  con- 
siderable fall,  at  the  city  of  Fredericksburg;  below  that  point  it  is  a 
sluggish,  tidal,  navigable  stream,  spreading  out  in  places  to  a  width  of 
several  miles.     There  are  no  lakes  in  the  basin,  and  the  flow  of  the 
river  is  exceedingly  variable.     The  bed  is  generally  of  rock,  overlain 
with  gravel  and  sand,  and  the  banks  are  in  most  places  high  enough 
to  confine  the  stream  except  at  high  freshets.     The  slope  of  the  stream 
is  not  uniform,  but  is  broken  by  falls  at  several  places.     At  Freder- 
icksburg the  elevation  of  the  river  above  tide  is  zero;  35i  miles  above 
it  is  252  feet,  showing  a  fall  of  7.1  per  mile.     The  average  annual  rain- 
fall in  this  basin  is  about  42  inches.     The  principal  tributary  is  the 
Rapidan,  which  enters  from  the  right  10  or  12  miles  above  Fredericks- 
burg, and  drains  about  745  square  miles.     No  important  tributary 
enters  between  the  mouth  of  the  Rapidan  and  Fredericksburg. 

*The  gaging  station,  which  was  estabUshed  September  19,  1907,  in 
cooperation  with  the  Fredericksburg  Power  Company,  by  whom  the 
cable  and  equipment  were  furnished,  is  located  about  3^  miles  above 
the  city.  The  records  of  discharge  are  important  in  determining  the 
amoimt  of  power  available  between  the  station  and  Fredericksburg. 
(See  PI.  VI.)  The  station  is  located  at  a  pool  a  few  hundred  feet 
above  a  rocky  control,  and  is  about  IJ  miles  above  the  dam  of  the 
power  company.  The  discharge  is  probably  not  affected  by  back- 
water, as  there  is  considerable  fall  between  the  station  and  the  dam. 
The  original  staff  gage  was  destroyed  February  14,  1908,  and  was 
replaced  on  February  20  by  a  chain  gage  under  the  cable.  The  datum, 
which  is  the  same  for  both  gages,  has  been  maintained  at  a  constant 
elevation. 

The  discharge  is  likely  to  be  affected  by  ice  during  the  winter  period. 
Conditions  of  flow  at  the  station  are  probably  permanent.  At  ex- 
treme low  water  the  current  is  very  sluggish,  and  accurate  discharge 
measurements  are  difficult.  A  good  low-water  rating  curve  has  been 
developed. 

a  Reports  on  the  water  powers  of  the  United  States:  Tenth  Census,  vol.  16,  p.  663.    1885. 
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Discharge  measuremenU  of  Rappahannock  River  near  Fredericksburg,  Fa.,  1907-S, 


Date. 

Uydrograpber. 

Width. 

Area  of 
section. 

be^t. 

Dl». 
charge. 

1W7. 
December  7 

C.C.  Covert 

Feet, 
452 
452 

455 
455 
450 

3,010 

2,050 
1,010 
1,770 

FeeL 
1.78 
1.76 

3.0g 
1.57 
1.10 

Sec-fU 
1,110 
1,060 

5,060 

December  0.... 

do .*. 

1006. 
February  20 . . . 

A.  H.  Horton 

April  20 

July  16 

FollfUuibeA  4^nd  Barrows 

813 

R.  H.  Bototer 

437 

Daily  gage  height,  infect,  of  Rappahannock  River  near  Fredericksbxirg,  Va.,for  1907-S. 

[J.  W.  Franklin,  obsenrer.] 


Day. 

1907. 
1 

Sept. 

Oct. 

1.98 
1.82 
1.70 
1.68 
1.65 

1.65 
1.62 
1.55 
1.60 
1.52 

Nov. 
1.25 

2 

1.25 

3 

3.28 

4 

2.50 

5 

1.78 

6 

1.65 

7 

1.82 

8 

2.05 

9 

1.72 

10 

1.78 

Dec. 

2.10 
2.10 
2.00 
1.90 
1.90 

1.75 
1.75 
1.75 
1.75 
2.98 

Day. 

1007. 
11 

Sept. 

Oct. 

Nov. 

Dec 

Day. 

Sept. 

1.48 
1.48 
1.45 
1.40 
1.40 

1.35 
1.35 

2.28 
1.05 
1.75 
1.68 
1.60 

1.55 
l.Vi 

5.30 
4.00 
3.10 
3.25  , 
4.72 

3.0. 
3.15 
2.02 
2.80 
2.55 

1907. 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

1  31 

1.22 
1.22 
2.22 

12 

13 

14 

8.85 

15 

3.30 

2.65 
2.28 
2.10 
2.45 
2.38 

,« 

' 

17 

18 

19 

20 

1 

1.22" 
1.20 

1.35  !  1.58 
1.35  j  2.35 
1.30  '  2.38 

i 

Oct.  ,  Nov.    Dec, 


1.25 
1.2R 
1.25 
1.25 
1.25 

1.22 
1.20 
1.30 
1.58 
1.42 
1.30 


2.22 
2.20 
2.25 
5.50 
5.35 

3.52 
2.05 
2.62 
2.42 
2.30 


2.40 
2.30 
3.08 
5.75 
3.80 

3.20 
3.00 
3.00 
2.68 
2.80 
3.18 


Day. 


1.. 
2.. 
3. 
4. 
5. 

6., 
7.. 
8.. 
9. 
10., 

11. 

12.. 
13.. 
14.. 
15. 

16., 
17. 
18., 
19- 
20., 

21. 
22., 
23. 
24. 
25. 

26.. 
27. 
28. 
29. 
.30. 
31. 


3.05 
2.48 
2.38 
2.32 
2.30 

2.25 

2.6 

6.6 

3.88 
2.65 

3.85 

8.5 

8.8 
4.82 
3.9     I 

3.62  I 
3.25  I 
3.0 

2.8 


Feb. 


2.1 
2.2 
2.1 
2.1 
2.6 

3.0 

2.3 

2.95 

2.7 

2.6 

2.6 

2.  HS 
3.38 


2.7 

2.0 

2.55 

2.5 

2.4 

2.4 

2  15 

2.52 
2-62  I 
2. '22 
2.2     I 
2,2    I 


3.95 

3.75 
3.05 
3.0 
2.82 
2.6 

3.9 
5.9 
4.0 
3.45 


Z.2 
3.3 

ao5 

2.9 
2.7 

4.2 
13 

ao 

3.1 

a  15 

3.3 

2.85 
2.8 
2.62 
2.4 

2.48 

2.4 

2.5 

2.5 

2.4 


Apr.     May.    June.    July.     Aug.     Sept. 


2.7 

2.55 

2.5 

2.25 

2.18 

2.2 

2  1 

2.1 

2.a5 

2.2 

2.22 

2.0 

2.12 

1.9 

1.95 

1.9 

1.75 

1.8.5 

1.95 

2.0 

2.2 

1.9 

2.2 

1.8 

2.3,5 

1.8 

2.45  ' 

1.6 

2.42  1 

1.6 

I 
2.3    I 

1.6 

2.12  1 

1.48 

2.15  1 

1.4 

2.2    1 

1.3 

2.25 

1.3 

2.35 

1.35 
1.25 
1,65 
1.55 
1.55 

1.65 
2.55 
3.38 
3.35 
2.15 

2.1 

2.05 
1.95 

1.88 
1.78 

1.75 
1.7 
1.65 
1  65 

3.8 

4.76 
83 

4.85 
3.45 
3.2 

3.0 

2.8 

2.55 

2.45 

2.4 

2.95 


3.35 

2.85 
2.35 
2.8 
3.05 

2,65 
2.35 
2.25 
2.15 
1.05 

2.3 

2.25 

2.05 

1.95 

1.85 

a85 
3.45 
2.75 
2.75 
2.55 

2.3 

2.05 

1.96 

2.16 

1.8 

1.75 

1.7 

1.6 

1.5 

1.36 


2.1 

2.3 

2.5 

2.45 

2.45 

2.35 

2.25 

2.1 

1.62 

1.45 

1.35 

1.3 

1.25 

1.15 

1.1 

1.05 
1.0 
.9 
1.1 
1.1 

1.0 
.9 
1.6 
2.2 
2.1 

2.75 

3.05 

3.05 

2.56 

2.2 

2.1 


2.15 

1.85 

1.72 

1.6 

1.5 

1.4 

1.3 

1.3 

1.45 

1.42 

1.5 

1.35 

1.3 

1.3 

1.2 

L18 

1.1 

2.8 

2.3 

L6 

1.36 

1.25 

1.3 

1.35 

1.25 

8.3 
5.3 
4.4 
2.3 
2.1 
2.0 


1.8 

1.72 

1.6 

1.55 

1.5 

7.1 
3.2 
2.3 
2.0 
1.9 

1.7 

1.7 

1.53 

1.42 

1.45 

1.3 

1.35 

1.3 

1.3 

1.25 

1,3 

1,46 

1.5 

1.5 

1,45 

1.4 

1.35 

1.4 

5.0 

2.85 


Oct 


2.22 
2.15 
2.0 
1.0 

1.8 

L62 

1.7 

1,6 

1.52 

1.65 

1.78 

2.6 

2.06 

1,85 

1,8 

1,65 

1.6 

1,6 

1.55 

1.6 

1.55 

1.5 

L42 

1.4 

3.7 

2.75 

2.55 

2.25 

2,38 

4.2 

2.85 


Nov, 


D«. 


2.55 

2.25 

2.1 

2.2 

2.1 

1.0 
1.0 
1.8 
1.7 
L75 

L7 

1.68 

1.85 

L8 

1.75 

2.0 
2.1 
LO 
1,0 
1.85 

L7    i 
1.75  ! 
1.7 
1.55' 
L6 

1.55, 
1.5 
1.6 
1.53 

1,45 


i 


1.5 
1.55 
1.4 
1.5 
1.5 

1.44 
1.83 
1,66 
1.5 
L55 

1.6 

3.05 

2.72 

2.0 

1.78 

1.78 

1.75 

1.6 

1.7 

L65 

1.5 

1.55 

1.56 

L4 

1.75 

1.85 

1.8 

1.05 

115 

2.23 

3.28 


Digitized  by  VjOOQIC 


U.  8.  GEOLOGICAL  SURVEY  WATER-SUPPLY  PAPER  241      PLATE  VI 


POWER  DEVELOPMENT  ON  RAPPAHANNOCK  RIVER  NEAR  FREDERICKSBURG,  VA. 


Digitized  by  VjOOQIC 
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Discharge  measurements  of  Rappahannock  River  near  Fredericksburg ^  Fa.,  1907-S. 


Date. 

Hydrograpber. 

Width. 

Area  of 
section. 

he^t. 

Dis- 
charge. 

1W7. 
l>eocmber  7 

C.  C.  Covert 

Feet, 
452 
452 

455 
455 
450 

2,010 

2,950 
1,910 
1,770 

FeeL 

1.78 
1.75 

3.98 
1.57 
1.19 

Sec-ft. 

1,110 

December  9.. 

do 

1  060 

1908. 
February  20 . . . 

A.  H.  Horton 

5,000 

April  29 

JiUy  16 

FollMUibee  4^nd  BarrowK. ...... 

813 

R.  H.  Bolster 

437 

Daily  gage  height,  in  feet ,  of  Rappahannock  River  near  Fredericksburg,  Va.,for  1907~8. 

(J.  W.  Franlclln,  observer.] 


Dsy. 

1907. 
1 

Sept 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Oct.    Nov. 


1.98 
1.82 
1.70 
1.68 
1.65 

1.65 
1.62 
1.55 
1.60 
1.52 


1.25 
1.26 
3.28 
2.50 
1.78 

1.65 
1.82 
2.05 
1.72 
1.78 


Dec. 


2.10 
2.10 
2.00 
1.90 
1.90 

1.75 
1.75 
1.75 
1.75 
2.98 


Day. 


1907. 
11 

12.... 
13.... 
14.... 
15.... 


16. 
17. 
18. 
19. 
20. 


Sept 


1.48 
1.48 
1.45 
1.40 
1.40 

1.35 
1.35 
1.35 
1.35 
1.30 


Nov. 


2.28 
1.95 
1.75 
1.08 
1.60 

1.55 
1.55 
1.58 
2.35 
2. 38 


Dec 


5.30 
4.00 
3.10 
3.25 
4.72 

3.02 
3.15 
2.92 
2.80 
2.65 


Day. 


1907. 


21 

1.22 

22 

1.22 

23 

2.22 

24 

8.86 

25 

3.30 

26 

2.65 

27 

2.28 

28 

2.10 

29 

2.45 

30 

2.38 

31 

Sept. 


Oct. 


Nov. '  Dec, 


1.25 
1.2» 
1.26 
1.25 
1.25 

1.22 
1.20 
1.30 
1.58 
1.42 
1.30 


2.22 
2.20 
2.25 
5.50 
5.35 

3.52 
2.95 
2.62 
2.42 
2.30 


2.40 
2.30 
3.96 
5.7S 
3.80 

3.20 
3.00 
3.00 
2.68 
2.80 
3.18 


Day. 


1908. 

1 

2 

3 

4 

5 

6 

7 

8 , 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan.      Feb.     Mar. 


3.05 
2.48 
2.38 
2.32 
2.30 

2,25 

Z6 

a6 

3.88 
2,65 

3.85 

as 
as 

4.82 
3.9 

3.52 
3.25 
3.0 

2.8 
2.7 

2.0 

2.55 

2.5 

2.4 

2.4 

2.15 

2.  52 

2.02 

2.22 

2.2 

2.2 


2.1 
2.2 
2.1 
2.1 
2.6 

3.0 

2.3 

2.95 

2.7 

2.6 

2.6 

2.88 

3.38 


3,95 

3.75 
3.05 
3.0 

2.82 
2.6 

3.9 
5.9 
4.0 
3.45 


3.2 
3.3 

ao5 

2.9 
2.7 

4.2 
4.3 
3.6 
3.1 
a  15 

a3 

2,85 
2.8 
2.62 
2.4 


Apr. 


2.7 

2.55 

2.5 

2.25 

2.18 

2.2 
2  1 
2.1 
2.05 
2.2 

2.22 

iO 

2.12 

1.9 

1.95 


2.48 

1.9 

2.4 

1.75 

2.5 

1.85 

2.5 

1.95 

2.4 

2.0 

2.2 

1.9 

22 

1.8 

2,35 

1.8 

2.45 

1.6 

2.42 

1.6 

2.3 

1.6 

2,12 

1.48 

2.15 

1.4 

2.2 

1.3 

2.25 

1.3 

2.35 

May. 


1.35 
1.26 
1.65 
1.55 
1.65 

1.65 
2.55 
3.38 
3.35 
2.15 

2.1 

2.05 

1.95 

1.88 
1.78 

1.75 

1.7 

1.65 

1.05 

3.8 

4.75 
a3 

4.85 
3.45 

a2 

3.0 

2.8 

2.55 

2.45 

2.4 

2.95 


June. 


3.35 

2.85 
2.35 
2.8 
3.95 

2.65 
2.35 
2.25 
2.15 
1.95 

2.3 

2.25 

2.06 

1.95 

1.85 

3.85 
a  46 
2.76 
2.75 
2.56 

2.3 
2.05 
1.95 
2.15 

1.8 

1.75 
1.7 
1.6 
1.5 
1.35 


July. 


2.1 

2.3 

2.5 

2.45 

2.45 

2.35 

2.25 

2.1 

1.62 

1.45 

1.35 

1.3 

1.25 

1.15 

1.1 

1.05 
1.0 
.9 
LI 
1,1 

1.0 
.9 
1.6 
2.2 
2.1 

2.75 

ao5 

a06 
2.65 
2.2 
2.1 


Aug. 


2.16 

1.85 

1.72 

1.6 

1.5 

1.4 

1.3 

1.3 

1.45 

1.42 

1.6 

1.35 

1.3 

1.3 

1.2 

1.18 

1.1 

2.8 

2.3 

1.6 

1.36 

1.25 

1.3 

1.36 

1.26 

8.3 
5.3 
4.4 
2.3 
2.1 
2.0 


Sept 


1.8 

1.72 

1.6 

1.55 

1.5 

7.1 

a2 

2.3 
2.0 

1.9 

1.7 

1.7 

1.53 

1.43 

1.45 

L3 

1.35 

1.3 

1.3 

1.25 

1.3 

1.45 

1.6 

1.5 

1.45 

1.4 

1.35 

1.4 

5.0 

2.85 


Oct 


2.22 

2.16 

2.0 

1.9 

1.8 

1.62 

1.7 

1.6 

L52 

1.65 

L78 

2.6 

2.05 

1.85 

1.8 

1.65 

1.6 

1.6 

1.65 

L6 

1.55 
1.5 
1.42 
1.4 

a7 

2.75 

2.55 

2.25 

2.38 

4.2 

2.85 


Nov.  I   D«. 


2.55 

2.25 

2.1 

2.2 

2.1 

1.9 
1.9 
1.8 
1.7 
1.76 

1.7 

1.68 

1.85 

L8 

1.75 

2.0 
2.1 
1.9 
1.9 
L85 

1.7    , 

1.75! 

1.7 

1.55 

L6 

1.65J 
1.6 

1.6  ; 
1.52' 
1.45  > 


L6 

1.55 

L4 

1.5 

L5 

1.44 
1.82 

1.68 
1.5 
L55 

1.6 

ao5 

2.73 
2.0 

L78 

1.78 

1.75 

1.6 

1.7 

L65 

1.5 

1.55 

1.5S 

1.4 

1.75 

1.85 
1.8 
1.95 
215 
122 
a28 
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Rating  table  for  Rappahannock  River  near  Fredericksburg^  Va.yfor  1907-8. 


hel^t. 

Difl. 
charge. 

A 

DI». 
charge. 

Gage 
height 

Dis- 
charge. 

Gage 
heighL 

Dis- 
charge. 

Feet. 

1 
See.  feet. 

Feet. 

Sec.  feet. 

Feet. 

See.  feet. 

Feet. 

See.  feet. 

a9o 

286 

2.20 

1,660 

3.50 

4,000 

5.60 

9,500 

1.00 

340 

2.30 

1,810 

3.60 

4,210 

5.80 

10,120 

1.10 

400 

2.40 

1,965 

3.70 

4,425 

6.00 

10,760 

1.20 

470 

2.50 

2,125 

3.80 

4,645 

6.20 

11,390 

1.30 

550 

2.60 

2,290 

3.90 

4,870 

6.40 

12,050 

1.40 

645    1 

2.70 

2,460 

4.00 

6,100 

a60 

12,720 

1.50 

750 

2.80 

2,635 

4.20 

5,580 

6.80 

13,400 

1.60 

866    , 

2.90 

2,815 

4.40 

6,090 

7.00 

14,100 

1.70 

085    1 

3.00 

3,000 

4.60 

6,620 

8.00 

17,800 

1.80 

1,110 

3.10 

3,190 

4.80 

7,170 

9.00 

21,850 

1.90 

1,240 

3.20 

3,385 

5.00 

7,730 

2.00 

1,375    1 

3.30 

3,585 

6.20 

8,310 

2.10 

1,615 

1 

3.40 

3,790 

5.40 

8,900 

1 

NoTK. — The  above  table  Is  not  applicable  (or  Ice  <»'  obstructed-channel  conditions.  It  Is  based  on  5 
discharge  measurements  made  during  1907-8  and  1  made  In  1909.  It  is  well  defined  between  gage  heights 
1.2  feet  and  4  feet. 

Monthly  discharge  of  Rappahannock  River  near  Fredericksburg^  Va.,for  1907-8. 

[Drainage  area,  1,500  square  miles.] 


Month. 


1907. 

September  19  to  30 

October 

November 

December 

1908. 

January 

Februfupy 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


21,200 
1,360 
9,200 
9,960 


Minimum. 


470 

470 

510 

1,050 


21,000 
20,000 
5,830 
2,460 
19,000 
4,980 
3,100 
19,000 
14,400 
5,580 
2,210 
3,540 


21,000 


1,380 
1,520 
1,540 
560 
610 
698 
285 
400 
610 
645 


285 


Mean. 


3,170 

711 

2,060 

3,160 


Per 
square 
mile. 


1.99 
.447 
1.30 
1.99 


4,150 
4,780 
2,590 
1,330 
2,780 
1,990 
1,270 
1,900 
1,650 
1,610 
1,160 
1,170 


2,190 


2.61 
3.01 
1.63 
.836 
1.75 
1.25 
.799 
1.19 
1.04 
.950 
.730 
.736 


1.38 


Run-off 

(depth  in 

incnes  on 

drainage 

area). 


0.89 
.52 
1.45 
2.29 


Accu- 
racy. 


3.01 
3.25 
1.88 

.93 
2.02 
1.40 

.92 
1.37 
1.16 
1.10 

.81 

.85 


18.70 


Note.— The  discharge  February  14  to  19,  1908,  was  estimated  10,700  second-feet  on  the  basis  of  a  com- 
parison of  discharge  of  Potomac,  James,  and  Rappahannock  rivers. 

SUMMARIES    OF   DISCHARGE   PER    SQUARE   MIIjE. 

The  following  tables  of  summaries  of  discharge  per  square  mile  are 
given  to  allow  of  ready  comparison  of  relative  rates  of  run-off  from 
different  areas  in  the  North  Atlantic  coast  drainages. 

They  show  in  a  general  way  the  seasonal  distribution  of  run-off 
and  the  effect  of  snow,  ground,  surface,  and  artificial  storage.  But 
the  most  important  fact  worth  noting  is  the  almost  entire  lack  of  uni- 
formity or  agreement  between  any  two  stations.  It  indicates  that  the 
discharge  of  each  stream  is  a  law  unto  itself,  and  that  all  projects 
dependent  upon  stream  flow,  if  they  are  to  be  developed  along  the 
safest  and  most  economical  lines,  must  be  based  on  records  of  stream 
flow  collected  with  great  care  over  a  long  series  of  years  as  near  the 
location  of  the  project  under  consideration  as  possible. 
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^ 

39          ?SSc!SS;S3S5^ 

r 

1.61 

2.33 
1.58 
1.23 
2.21 
1.95 
1.91 

1.55 
1.67 
1.58 
1.73 
1.55 
1.67 

L28 
1.50 
1.26 
1.38 

i 

S25          SSS955SSS  :?J 
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A.  Page. 

Accuracy,  degree  of 25-26 

Aeknowledgmente  to  those  aiding 27-28 

Acre-foot,  definition  of 13 

Adams, C.  R.,workof 28 

Ammonoosuc  River  at— 
Bretton  Woods,  N.  H.: 

description 154 

discharge,  monthly IjSs 

gage  heights 154 

rating  table 166 

Androscoggin  River  at— 
Dixfleld,  Me.: 

description 112 

discharge,  monthly 114,342 

gageheights 113 

rating  table 114 

Rumford  Falls,  Me.: 

description 110 

discharge,  daily Ill 

discharge,  monthly 112,342 

Shelbume,  N.  H.: 

description 108-109 

discharge,  monthly 110,342 

gageheights 109 

rating  table 109 

Androscogghi  River  basin,  description....  107-108 

miscellaneous  measurements 115 

river  surveys 108 

stream  flow 108-1 15 

Appropriations,  amount  of 7 

Aroostook  River,  curves  for,  figures  showing.       22 
Aroostook  River  at— 
Fort  Fairfield,  Me.: 

description 36-37 

discharge 37 

discharge,  monthly 39,342 

gageheights 38 

rating  table 39 

Ashuelot  River  at — 
Hinsdale,  N.  H.r 

description 156-157 

discharge 157 

discharge,  monthly 159,343 

gageheights 157-158 

rating  table 159 

Authority  for  investigations,  recital  of 7 

B. 
Bangor,  Me., 

Kenduskeag  Stream  near- 
description  67-68 

discharge 68 

gage  heights 08 

Barrows.  A.  T,,  work  of 29 

Barrows,  H.  K.,  work  In  charge  of 28. 29 


BattenkiU  River  at—  Page. 

Battenvllle,  N.  Y.: 

description 204 

discharge 204 

gage  height^ 206 

Battenvllle,  N.  Y., 
BattenkiU  River  at: 

description 204 

discharge 204 

gageheights 206 

Belalr,Md., 

Little  Gunpowder  Falls  near: 

description 322 

dischsjge 322 

discharge,  monthly 324,344 

gage  heights 323 

rating  table 324 

Bethlehem,  Pa., 
Lehigh  River  at: 

discharge 277 

Monocacy  Creek  at: 

discharge 277 

Bingham,  Me., 

Kennebec  River  at: 

description 85 

discharge 86 

discharge,  monthly 87,342 

gage  heights 86 

rating  table : 87 

Bingham  ton,  N.  Y., 
Chenango  River  at: 

desert  ption 298-299 

discharge 299 

discharge,  monthly 301,344 

gage  heights 300 

rating  table 301 

Susquehanna  River  at: 

description 282 

discharge 282 

discharge,  monthly 284,344 

gage  heights 283 

rathig  table 284 

Bland  ford,  Mass., 

Westfield  Little  River  near: 

descri  ptIon 163-164 

discharge 164 

discharge,  daily 167 

discharge,  monthly 168,343 

gage  heights 165-166 

rating  table 166 

Bloomsburg,  N.  J., 

Musconetcong  River  near: 

description 267 

discharge,  monthly 268 

gage  heights 267 

rating  table 268 
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Bolster,  R.  H.,  work  of 28,29 

Boundbrook,  N.  J., 
Raritan  River  at: 

description 243 

discharge 243 

discbarge,  monthly 245,343 

gage  heights 244 

rating  table 245 

Brett,  O.  M.,workof 28 

Bretton  Woods,  N.  H., 
Ammonoosuc  River  at: 

description 164 

discharge,  monthly 155 

gage  heights 164 

rating  toble 155 

Bristol,  N.H.,  falls  at,  view  of. 126 

Broad  Creek  at— 
MiUQreen,Md.: 

description 314 

discharge 314 

discharge,  monthly 316,344 

gage  heights 314-^15 

rating  table 315 

Burgoyne,  N.  Y., 
Fish  Creek  at: 

description 205 

discharge 205 

discharge,  monthly 206,343 

gage  heights 206 

rating  table 206 

Bumharo ,  Me. , 

Sebasticook  River  at: 

discharge 106 

Busklrk,N.Y., 
Hoosic  River  at: 

description 207 

discharge 207 

discharge,  monthly 209,343 

gage  heights 208 

rating  table 209 

Butterfield,  A.  D.,  work  of 28 

C. 

CArrabassett  River  near - 
North  Anson,  Me.: 

description 97-98 

dischafKe,  monthly 96, 342 

gage  heights 98 

rating  table 96 

Catsklll  Creek  at— 
South  Cairo,  N.  Y.: 

description 226 

gage  heights 227 

Center  Conway,  N.  H., 
Saco  River  near: 

description 119-120 

discharge 120 

discharge,  monthly 122, 342 

gage  heights 120-121 

rating  table 121 

Champlain  Canal,  N.  Y.: 

descript  Ion 185-186 

discharge 180-187 

Chatham,  N.  J., 

Tassaic  River  near: 

description 237 

discharge 238 

discharge,  nionl  hly 240,343 


Page. 

Chatham,  N.  J.— Continued. 
Passaic  River  near— Continued. 

gage  heights 238-239 

rating  table 230 

Chemung  River  at— 
Chemung,  N.  Y.: 

description 302-303 

discharge 303 

discharge,  monthly 306,344 

gage  heights 304 

raUng  tables 305 

Chemung  River  basin,  description 302 

stream  flow 30(^^306 

Chenango  River  at  or  near— 
Bingbamton,  N.  Y.: 

description 296-299 

discharge 299 

discharge,  monthly 301,344 

gage  heights 300 

rating  table 301 

Oieene,  N.  Y.: 

description 296 

discharge 298 

gage  heights 298 

Chen&ngo  River  basin,  description 297-296 

stream  flow 296-301 

ChurchviUe,Md., 
Deer  Creek  near: 

description 316 

discharge,  monthly 318,344 

gage  heights 317 

rating  table 318 

Clinton,  Mass., 

Nashua  River  (South  Branch)  at: 

description 140-141 

discharge,  monthly 141,342 

rainfall,  monthly 141 

Cobbooseeoontee  Stream  at— 
Gardiner,  Me.: 

descripUon 103-104 

discharge,  dally 104-105 

discharge,  monthly 106,342 

Cochituate,  Mass., 
Lake  Cochituate  at: 

description 142 

discharge,  monthly 14^-144,342 

rainfaU,  monthly 143-144 

CoUlersvUle,  N.  Y., 

Susquehanna  River  at: 

description 27^^280 

discharge 280 

discharge,  dally 281 

discharge,  monthly 281 

gage  heights 280 

rating  table 280 

Columbia,  N.  J., 
Paulins  KlU  at: 

descriptton 265-266 

discharge,  daily 266 

discharge,  monthly 266,343 

gage  heights 266 

C/onnecticut  River  at— 
Hartford,  Conn.: 

description 151 

gage  heights 152 

Sunderland,  Mass.: 

description 148 

dischtfge 148 
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Connecticut  River  at— Continued.  Page. 

Sunderland,  Mass.— Continued. 

discharge,  monthly 150,342 

gage  heights 149 

rating  toble 150 

Ortord,  N.  H.: 

description 146 

discharge 147 

gage  heights 147-148 

Connecticut  River  basin,  description 144-146 

stream  flow 146-168 

C-ontoocock  River  at— 

West  Hopkinton,  N.  H.: 

descrlptton 139 

discharge,  monthly 140,342 

gage  heights 140 

rating  table 140 

Cooperation,  credit  for 27-28 

Corinth,  N.  Y., 

Hudson  River  at  and  near: 

discharge 236 

Covert,  C.  C,  work  of 28,29 

Current  meters,  description  of 19-20 

use  of 18,20-21 

views  of 20 

Current-meter  stations,  views  of 18 

D. 
Danville,  Ta., 

Susquehanna  River  at: 

description 289 

discharge 289 

discharge,  monthly 291,344 

gage  heights 290 

rating  table 291 

Dead  River  near— 

The  Forks,  Me.: 

description 95-96 

discharge 96 

discharge,  monthly 97, 342 

gage  heights 96 

rating  table 97 

Dedham,  Me., 

Philips  Lake  in: 

description 68-60 

discharge 69-70 

discharge,  monthly 73, 342 

gage  heights 70-71 

rating  table 72 

Deer  Creek  ftear— 

ChurchviUe,  Md.: 

description 316 

discharge,  monthly 318, 344 

gage  heights 317 

rating  table 318 

Definitions,  statements  of 13 

Delaware  River  at— 

LambertviUe,  N.  J.: 

description 260 

discharge 260 

gage  heights 261 

Port  Jervis,  N.  Y.: 

description.... 250-251 

discharge 251 

discharge,  monthly 255. 343 

gage  heighte 252-254 

rating  table 254 


Delaware  River  at— Continued.  Page. 

Riegelsville,  N.  J.: 

description 256 

discharge 257 

discharge,  monthly 250,343 

gage  heights 258 

rating  table •   259 

Delaware  River  basin,  description 246 

miscellaneous  measurements 277 

stream  flow 247-277 

Delaware  River  (East  Branch)  at— 
Hancock,  N.  Y.: 

description 247 

discharge 247 

discbarge,  monthly 250,343 

gage  heights 248 

rating  tables 249 

Delaware  River  (West  Branch)  at— 
Hancock,  N.  Y.: 

description 261-262 

discharge 262 

discharge,  monthly 265, 343 

gage  heights 263 

rating  tables 264 

Discharge,  computation  of 21-26 

curves  for,  figures  showing 22 

summaries  of 341-344 

Discharge  measurements,  nature  of 15, 16 

Dixfleld,  Me., 

Androscoggin  River  at: 

description . .      112 

discharge,  monthly 114,342 

gage  heights 113 

raUng  table 114 

DolgeviUe,  N.  Y., 

East  Canada  Oeek  at: 

description .* 218 

discharge,  daily 219 

discharge,  monthly 220,343 

Drainage,  stream  flow  and 9-10 

Drainage  basins,  list  of 10 

Dunsback  Ferry,  N.  Y., 
Mohawk  River  at: 

description 212-213 

dischitfge,  daily 213 

discharge,  monthly 214,343 

E. 

East  Canada  Creek  at— 
DolgeviUe,  N.  Y.: 

description 218 

discharge,  dally 219 

discharge,  monthly 220,343 

East  Outlet,  Maine, 
Moosehead  Lake  at: 

description 80 

gage  heights 81 

Equivalents,  list  of 14-15 

Esopus  CTreek  at  or  near- 
Kingston,  N.  Y.: 

description 230-231 

discharge 231 

discharge,  daily 232 

discharge,  monthly 233,343 

gage  heights 231 
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Eaopus  Creek  at  or  near— Continued.  Pase. 

OUvebridge,  N.  Y.: 

desoripti(m 227-228 

diaoharge,  daily 228-229 

discharge,  monttily 230, 343 

Eaopus  Creek  basin,  description 227 

stream  flow 227-233 

F. 

Farley  Stetion,  Mass., 
Millers  River  near: 

description .• 160 

discharge 160 

Findeme,  N.  J., 
Raritan  River  at: 

description 241-242 

discharge,  m(mtbly 242 

gage  heights 242 

rating  table 242 

Fish  ."reek  at— 

Burgoyne,  N.  Y.: 

description 206 

discharge 205 

discharge,  monthly 206, 343 

gage  heights 206 

rating  table 206 

Fish  River  at— 
Wallagrass,  Me.: 

description 33-34 

discharge 34 

discharge,  monthly 36, 342 

gage  heights 34-36 

rating  toble 35 

>*loat  method,  description  of 19 

Flood  prevention,  stream  flow  and 10 

Follansbee,  Robert,  work  of 28 

Fort  Edward,  N.  Y., 
nudson  River  at: 

description 180-181 

discharge,  daily 181-182 

discharge,  monthly 183, 343 

Fort  Fairfield,  Me., 
Aroostook  River  at: 

description 36-37 

discharge 37 

discharge,  monthly 39, 342 

gage  heights 38 

rating  table 39 

Fort  Fairfield,  Me.,  cur\'es  at,  figures  show- 
ing        22 

Fort  Kent,  Me., 

St.  J[ohn  River  at: 

description 30-31 

discharge 31 

discharge,  monthly 33, 342 

gage  heights 31-32 

rating  table 32 

Foxcroft,  Me., 

Piscataquis  River  near: 

description 05 

discharge 65 

discharge,  monthly 07, 342 

gage  heights 66 

rating  table 67 

JTaminghani,  Mass., 
Sudbury  River  at: 

description 142 

dlsciiarge,  monthly 142-143.342 

rainfall,  monthly 142-143 


Franklin  Junction,  N.  H.,  Pagei 

Merrimao  River  at: 

deecrlptkin 129 

discharge 129 

discharge,  monthly 131,343 

gage  heights 129-130 

ratlngtable 130 

Frederick,  Md., 

Monooacy  River  near: 

description 336 

discharge,  monthly 338,344 

gagebdghts SS7 

ratlngtable 338 

Fredrick,  Pa., 

PerUomen  Creek  near: 

descriptk»n 274-275 

dischMge,  daily 275-276 

discharge,  monthly 276,343 

Fredericksburg,  Va.,  power  development  at, 

viewof 340 

Rappahannock  River  near: 

description 331 

discharge 340 

discharge,  monthly 341,344 

gageheights 340 

rating  table 341 

French,  H.  F.,  work  of 2B 

O. 

Oage  heights,  nature  of is 

Gaging  station,  description  of. 18 

classification  of 22-25 

Gardiner,  Me., 

Cobboaseecontee  Stream  at: 

description 103-104 

discharge,  daily 104-105 

discharge,  monthly 106,342 

Garvins  Falls,  N.  H., 
Merrimac  River  at: 

deacriptton 131-132 

discharge,  daily 133 

discharge,  monthly 134,342 

Qaylordsville,  Conn., 
Housatonic  River  at: 

description 169-170 

discharge 170 

discharge,  monthly 172,343 

gageheighta 170-171 

rating  table .•. 171 

Glenooe,  Md., 

Gunpowder  Falls  at: 

description 319 

discharge 319 

discharge,  monthly 321,344 

gageheights 320 

rating  table 321 

Glens  Falls  feeder,  N.  Y.: 

description 186 

discharge 188 

Gooley,  N.  Y,, 

Hudson  River  at: 

discharge 236 

Greene,  N.Y., 

Chenango  River  near: 

description 298 

discharge 296 

gageheights 298 
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OrindstoDe,  Me.,  Page. 

Penobscot  River  (East  Branch)  at: 

description 60 

discharge » 

discharge,  monthly 61, 342 

gage  heights 60 

rating  table 61 

Gunpowder  Falls  at— 
Ulenooe,  Md.: 

description 319 

discharge 319 

discharge,  monthly 321,344 

gageheights 320 

rating  Uble 321 

Gunpowder  River  bashi,  description 319 

stream  flow 319-324 

H. 
Hadley ,  N.  Y.,  log  jam  at,  view  of 146 

Sacandaga  River  near: 

description 201-202 

discharge 202 

discharge,  monthly 204,343 

gageheights 202-203 

ratingtables 303 

llumpden.  Me., 

Sousdabscook  River  at: 

discharge 73 

Hancock,  N.  Y., 

Delaware  River  (East  Branch)  at: 

description 247 

discharge 247 

discharge,  monthly 250,343 

gage  heights 248 

rating  tables 249 

Delaware  River  (West  Branch)  at: 

description 261-262 

discharge 262 

discharge,  monthly 266,343 

gage  heights 263 

rating  tables 264 

Harrisburg,  Pa., 

Susquehanna  River  at: 

description 292 

discharge 292 

discharge,  monthly 294, 344 

gage  heights 293 

rating  tables 294 

Hartford,  Conn., 

Connecticut  River  at: 

description 151 

gage  heights 152 

Henshaw,  F.  F.,  work  of 29 

Hinsdale,  N.  IT., 

Ashuelot  River  at: 

description 156-157 

discharge 157 

disrharRe,  monthly 159, 343 

gage  heights 157-158 

rating  table 153 

Holden,  Me., 

A*hlllps  Lake  In: 

description CH-69 

discharge 69-70 

discharge,  monthly 73, 342 

gage  helph  ts 70-71 

rating  table 72 


Hoosic  River  at—  Page. 

Buskirk,  N.  Y.: 

description 207 

discharge 207 

discharge,  monthly 209,343 

gageheights 206 

rating  table 200 

Hoosic  River  basin,  description 206-206 

stream  flow 207-200 

Hope,  N.  Y., 

Sacandaga  River  near: 

discharge 236 

Horton,  A.  H.,  work  of 28 

Housatonio  River  at— 

Gaylordsville,  Conn.: 

description 169-170 

discharge 170 

discharge,  monthly 172, 343 

gageheights 17(V-171 

rating  Uble 171 

Housatonic  River  basin,  description 169 

stream  flow 160-172 

Hoyt,  J.  C,  work  in  charge  of 28 

Hudson  River  at  or  near- 
Corinth,  N.  Y.: 

discharge 236 

Fort  Edward,  N.  Y.: 

description 180-181 

discharge,  dally 181-182 

discharge,  monthly lvS3,343 

Oooley,  N.  Y.: 

discharge 236 

Mechanlcvllle.  N.  Y.: 

description 183-184 

discharge,  daily 184-185 

discharge,  monthly 185,343 

North  Creek,  N.  Y.: 

description 176 

discharge 176 

discharge,  monthly 177, 343 

gage  heights 176-177 

rating  table 177 

Thurman,  N.  Y.r 

description 178 

discharge 178 

discharge,  monthly 180, 343 

gage  heights 179 

rating  table 180 

Hudson  River  basin,  description 172-175 

miscellaneous  measurements 236 

stream  flow 175-236 

Htmtlngton,  Pa., 

Juniata  River  (Frankstown  Branch)  at 
and  near- 
discharge 319 

Juniata  River  ( Ra>'stown  Branch)  near- 
discharge 319 

I. 

Ice,  measurements  under 21-25 

Indian  Lake  Reservoir  at — 
Indian  Lake,  N.  Y.: 

description 189 

gageheights 190-191 

Investigations,  authority  for 7 

purposes  of 9 

scope  of »-9 
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Irrigation,  stream  flow  and 0 

Israel  River  near- 
Jefferson  Highlands,  N.  J.: 

descriptlcm 153 

discharge,  monthly 154 

gage  heights 163 

rating  table 153 

J. 
Jefferson  Highlands,  N.  J., 
Israel  River  near: 

description 153 

discharge,  monthly 154 

gage  heights 153 

rating  table 153 

Juniata  River  at— 
Newport,  Pa.: 

description 311 

discharge 311 

discharge,  monthly 313,344 

gage  heights 312 

rating  table 313 

Juniata  River  basin,  description 310 

stream  flow 311-313 

Juniata   River  (Franlcstown   Branch)  at  (H* 
near— 
Huntington,  Pa.: 

discharge 310 

Jimiata  River  (Raystown  Branch)  near— 
Huntington,  Pa.: 

discharge 319 

K. 
Kast  Bridge,  N.  Y., 

West  Canada  Creek  at: 

description 216 

discharge,  daily 217 

discharge,  monthly 218, 343 

Kenduskeag  Stream  near— 

Bangor,  Me.: 

description 67-68 

discharge 68 

gagebeights 68 

Kennel)ec  River  at  or  near— 

Bingham,  Me.: 

description 85 

discharge 85 

discharge,  monthly 87, 342 

gage  heights 86 

rating  table 87 

Madison,  Me.: 

description 89 

d  Ischarge 89-90 

North  Anson,  Me.: 

description 87-88 

discharge,  monthly 89,342 

gage  heights 88 

rat  ing  tables 89 

Kennel  >ec  River  at— 

The  Forks,  Me.: 

description 82 

discharge 82 

discharge,  monthly 84, 342 

gage  heights 83 

rating  table 84 

Waterville,  Me.: 

description 90-91 

discharge,  daily 91-92 

discharge,  monthly 92, 342 


Pace. 

Kennebec  River  basin,  deecription 74-76 

stream  flow 77-106 

ndscellaneous  measurements 106 

survejrs 77 

Klnderhook  Creek  at— 
Rossman,  N.  Y.: 

description 223 

discharge 223 

discharge,  monthly 225-226,343 

ga^hei^ts 224 

rating  table 235 

Kingston,  N.  Y., 
Esopus  Creek  at: 

descriptton 230-231 

discharge 231 

disdiarge,  daily 232 

discharge,  monthly 233,343 

gagehels^ts 231 

L. 
Lake  Cochltuate  at— 
Cochituate,  Mass.: 

description 142 

dischtfge,  monthly 143-144,343 

ralniiiU,  monthly 143-144 

Lambertville,  N.  J., 
Delaware  River  at: 

description aoo 

discharge 260 

gageheights 261 

Lawrence,  Mass., 

Merrimac  River  at: 

description 134-135 

discharge,  daUy 138 

discharge,  monthly 130,342 

discharge,  weekly 136-137 

Lehigh  River  at— 
Bethlehem,  Pa.: 

discharge 277 

Little  Androscoggin  River  at  or  near— 
Mechanic  Falls,  Me.: 

discharge 116 

Oxford,  Me.: 

discharge 115 

Little  Falls,  N.  Y.. 
Mohawk  River  at: 

description 211 

discharge,  daily 212 

discharge,  monthly 212,343 

Little  Gunpowder  Falls  near— 
Belair,  Md.: 

description 322 

discharge 822 

discharge,  monthly 324,344 

gageheights 323 

rating  table 324 

Los  Angeles,  current-meter  rating  station  at, 

view  of IS 

M. 

McCall  Ferry,  Pa., 

Susquehanna  River  near: 

description 295 

discharge,  monthly 297,344 

gageheights 205-206 

rating  table 206 

Machlas  River  at— 
Whitneyirllle,  Me.: 

description 44-45 

discharge 46 

discharge,  monthly 48-10,342 
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Macfaias  River  at— Continued.  Page. 

WhltneyvlUe,  Me.— Ck>ntinued. 

gage  heights 46 

rating  tables 47 

Machias  River  basin,  description  of 44 

stream  flow  in 44-49 

Madison,  Me., 

Kennebec  River  at: 

description 89 

discharge 89-90 

Sandy  River  near: 

description 99-100 

discharge 100 

discharge,  dally 100-101 

discharge,  monthly 101, 342 

Mahwah,  N.  J., 

Ramapo  River  near: 

description 240 

discharge 240 

Maryland,  cooperation  In 28 

Mattawamkeag  River  at— 
Mattawamkeag,  Me.: 

description 62 

discharge 62, 342 

discharge,  monthly 64-65 

gage  heights 63 

rating  tables 64 

Mechanic  Falls,  Me., 

Little  Androscoggin  River  at: 

discharge 115 

MechanicvlUe,  N.  Y., 
Hudson  River  at: 

description 183-184 

discharge,  dally 184-185 

discharge,  monthly 185,343 

Mention,  R.  A.,  work  of 28 

Merrimac  River  at— 

Franklin  Junction,  N.  H.: 

«  description 129 

discharge 129 

discharge,  monthly 131, 342 

gage  heights 129-130 

rating  table 130 

Garvins  FaUs,  N.  H.: 

description 131-132 

discharge,  daily 133 

discharge,  monthly 134,342 

Lawrence,  Mass.: 

description 134-135 

discharge,  daily 138 

discharge,  monthly 139, 342 

discharge,  weekly 136-137 

Merrimac  River  basin,  description 124-126 

stream  flow .'. . .  126-144 

Millers  River  near- 
Farley  Station,  Mass.: 

description 160 

discharge 160 

Mill  Green,  Md., 
Broad  Creek  at: 

dascrlptlon 314 

discharge 314 

discharge,  monthly 316, 344 

gage  heights 314-315 

rating  table 315 


Mlllinoeket,  Me.,  Page. 

Penobscot  River  (West  Branch)  at: 

description 62-68 

discharge,  daily 64 

discharge,  monthly 55,342 

Millvme,  W.  Va., 

Shenandoah  River  at: 

description 333 

discharge,  monthly 335,344 

gage  heights 334 

rating  table 835 

Mohawk  River  at— 

Dtmsback  Ferry,  N.  Y.: 

description 212-213 

discharge,  daily 213 

discharge,  monthly 214,343 

LitUe  Falls,  N.  Y.: 

description 211 

discharge,  dally 212 

discharge,  monthly 212, 343 

Mohawk  River  basin,  description 210-211 

stream  flow 211-222 

Monocacy  Creek  at— 

Bethlehem,  Pa.: 

discharge 277 

Monocacy  River  near- 
Frederick.  Md.: 

description 336 

discharge,  monthly 338, 344 

gage  heigh  ts 337 

rating  table 338 

Mongaup  River  near— 

Rlo,N.Y.: 

discharge 277 

Mooeehead  Lake  at— 

East  Outlet,  Maine: 

description 80 

gage  heights 81 

Moose  River  near— 

Rockwood,  Me.: 

description 77 

discharge 77 

discharge,  monthly 79,342 

gage  heights 78 

rating  table 79 

Musconetoong  River  near— 

Bloomsbury,  N.  J.: 

description 267 

discharge,  monthly 268 

gage  heights 267 

rating  table 268 

N. 

Nashua  River  (South  Branch)  at— 
Clinton,  Mass.: 

description 140-141 

discharge,  monthly 141,342 

rainfall,  monthly 141 

Navigation,  stream  flow  and 9 

Neshamlny  Creek  near- 
forks,  Pennsylvania: 

descrlp  tlon 270 

discharge,  dally '..      271 

discharge,  monthly 272,343 

New  England,  cooperation  in 27-28 
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New  Jersey,  cooperation  In 28 

Newport,  Pa., 

Juniata  River  at: 

description 311 

discharge 311 

discharge,  monthly 313,344 

gage  heights 312 

rating  table 313 

New  Yorlc,  cooperation  in 28 

North  Anson,  Me., 

Carrabassett  River  near: 

description »7-98 

disctiarge,  monthly 98,342 

gage  heights 98 

rating  table 98 

Kennebec  River  near: 

description 87-88 

discharge,  monthly 89,342 

gage  heights 88 

rating  tables 89 

North  Creek,  N.  Y., 
Hudson  River  at: 

description 175 

discharge 176 

discharge,  monthly 177, 343 

gage  heights 176-177 

rating  table 177 

North  Creek  at: 

discharge 236 

NorthvUle,  N.  Y., 

Sacandaga  River  at: 

description 198-199 

discharge 199 

discharge,  monthly 201.343 

gage  heights 200 

rating  table 201 

O. 
Ollvebrldge,  N.  Y., 
Esopus  Creek  near: 

description 227-228 

discharge,  dally 228-229 

discharge,  monthly 230,343 

Orford,  N.  H., 

Connecticut  River  at: 

description 146 

discharge 147 

gage  heights 147-148 

Oxford,  Me.. 

Little  Androscoggin  River  at  and  near: 

discharge 115 

P. 

Padgett,  H.  D.,  work  of 28,29 

Parker,  G.  L.,  work  of 28 

Passaic  River  uear— 
Chatham.  N.  J.: 

description 2;}7 

discharge 2m 

discharge,  monthiy 240. ."Via 

gage  heights 23H-239 

rating  table 239 

Passaic  River  basin,  description 237 

stream  flow 237-240 


Page. 
P»tap0oo  River  at— 

Woodstock,  Md.: 

desoription 325 

discharge,  monthly 337,344 

gageheights 326 

rating  table 327 

Patapsoo  River  basin,  description 325 

stream  flow 325-327 

Paullns  Kill  at— 
Columbia,  N.  J.: 

desoription 265-266 

discharge,  daily. 266 

discharge,  monthly 266,343 

gageheights 266 

Pemigewasset  River  at— 
Plymouth,  N.  H: 

descr  ptlon 126 

discharge 126 

discharge,  monthly 128,342 

gage  heights 128-127 

rating  table 128 

Pennsylvania,  cooperation  in 28 

Penobscot  River  at— 
West  Enfleld,  Me.: 

description 56 

discharge 56 

discharge,  monthly 58.342 

gageheights 57 

rating  table 58 

Penobscot  River  basin,  description 49-51 

miscellaneous  measurements 73 

stream  flow 52-73 

surveys 51-52 

Penobscot  River  (East  Branch)  at— 
Grindstone,  Me.: 

description 50 

discharge 59 

discharge,  monthly 61,34> 

gage  heights 60 

rating  table 61 

Penobscot  River  (West  Branch)  at— 
MUlinocket,  Me.: 

descrlptton 52-53 

discharge,  daily 54 

discharge,  monthly 55,342 

Perklomen  Creek  near- 
Frederick,  Pa.: 

description 274-275 

discharge,  daily 275-276 

discharge,  monthly 276,343 

Philadelphia,  Pa., 

Schuyll^ill  River  near: 

description 272-273 

discharge,  daily 273-274 

discharge,  monthly 274,343 

Philips  Lake  In- 

Holden  and  Dedhara,  Me.: 

description 68-« 

discharge 69-70 

discharge,  monthly 7Z,Mi 

gage  heights 70-71 

rating  tables 72 

Piscataquis  River  near— 
Foxcroft,  Me.: 

description 65 

discharge 65 
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Plsefttaqais  River  near— CoDtiooed.  Page. 

Fozoroft,  lie.— Continued. 

discharge,  monthly ($7,342 

gage  heights 66 

rating  table 67 

Pittsfleld.  lie., 

SebasUoook  River  at: 

description 102 

discharge 102 

gage  heights 103 

Pljrroouth,  N.  H., 

Pemigewasset  River  at: 

description 126 

discbarge 126 

discharge,  monthly 128,342 

gage  heights 126-127 

rating  Uble 128 

Point  of  Rocks.  Md., 
Potomac  River  at: 

description 329-330 

discharge 330 

discharge, monthly 332,344 

gage  heights 331 

rating  table 332 

Point  Pleasant,  Pa., 
Tohlckon  Creek  at: 

description 268 

discharge,  daily 269 

discharge,  monthly 270,343 

PortJervIs,  N.Y.. 
Delaware  River  at: 

descripUon 250-251 

discharge 261 

discharge,  monthly 255,343 

gage  heights 252-254 

rating  table 254 

Potomac  River  at— 
Pointof  Rocks,  Md.: 

description 329-330 

discharge 330 

discharge,  monthly 332,344 

gage  heights 331 

rating  table 332 

Potomac  River  basin,  description 328-329 

stream  flow 329-338 

Pottersville,  N.Y., 
Schroon  Lake  near: 

description 192 

gage  heights 192 

Power  plants,  viewsof. 146,340 

PrattsvIlle,N.Y., 
Scoharie  Creek  at: 

description 220-221 

discharge,  daily 221-222 

discharge,  monthly 222, 343 

gage  heights 221 

Pressey,  F.  E.,  work  of 28 

Presumpscot  River  at— 

Sebago  Lake  outlet,  Maine: 

description 116 

discharge,  daily 117-118 

discharge,  monthly 118, 342 

Presumpscot  River  basin,  description 11.5 

stream  flow 116-118 

Price  meters,  views  of 20 

Profile  Falls,  view  of 126 

PublicaUons,  lists  of. 10-13 

16254— IRR  241—10 23 


Q.  Page. 

Quaboag  River  at— 
West  Warren,  Mass.: 

description 162 

discharge,  daily 163 

discharge,  monthly 163,343 

R. 

Rami^M  River  near— 
Mahwah,N.J.: 

description 240 

discharge 240 

Rappahannock  River,  power  development 

on,  view  of 340 

Rappahannock  River  near— 
Fredericksburg,  Va.: 

description 338 

discharge 340 

discharge,  monthly 341,344 

gage  heights 340 

rating  table 341 

Raritan  River  at— 
Boundbrook,  N.  J.: 

description 243 

discharge 243 

discharge,  monthly 245, 343 

gage  heights 244 

rating  table 245 

Flndeme,  N.  J.: 

description 241-242 

discharge,  monthly 242 

gage  heights 242 

rating  table 242 

Raritan  River  basin,  description 241 

stream  flow 241-245 

Rating  curves,  construction  and  use  of. 22 

Rating  tables,  construction  of 22 

nature  of 16 

Revision,  need  for 26-27 

RiegelsvUle,  N.  J., 
Delaware  River  at: 

description 256 

discharge 257 

discharge,  monthly 259, 343 

gage  heights 258 

rating  table 259 

Rio,  N.  Y., 

Mongaup  River  near: 

discharge 277 

Rlverbank,  N.  Y., 
Schroon  River  at: 

description 192-193 

discharge 193 

discharge,  monthly 195, 343 

gage  heights 193-194 

rating  table 194 

Roach  River  at— 
Roach  River,  Me.: 

description 93 

discharge,  monthly 95, 342 

gage  heights 93-94 

rating  table 94 

Rock  wood.  Me., 

Moose  River  near: 

description 77 

discharge 77 
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Rockwood,  Me.— Continued .  Page. 

Moose  River  near— Continued . 

discharge,  monthly 79,342 

gage  heights 78 

rating  table 7» 

Rondout  Creek  at— 
Ro9endale,N.  Y.: 

description 233-234 

discharge,  dal'y 235 

discharge,  monthly 236, 343 

gage  heights 234 

Rosendale,  N.  Y., 
Rondout  Creek  at: 

description 233-234 

discharge,  daily 235 

discharge,  monthly 236, 343 

gage  heights 234 

Rossman,  N.  Y., 

Kinderhook  Creek  at: 

description 223 

discharge , 223 

discharge, monthly 225-226,343 

gage  heights 224 

ratingtable 225 

Rumfbrd  Falls,  Me., 

Androscoggin  River  at: 

description 110 

discharge,  daily Ill 

discharge,  monthly 112,342 

Rim-off ,  computation  of 21-26 

definition  of 13 

S. 

Bacandaga  River,  log  Jam  on,  view  of 146 

Sacandaga  River  at  or  near— 
Hadley.N.Y.: 

desert  pUon 201-202 

discharge 202 

discharge,  monthly 204,343 

gage  heights 202-203 

rating  tables 208 

Hope,  N.  Y.: 

discharge 236 

NorthviUe,  N.  Y.: 

description 198-199 

discharge 199 

discharge,  monthly 201,343 

gage  heights 200 

rating  table 201 

Wells,  N.  Y.: 

description 196 

discharge 190 

discharge,  monthly 196,343 

gage  heights 197 

rating  table 198 

Sacandaga  River  (West  Branch)  near- 
Wells,  N.Y.: 

discbarge 236 

Sacandaga  River  basin,  description 195-196 

stream  flow 19G-204 

Saco  River  at  or  near- 
Center  C/onway,  N.  H.: 

description 119-120 

discharge 120 

discharge,  monthly 122, 242 

gage  heights 120-121 

ratingtable 121 


Saco  River  at  or  near— Continued.  Page. 

West  Buxton,  Me.: 

description m 

discharge,  daily 123 

disdiarge,  monthly 124,342 

Saco  River  basin,  description 118-11» 

stream  flow 119-124 

St.  Croix  River  basin,  description 40-41 

stream  flow 41-13 

St.  Croix  River  near- 
Woodland,  Me.: 

description n 

discharge 41 

discharge,  monthly 43.342 

gage  heights 42 

rating  table 43 

St.  John  River  at— 
Fort  Kent.  Me.: 

description st^si 

discharge 31 

discharge,  monthly 33,342 

gage  heights 31-32 

rating  table 32 

St.  John  River  basin,  description 29-30 

stream  flow 30-39 

Sandy  River  near- 
Madison,  Me.: 

description 99-100 

discharge lOO 

discharge,  daily 100-101 

discharge,  monthly 101,342 

Schroon  Lake  near— 
Potter8ville,N.Y.: 

description 192 

gage  heights 192 

Schrocm  River  basin,  description 191 

stream  flow 192-195 

Schroon  River  at— 
Rlverbank,  N.  Y.: 

description 192-193 

discharge 193 

discharge,  monthly 195,343 

gage  heights 193-194 

ratingtable 194 

Warrensburg,  N.  Y.: 

discharge 236 

Schuylkill  River  near- 
Philadelphia,  Pa. : 

description 272-273 

discharge,  daily 273-274 

discharge,  monthly 274,343 

Schoharie  Creek  at— 
PrattsvIlle,N.Y.: 

description 220-221 

discharge,  dally 221-222 

discharge,  monthly 222,343 

gage  heights 221 

Sebago  Lake  outlet,  Maine, 
Presumpscot  River  at: 

description 116 

discharge,  daily 117-118 

discharge,  monthly 118,342 

Sobastloook  River  at— 
Bumham,  Me.: 

discharge 106 

Pitt8fleld,Me.: 

description 102 

discharge 102 

gage  heights 103 
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Second-foot,  definition  of 13 

Sharon,  Vt. ,  power  plant  at,  view  of 146 

Shelbume,N.  H., 

Androscoggin  River  at: 

description 10&-109 

discharge,  monthly 110,342 

gage  heights 109 

rating  table 109 

Shenandoah  River  at— 
MlUviUe,  W.  Va.: 

deecripUon 333 

discharge,  monthly 335,344 

gage  heights 334 

rating  table 336 

Slope  method,  description  of 16 

Smiths  River,  falls  on,  view  of 126 

Sousdabscook  River  at— 
Hampden,  Me.: 

discharge 73 

South  Cairo,  N.  Y., 
Catskill  Creek  at: 

description 226 

gage  heights 227 

Stevens,  G.  C,  workpf 28,29 

Stream  measurements,  accuracy  of 25-26 

data  of,  use  of 26-27 

methods  of 16-21 

Sudbury  River  at— 
Framlngham,  Mass.: 

description 142 

discharge,  monthly 142-143, 342 

rainfall,  monthly 142-143 

Sunderland,  Mass., 

Connecticut  River  at: 

description 148 

discharge 148 

discharge,  monthly 150,342 

gage  heights 149 

rating  table 150 

Surveys,  river.  In  Maine 51, 77, 108 

Susquehanna  River  at— 
Binghamton,  N.  Y.: 

description 282 

discharge 282 

discharge,  monthly 284, 344 

gage  heights 283 

rating  table 284 

Colliersvllle,  N.  Y.: 

description 279-280 

discharge 280 

discharge,  daily 281 

discharge,  monthly 281 

gage  heights 280 

rating  table 280 

Danville,  Pa. : 

description 289 

discharge 289 

discbarge,  monthly 291,344 

gage  heights 290 

rating  table 291 

Harrisburg,  Pa. : 

description 292 

discharge 292 

discharge,  monthly 294,344 

gage  heights 293 

rating  table 294 


Page. 
Susquehanna  River  at— Continued. 
McCaU  Ferry,  Pa.: 

description 295 

discharge,  monthly 297,344 

gage  heights 295-296 

rating  table 296 

WIlkes-Barre,  Pa,: 

description 286 

discharge 286 

discbarge,  monthly '.  288,344 

gage  heights 287 

rating  table 288 

Wysox,  Pa.: 

description 284-285 

discharge 285 

discharge,  daily 285 

discharge,  monthly 286,344 

gageheights 285 

Susquehanna  River  basin,  description 278-279 

miscellaneous  measurements 319 

stream  flow 279-319 

Susquehanna  River  (West  Branch)  at— 
WllUamsport,  Pa.: 

description 307 

discharge 307 

discharge,  monthly 309,344 

gage  heights 308 

rating  table 309 

Susquehanna  River  (West  Branch)  basin, 

description 306-307 

stream  flow 307-309 

Swamps,  drainage  of,  stream  flow  and 9-10 

T. 

Tables,  explanation  of 15-16 

The  Forks,  Me., 
Dead  River  near: 

description 95-96 

discharge 96 

discharge,  monthly 97,342 

gage  heights 96 

rating  table 97 

Kennebec  River  at: 

description 82 

discharge 82 

discharge,  monthly 84,342 

gage  heights 83 

rating  table 84 

Thurman,  N.  Y., 
Hudson  River  at: 

description 178 

discharge 178 

discharge,  monthly 180,343 

gage  heights 179 

rating  table 180 

Tohlckon  Creek  at— 
Point  Pleasant,  Pa.: 

description 268 

discharge,  dally 269 

discharge,  monthly 270,343 

Twin  Mountain,  N.  H., 
Zealand  River  near: 

description 155 

discharge,  monthly 156 

gage  heights 156 

rating  table 156 

Twin  Rock  Bridge,  N.  Y., 
West  Canada  Creek  at: 

description 214 

discharge,  daily 215 

discharge,  monthly 216,343 
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V.  Page. 

Velocity  method,  description  of 17-21 

Virginia,  cooperation  in 28 

W. 

Wallagrass,  lie.. 
Fish  River  at: 

description 35-34 

discharge 34 

discharge,  monthly 36,342 

gage  heights 34-35 

rating  table 35 

Walters,  M.  I.,  work  of 28,29 

Ware  River  near- 
Ware,  Mass.: 

description lflO-161 

discharge 161 

gage  heights 161-162 

Warrensburg,  N.  Y., 
Schroon  River  at: 

discharge 236 

Water  power,  stream  flow  and 9 

Water  supply,  stream  flow  and 9 

WaterviUe,  Me., 

Kennebec  River  at: 

description 90-91 

discharge,  daily 91-92 

discharge,  monthly 92,342 

Weir  method,  description  of 16-17 

Wells,  N,  Y., 

Sacandaga  River  at: 

description 196 

discharge 196 

discharge,  monthly 198,343 

gage  heigh  ts 197 

rating  table 198 

Sacandaga  River  (West  Branch)  near- 
discharge 236 

West  Buxton,  Me., 
Saoo  River  at: 

description 122 

discharge,  dally 123 

discharge,  monthly 124,312 

West  Canada  Creek  at— 
Kast  Bridge,  N.Y.: 

description 216 

discharge,  daily 217 

discharge,  monthly 218, 343 

Twin  Rock  Bridge,  N.  Y.: 

description 214 

discharge,  daily 215 

discharge,  monthly 216,343 

West  Enfield,  Me., 
Penobscot  River  at : 

description 56 

discharge 56 

discharge,  monthly 58,342 

gage  heights 57 

rating  table 58 

Westfleld  Little  River  near— 
BIandford,Mass.: 

description 163-164 

discharge 164 

discharge,  daily 167 

discharge,  monthly 168,343 

gage  heights 165-166 

rating  table 166 


Pag*. 
West  HopUnton,  N.  H., 
Contoocook  River  at: 

description im 

discharge,  monthly 140,343 

gageheights 140 

rating  table 140 

West  Warren,  Mass., 
Quaboag  River  at: 

description 1«2 

discharge,  daily let 

discharge,  monthly 163,343 

White  River,  power  plant  on,  view  of 146 

Whitneyvllle,  Me., 
Machias  River  at: 

description 44-<4S 

discharge 45 

discharge,  monthly 48-I9.342 

gageheights 46 

rating  tables. 47 

Wilkes-Barre,  Pa., 

Susquehanna  River  at: 

description 286 

discharge 286 

discharge,  monthly 288,344 

gageheights 287 

rating  table 288 

Williamsport,  Pa., 

Susquehanna  River  (West  Branch)  at: 

description 307 

discharge 307 

discharge,  m<mthly 300,344 

gageheights 308 

rating  table 300 

Wood,B.  D.,workof .' 79 

Wood,  D.M.,  work  of 28 

Woodland,  Me., 

St.  Croix  River  near: 

41 

41 

43,342 

42 

43 

Woodsl 

Pal 

32S 
27,344 


Wysox 

Sus 


Zealan( 
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84-285 
285 
28S 

86.344 
285 
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156 
156 
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